
>> Hello everybody, and welcome to the Return to Learn Fall 2014 Webinar Series, 

Students K through 12 with Concussion: Vision Issues Impacting Academics for 

Students. 

This webinar is the fourth webinar in our Fall BrainSTEPS Return to Learn Concussion 

Series. We’re very excited to have Dr. Steinhafel with us today. We’re sorry that we had 

some technical issues, but we are glad that people are finding their way back on 

through the new link that was sent out. 

Rest assured, this webinar today will be archived and available online in about a month. 

You can find it at PaTTAN.net, and also at BrainSTEPS.net, so check back in about a 

month. 

I would like to welcome Dr. Steinhafel. He joined the Pediatric and Adult Vision Care in 

Wexford Academy in 2010. He graduated from Southern California College of 

Optometry with a Doctorate in Optometry, and completed his residency, specializing in 

Pediatrics at the University of Alabama at Birmingham School of Optometry where he 

also served as a clinical instructor. 

Dr. Steinhafel also holds a Master’s of Science degree in Physiology, with an emphasis 

in Neurophysiology from Brigham Young University and a Bachelor’s of Science degree 

in Zoology from the University of Wisconsin–Madison. 

In addition to comprehensive eye exams, fitting contact lenses, and treating ocular 

disease for all ages, Dr. Steinhafel concentrates his practice specializing in pediatric 

eye care. This includes routine exams for infants and children, treating special 

populations (autism, cerebral palsy, down’s syndrome) examining those with learning 

disabilities or developmental delays, and treating infants through adults with strabismus, 

lazy eye, eye tracking problems, or other binocular vision related conditions. 

He also has specialized training in the area of neuro-optometry, which is why we asked 

him to speak to us today, which is examining and treating adults and children recovering 

from traumatic brain injury, or neuro related eye conditions. 



I would like to welcome Dr. Nathan Steinhafel. We will be taking questions at the end, 

so keep that in mind. Thank you. 

>> Great. Thank you, Brenda. It’s a pleasure being with everybody. I have to say, this is 

a unique presentation for me, because I’m usually presenting on a whole base seminar, 

and mostly it is to physical therapists, internists, [INAUDIBLE], neurology, neuro-

optometry, and ophthalmology.  

This is actually an enjoyment to put together, and this is going to be concepts for the 

educational professional. I realize this may include psychology, school nurses, those in 

academia, mostly teachers, hopefully, because most of the time, you’re the ones 

interacting with these patients the most. 

What’s unfortunate is, I probably see these individuals for 45 minutes to two hours on 

my initial work-up and examination, and then after that, we hope that our 

recommendations are being followed through, including therapy, medication, and school 

accommodations. 

Today I’m going to go over more of the salient points of the [INAUDIBLE] quality of 

falling traumatic brain injury; more so mild traumatic brain injury, as we know most head 

injuries are concussion-related. I am a neuro-optometrist. I treat pediatrics through 

adults who suffer from traumatic brain injury as well as mild traumatic brain injury.  

I will be discussing some company’s products and some research groups, but I have no 

financial interest in any of the aforementioned. 

Concussions seem to be a big topic recently in the news. We do have some lag in the 

research, but it seems to be a very ongoing process when it comes to research, how do 

we diagnose a concussion, what’s related to a concussion, and what are the key 

players in terms of treatment and management? How do we refer to these people, how 

do we organize these individual’s lives, and how do we get them back to school 

performance? 

This is like many articles published in the news, archived in magazines and research 

articles. This study basically indicates in the journal of American Academy of Pediatrics 



that the number of emergency room visits for concussion between the ages of 8 and 13 

have doubled, and have more than doubled for those who are actively participating in 

middle school and high school sports between the ages of 14 and 19 years of age. 

Unfortunately, because of the amount of concussions doubling, the participation in 

organized team sports have actually declined as students have been, unfortunately—

they’re not re-enrolling in a lot of these sports-related activities. 

You can see from 1997 to 2007, the unfortunate truth is concussions are on a rise, or 

we’re just doing a better job of detecting it, and emergency rooms are finding a better 

way to refer to the appropriate people who are treating concussion. 

As far as epidemiology, I’m going to talk with a little bit of brevity, because I could talk 

about statistics for at least a couple hours, but I’m going to throw out a couple slides 

here just showing the prevalence. 

Literature is quite divided when it comes to how many were actually seen and treated in 

a year, but anywhere between 1 and 4 million concussion cases per year. The 

unfortunate thing, as well, is it’s estimated that most of them are going undiagnosed, so 

the true numbers of this is much higher. 

The World Health Organization estimates that 70 to 90 percent of traumatic brain 

injuries are actually concussion-related, so we call those MTBI, Mild Traumatic Brain 

Injuries. 

There’s nothing mild about it. These individuals are suffering with symptoms beyond 

your typical two-week mark. In fact, those who are doing a lot or reading and a lot of 

studying in their lives are quite active, being around a lot of people at school with a lot of 

noise. These symptoms are not going away after the typical time period that we used to 

think about.  

According to the CDC, most of the common causes of traumatic brain injury involve 

sports. Naturally, we are putting ourselves at risk when we are participating in impact 

sports. 



Fall’s a big time of the year. We see a lot of football-related injuries, soccer-related 

injuries, cheerleading injuries, but sports aren’t the only reason people are coming into 

the office. 

Motor vehicle accidents, and that is a whole other animal that I will not get into today, 

but we’re mainly going to be talking about mild traumatic brain injury related to sports-

related concussion in the middle school and high school population. Assaults, struck by 

particular things, freak accidents; those are also on the list, but on the lower end.  

Without going too much into the descriptive literature, visual dysfunction is found in 

about a quarter to a third of these patients, and in many times goes undiagnosed. 

There’s a lot of different criteria to diagnose Persistent Post-Concussion Syndrome; 

those who are suffering from a concussion and their symptoms are longer than two-

weeks, three-weeks, four-weeks.  

ICD-10 has put out their own criteria. DSM-IV has put out their own criteria. If you look 

at the box on the top right, we know that headaches are involved, dizziness, fatigue, 

increased irritability, patients have trouble falling asleep or even staying asleep. Much of 

this is affecting their concentration, affecting their memory, their mode. Patients become 

more irritable. 

Another classification is the Diagnostic and Statistical Manual of Mental Disorders. 

There are a lot of other criteria, but all of them have a lot of common points to talk 

about, including eye skills, balance skills, personality changes, so I don’t think there is 

really one set criteria, however, depending on your diagnosis or what diagnosis criteria 

you’re using, I think any one of these would be satisfactory. 

The goals and objectives today for the professional educators is to understand the 

prevalence and this mirage of visual symptoms as a result of concussion. It’s not just 

headaches, and it’s not just memory and concentration difficulties. 

I’d like to identify the most common visual system impairments occurring after mild 

traumatic brain injury. There is a long list of visual issues that come after concussion, 



but I’m going to touch upon the main three or four that I want educational professionals 

to be aware of.  

We’ll discuss screening and assessment techniques that perhaps athletic trainers could 

use in addition to some of the sideline screeners or perhaps school nurses, therapists, 

other allied health professionals who treat concussion can use as part of their 

concussion diagnosis criteria.  

I’ll elucidate that the levels, large or small, in the visual impairments in the classroom. 

Like I said, teachers are the ones that are going to be interacting with these patients 

and students the most, and for them to create strategies for them to accommodate them 

and help them get through this time of recovery is very, very important.  

Concussion and clinical strategies. When we look at the concussion on the broad 

scope, we’re not just treating a concussion. We’re not just allowing them to take time 

off. We’re looking at their mood and their anxiety. From a physical standpoint, do they 

have neck or back pain? 

In many cases, and in most cases, they’re suffering from a chronic post-traumatic 

headache, as well. There are cognitive components, fatigue that comes with that, and a 

big one is vestibular, including dizziness, balance, vertigo; that disequilibrium that 

patients complain about. 

However, today we’re going to be discussing vision, or the ocular component. Again, 

this could be a weekend conversation. What was difficult was to compact it into 45 

minutes to an hour here. It was an interesting challenge. 

A lot of parents and other physicians will ask, “What are the main areas of the brain 

affected from the concussion, when it comes to vision?” Vision involves a lot of different 

areas, not just including the occipital cortex, which is the very, very back of the brain 

where the cerebral cortex is. 

Vision is involved with the cerebellum when it comes to balance, and movement, and 

body mobility. Eye and motion skills comes from much of the midbrain, the pons, the 

medulla, and the brain stem.  



The brain stem, we have found obviously, it’s in very close proximity to the spinal cord. 

With a lot of rotational linear head injuries, this area is a very sensitive area, so many 

ocular motor dysfunctions will come as a result and visual symptoms will go awry. 

If you’ve taken any biology classes, we know that the brain is made up of tissues. It’s an 

organ, and individual tissues in organs are made up of individual cells. The blue 

schematic drawing here is an individual cell. It has a functional nucleus as the power 

house. It contains mitochondria in many different parts, including cytoskeleton and 

microtubules. This is an area that becomes damaged from concussion.  

The unfortunate thing is when we put a patient through a CT scan or neuroimaging such 

as a MRI of the head and the brain, we don’t see anything physically, but what’s 

happening is on the metabolic scale.  

Physically, yes, there is things happening. We have potassium that leaves the cell, 

sodium that comes into the cell. With a concussion, it’s almost like too much sodium 

coming into the cell, too much calcium coming into the cell. That homeostatic 

environment, that relationship of what goes in and what goes out becomes disrupted. 

The brain is communicating to different parts of the brain based on neuron function. I 

threw in a little color here. This is really a metabolic dysfunction when you talk about 

concussion, and it results in basically an energy crisis. 

Neurons have a hard time communicating with one another, because the nerve’s 

extremely vulnerable, and there has been physical damage and harm to this area of the 

brain which results in a massive release or non-release in neurotransmitters. That’s 

what helps different neurons communicate from one to the other and allows us to have 

proper visual function. 

I’m not going to get in to much of the research here, but I want you to see from a visual 

standpoint that this is an electron micrograph of axons of the optic nerve. The optic 

nerve is a part that connects the eye to the brain, speaking with a lot of brevity here.  



Top left here, we have a longitudinal section looking at the inter[INAUDIBLE] film and 

spacing of a normal axon. Basically, that’s a normal looking cross-section, if you think of 

it that way. 

This is taken from pig samples that were subjected to blasts. Subjecting to blasts, 

basically, just struck that spacing or the parts of the neuron within. On Slide B, you can 

see that that looks very different then Slide A does. 

Following stretch and injury, there’s a compaction of neuron filaments observed when 

looking at it from a microscopic research standpoint. Similarly, we look at the optic 

nerve from a transverse section. Individual neurons have microtubules, which are like 

the skeleton or the backbone in those individual dots there that you see with an arrow 

point to them. Those are individual axons following stretch, injury, or concussion. 

This is on a very extreme example. Slide D just looks a lot different, doesn’t it? The 

microtubules are disrupted, and in many cases, that skeleton of the nerve can fall apart. 

We just don’t see that on MRI. 

We are learning a lot more about functional MRI and the way it can give us more 

information about concussion, but I want you to know that it’s not just functionally we 

end up with some difficulties, but physically, there is harm. It’s a metabolic and 

structural issue. 

This is just another example of neurons that can have swollen end bulbs, and there’s 

hundreds and hundreds, and thousands of neurons that can become effective. You can 

see that these neurons here are not supposed to have these large clumps. There’s too 

much metabolic activity here. It should be more of a nice, long string, and in that 

symmetrical fashion. Again, the terminal end bulb here of the nerve is just swollen or 

ballooned up from just too much metabolic activity.  

Just a last side of our research here, and this gets into more of the functional aspect of 

what happens with concussion and vision. If you look at studies from a retrospective 

standpoint, in 2007, Ciuffreda and his group looked at a number of individuals who 

suffered concussion. He found that these individuals who suffered concussion had more 



focusing or accommodative problems, or more vergence problems. We can think of that 

as eye-teaming skill deficits. 

That was the most common thing that he found in the concussion group, whereas, lazy 

eyes, strabismus, to crossed eyes, cranial nerve palsies were the most common to this 

cerebral vascular subgroup; those who had aneurism, microvascular accidents related 

to perhaps stroke or diabetes respectively. What happens with concussion compared to 

stroke victims is that it’s a functional deficit, not a physical palsy or a bleed that actually 

happens. 

Another retrospective study in the case that, again, they’re finding convergence 

difficulties, accomodative difficulties, and ocular motor dysfunction. I will elucidate on 

what those are and what those really look like, but know that it’s a functional visual 

problem. 

Patients will often times say, “I see 20/20.” “I see things around me.” “I can see the 

letters, but I just have a hard time focusing. I have a hard time seeing things on a book.” 

“Sometimes I see double vision.” 

In 2012, the most common types of functional eye problems were related to near ocular 

motor deficits, meaning things within arm’s reach. The number one thing that they found 

was a large exophoria. Simply put, this just means when the eyes do not work together, 

and one of them or both of them are drifting apart from each other. Decreased fusional 

vergence ranges. 

For those who are in eye care, who are optometrists would know what that means. You 

just cannot compensate for those exophorias or the eye-teaming skills. A receded near 

point of convergence, meaning that—convergence means that you just have a hard 

time crossing your eyes in. Defective pursuit and saccadic eye movements, meaning 

that patients have a harder time following objects or jumping their eyes from one point 

to another. 



Reading isn’t so much a pursuit activity; it’s microsaccadic movements. Those who 

have a saccadic amount of difficulty, they’re going to have problems with reading 

fluently, on top of their cognitive and memory concentration difficulties.  

Decreased amplitude of accommodation. We’ll talk about that, meaning they have a 

decreased ability to focus, especially at a reading distance, or monocular 

accommodative facility. That means, also, they have a harder time focusing from the 

board to the reading material. 

Patients will often experience a reading speed and comprehension. The Convergence 

Insufficiency Treatment Trial Study Group, they put out a survey that would measure 

symptoms for those who have convergence issues, who just have a harder times 

crossing their eyes in. Patients would take these symptom surveys, and their symptom 

score increased after concussion. Of course, light sensitivity, and we’ll talk about that. 

Let’s bring it down a little bit. I don’t want this to be “snoresville” and talk about too much 

research. I want to talk about what’s applicable in the classroom, and what are we going 

to be doing for these patients. 

The main visual symptoms you’re going to hear students complain about are 

headaches, blurred vision, double vision, light sensitivity. They’re going to have a hard 

time with movement, being in a classroom with a lot of activity, a lot of students moving 

around. Cafeteria’s are very difficult.  

Students will say, “I have a hard time moving my eyes.” “I can’t read this fluently.” “I feel 

like I’m reading this over and over again,” which results in eye fatigue and frustration, 

obviously. Patients will feel like they are dizzy or off-balance, and so they may describe 

some vertigo-like symptoms. 

Headaches might not just be chronic post-traumatic migraines, and we want to get at 

the root of what’s the underlying cause of them. They could be from vision. If they are 

vision in nature, most of them have headaches that are frontal, on their forehead, or 

behind the eyes, or temporal, above their ears in nature. 



If it’s vision-related, in most cases, the vision symptoms get worse as the day 

progresses. One of the first things I ask a patient in clinic is, “Are you waking up with 

headaches?” If they say, “No,” I say, “What type of activities are provoking your 

symptoms?” “Is this toward the end of the day?” “What type of activity are you doing 

throughout the day?” They’ll say, “It’s after reading,” or, “It’s after trying to do problem-

solving and math.” That will give me some idea that maybe this is vision-related. 

They’ll say, “It’s worse with visual activity.” Headaches that are worse with visual 

activity, including reading, computer. Maybe they have a hard time following the mouse 

or that scrolling motion on a computer screen will elicit some dizziness if there’s too 

much visual movement. 

Sometimes they’ll have a difficult time taking notes from the board, which would elicit 

headaches. Then there’s also light-induced headaches. Unfortunately, not all 

classrooms have natural lighting. Most of it is fluorescent lighting, and it’s so because of 

a manufacturing standpoint. They’re less expensive than recessed lighting, and they’re 

very easily—we can replace them very easy and they shed a lot of diffused light. 

Let’s talk about the common visual dysfunctions following concussion. I spoke about 

light sensitivity or photopsia, maybe just a sensitivity to light, but photophobia in its true 

sense are those who just cannot be around certain lights; it’s debilitating.  

Convergence insufficiency. We’ll talk about accommodative dysfunction, ocular motor 

dysfunction, and vestibular ocular reflex dysfunction.  

I know that the next seminar coming forth, we’ll be talking about vestibular dysfunction, 

so I won’t steal their thunder, but I will touch upon the vestibular to ocular relationship.  

Light sensitivity or basically defined as a discomfort to light exposure. In the general 

population, just looking at it from general cohort studies, patients or students, 5 to 20% 

of them are sensitive to light. Maybe those with blonde hair, blue eyes, less pigment in 

their skin are light sensitive. It’s much higher with concussion. 

Students in a classroom will find it very difficult to focus under certain lighting conditions; 

most prominently are the fluorescent lights or the energy-saving CFLs. While they’re 



great for the home and great for the energy bill, it’s horrible for concussion. I often tell 

parents to avoid CFLs or LEDs. 

Computer screens. Sometimes if the computer screens are turned up too high in terms 

of the light intensity, this can be an aggravator as well. 

Technology is great. We have smart boards. I didn’t have smart boards in elementary 

school. I think when they came out with dry erase boards, that was heaven on earth, so 

we didn’t have to listen to the screeching of the chalkboard. Dry erase boards was what 

we had. 

Now there’s these promethium boards, I guess, or smart boards. The contrast and the 

lighting on these can be very, very harsh for those with concussion, especially if the 

room lighting is low, it just exacerbates their symptoms. 

Why fluorescence? Well, there’s a rapid flicker frequency. They run on a certain 

wavelength that will aggravate symptoms. Also, this low wavelength or high intensity of 

fluorescent can trigger or worsen migraines if they’re suffering from chronic post-

traumatic headaches, and sometimes it’s the root of the issue. 

I’ll often say, “Are you getting headaches on the weekend when you’re not around these 

certain types of lights?” and sometimes they’ll say, “No, once I leave the classroom 

things feel good.”  

Many of you already know this, and this may be just preaching to the choir here. 

Fluorescence also have the potential to aggravate other patients. This is not related to 

concussion. Patients who have epilepsy, or what’s called light induced epilepsy. 

Patients who have an extreme amount of anxiety. Those who have autism or dyslexia. 

Those who have chronic migraines that are not related to concussion. Peripheral 

vestibular dysfunction who also have vertigo will also be very sensitive to fluorescence.  

What are some modifications that we can do in the classroom to help these patients? If 

you have big windows, open them. Let more natural lighting in and allow that patient to 

sit closer to the windows. Being away from that fluorescent light atmosphere is just 

going to be a little bit easier on them. 



Allow the natural light to light up their homework, instead of the unnatural light. If you 

have the ability to turn the fluorescent lights off, even better. Sometimes we just can’t do 

that, and we just don’t have that ability. 

Some classrooms don’t even have windows, unfortunately, and we can use fluorescent 

light filters. These can be found online, Home Depot, Lowes is a favorite. Sometimes 

you’ll see these at dental offices. You’ll get tilted back and you’ll see clouds and hot air 

balloons on the top left there. It’s supposed to, obviously, make you feel comfortable 

until you have to get a cavity filled or something. 

Fluorescent lights can be mitigated by filters; different colored filters, the block-out, 

below, wavelength light or some of that flicker frequency; that is we can’t see it, but it’s 

filtering some of that wavelength. 

What do we do about smart boards or promethium boards? We turn those fluorescent 

lights off, and now the screen is that much more bright. There is a dimmer on the 

promethium and smart boards; you can dim the screen a little bit. 

For some of these programs, for some of these monitors, there is a grey scale. For 

those who are tech savvy can basically make the white less bright, and it won’t seem as 

harsh when you’re looking at black letters on a white background. There’s a grey scale 

that it just reduces the contrast a little bit, so patients aren’t looking at that constant 

variable contrast screen. 

Often times, patients and students will have to take a break and they’ll have to go to the 

nurses office. I’ve gone to a number of schools, and have seen the picture on the left. 

We can see the fluorescent lighting, and the lighting just looks a lot different; very sterile 

compared to the picture on the right.  

The picture on the right has that yellow incandescent lighting, which is way more soft 

and less harsh. Patients who are suffering from migraine headaches will benefit from 

the room on the right compared to the room on the left.  

These are pretty easy modifications, and I think if you’re a school nurse, sitting in more 

natural lighting all day will benefit you, too. It won’t be as harsh to sit under. 



Sunglasses can be a really helpful thing. Bono doesn’t do this just for fashion. He’s got 

a million types of sunglasses. I haven’t been to a Bono concert, but I’ve seen a number 

of pictures where it just seems like he’s always wearing a different pair every time. 

He’s someone who’s very light sensitive. In interviews, he’ll respond and say, “I benefit 

from this, because it blocks out certain wavelengths. It blocks out certain lights.” 

A randomized clinically controlled study at the Marin Eye Center in Salt Lake City, Utah 

looked at different tints and how that may be helpful for those suffering from migraines; 

those who just can’t be outside for long periods of time, so they developed what’s called 

FL-41, which blocks out low wavelength light.  

Sometimes gray tints for overall light sensitivity. Rose tints can help with fluorescence, 

LEDs, and computer monitors. When I’m talking about rose tints, this isn’t as bold as 

what Bono has here, but a 15-20% concentration in a tint. Something that’s subtle, but 

something that’s going to reduce some of the wavelengths. Amber, for those patients 

who have lost vision to improve contrast sensitivity; that can be helpful. Also, blue 

blockers, to block out low wavelength light. 

This is just a matter of trying. When patients come in the clinic, I’ll say, “Here’s the 

options that help,” and I’m just laying out the options. I say, “I want you to take these. I 

want you to walk around the hallway, look at the fluorescent lighting, sit down at the 

computer here. Take a look and see what’s going to be most helpful to you. Take a few 

laps in the parking lot. Walk outside with them.” 

Sometimes, there are patients that have to wear the sunglasses indoors. I realize there 

are rules where there’s no sunglasses indoors, but one teacher in a fourth grade class 

did something really, really neat for some of her students. 

This is the class that had three or four students with concussion. I saw all three or four 

of them. What the teacher did in the month of September or October, Friday everybody 

was allowed to wear sunglasses, because it made the other concussion patients and 

students feel warm and made them feel more comfortable wearing the sunglasses, and 



they didn’t feel like they were being judged or fingers weren’t being pointed at them. I 

thought this was a really cool idea. Something to think about.  

There are glasses you can wear inside and outdoors. Transitions XTRActive is a type of 

material that can go in glasses. Some of you may already have Transitions in your 

glasses. When you go indoors, your glasses go clear. When you go outdoors, it turns 

into a sunglass.  

However, most patients don’t get what’s called XTRActive, and I recommend 

XTRActive, because it stays a little bit tinted indoors. The young individual in the top 

right; he’s still inside, and it’s still slightly tinted.  

These also work in the car, whereas regular Transitions do not, and they vary based on 

the different light settings. They’re even darker outside than the traditional Transitions. 

This is something that can be helpful for patients who are already wearing glasses for 

nearsightedness or farsightedness. 

Let’s talk about convergence insufficiency. By definition, this is a sensory and 

neuromuscular disorder. It’s characterized by the two eyes being unable to come 

together if things get too close to them. 

If a book gets too close to you, the eyes can’t cross in and turn in together. The good 

thing is, we don’t hold things at 6 or 7 centimeters when we’re reading something. A 

book sits at about 40 or 50 centimeters, however, it does take a small amount of 

convergence for our eyes to read at that distance.  

Convergence is something we’ll want to screen for. It’s something we want to recognize. 

We also want individuals to be able to understand the symptoms of it. Convergence 

insufficiency’s not just characterized to concussion patients. Up to 6% of the general 

population have convergence insufficiencies.  

Students who may not be great readers, or do not like reading for long periods of time, 

should have their eyes checked to screen for convergence issues. The prevalence is 

obviously much greater, and some of the studies are below if you care to look into it and 

read a little bit more about convergence insufficiency on a research end. 



What is convergence? Convergence means crossing your eyes in. This individual is 

trying to bring a pencil towards his nose. As the pencil gets too close, his left eye kicks 

out. This is a very extreme example. Patients will report double vision once their eye 

wanders if something gets too close. 

In the next couple of slides I’ll elucidate kind of the screening that everybody should be 

able to do. This could be teachers, school nurses, athletic trainers, psychologists. It’s 

very simple. It’s very straight forward. It should be something that everybody should be 

able to recognize. 

Classroom symptoms may include double vision while reading, blurred vision while on 

the computer or reading. For very subtle convergence issues—they may be fine for the 

majority of the day, but after a long day, they may have a lot of eye strain. Like I was 

saying before, headaches that are located but not limited to the forehead or the temple 

region. 

When we test for convergence insufficiency, here are some of the direct findings. We 

should be able to take something small, like a pencil, and be able to bring it to the tip of 

the nose within a 6 centimeter distance. Beyond that is considered convergence 

insufficiency, and this is on a mild, to moderate, to severe scale.  

Someone who can only bring something close to their nose and it hits 10 centimeters, 

while that may seem close, that is still a mild convergence issue. Also, those who have 

an exophoria, meaning their eyes do not stay together; they tend to pronate away from 

each other. It’s their happy place.  

There’s ways of measuring exophorias. Exophorias are in many ways intrinsic of a 

convergence issue, but I won’t get into so much of the ocular motor testing that looks at 

convergence insufficiency or exophorias. 

Testing for convergence issues. We want to use a single target three sizes above 

threshold. If they’re capable of seeing 20/20 on the visual acuity chart, and also 20/20 

sized print at a reading distance, you want to use a target that’s a little bit larger than 



20/20, for example, newspaper sized print. This is 20/40 size—that’s a 20/40 sized 

target. 

It could be a little sticker. You could start at 50 centimeters; that’s basically arm’s reach. 

Ask them, or you can demonstrate, bring it toward the tip of their nose. 

What you’re going to tell them is, “I’m going to move this target toward you. Tell me 

when it goes double, regardless if it’s blurry.” A lot of times students will say, “It’s double 

now,” but they may get confused if it goes blurry, and they think it’s going double. 

“Regardless if it’s blurry, tell me when it goes double.” 

Their near point of convergence is when the student says it’s double, or when you see 

one of the eyes deviate. That’s called their near point of convergence break. Similarly, I 

look at when their eyes come back together when I pull the object away from them from 

their near point. 

I’ll say, “I’m going to pull it back away from you. Tell me when you regain a single 

image.” We call that the recovery. The difference between the break and recovery 

shouldn’t be very far from each other. 

For those who are visual, we have a video. She signed a consent. She said it was okay 

to present this video here. I’m measuring it here. I’ve got a little ruler. I’ve got a little 

stick that has a little ball on it, and then sometimes I have a little “E” for them to look at. 

I’ve turned it around just so you can see what size of letter I’m using. She should be 

able to get all the way up to 6 centimeters, but she’s not even able to get to 15 

centimeters.  

Here’s a more close-up example. This can also be as a sideline screener in addition to 

some of the other tests that [INAUDIBLE] may be using. Whoop, where’s my cursor 

here?  

[VIDEO CLIP] “The ball’s going to come toward your face. I want you to tell me when it 

becomes double. Do not worry about it getting blurry, but when it’s completely 

separated. It went double there. Let’s go back.” 



If you watch his left eye, again, when you’re bringing something to the tip of the nose, 

you’re going to watch for the eyes [INAUDIBLE]. 

[VIDEO CLIP] –tip of the nose, and tell me when it goes double.” “There.” “We’re getting 

about 15 centimeters. Once more.” “There.” 

Again, it’s nice when the objective findings match the subjective symptoms. 

What are some treatment options for convergence insufficiency? Vision therapy. It’s a 

form of physical therapy, or some people would call it vision rehabilitation. Individuals 

will often prescribe Prism. 

Prism is not the ideal choice. It’s a form of glasses that doesn’t fix anything, but allows 

patients to reduce some of their double vision if needed. Prism isn’t for everybody. It 

needs to be carefully prescribed by someone who’s prescribing it quite a bit. 

For exophorias, again, vision therapy. Prism is an option. If the eyes are drifting away 

from each other too much, sometimes getting your pediatric ophthalmologist involved to 

see if surgical intervention is more appropriate. 

In those types of cases, we usually see it as a pre-existing issue. If their eyes are 

wandering a lot, it may tell you that there may be a pre-existing issue that just got 

worse, or decompensated as a result of concussion.   

For vision rehabilitation in regards to convergence issues, there’s a smattering of 

different exercises that vision therapists will employ. Some of you may have already 

been familiar with the Brock String, that’s in the lower left, but there’s a lot of in-office 

exercises. 

The bottom right, this clinician is using a bectogram machine that works on different 

parts of your convergence. Top right, as a single [INAUDIBLE] trainer, same as the top 

left picture, a single [INAUDIBLE] trainer and the clinician is adding different lenses to 

make it easier and harder for the patient. This is just the tip of the iceberg in terms of 

what a patient will experience in the office. 



Strategies for the classroom. Let’s say someone has convergence insufficiency. How do 

we make it more comfortable for them? We can avoid in our lesson near work tasks. We 

could minimize time on a computer. If they are doing a lot of computer or reading work, I 

would advise if they’re on the computer, 15 or 20 minutes. If they’re reading a novel or 

doing homework, give them 10-minute breaks, even if they’re not experiencing any 

symptoms, because once they do have symptoms, then it might spiral into a migraine 

and further visual or vestibular symptoms. 

Extra time on tests, that’s very, very important. Thirty minutes extra, one-on-one, 

outside the classroom without distractions are often helpful. Reduced reading 

assignments, especially problem-solving math homework cut in half would be ideal. 

Receiving class notes, so they’re not constantly having to look up, look down, look up, 

look down, when copying notes from the board.  

Something that’s also helpful is recommending your students to get a book stand. We 

often see these at the library, and these can be very helpful, because they don’t have to 

converge their eyes as much. 

When we converge or cross our eyes, we are usually looking down at the same time, 

and that basically stimulates further convergence based on proximal stimuli. Having a 

bookstand raises their book up, and then they don’t have to converge or cross their 

eyes in as much. That’s something that can be a little easier. They can put their 

notebook there too, and they don’t have to go as far when looking from the board to 

their notes. It’s a little less for their eyes to travel, as well. These can be found on the 

Internet, Barnes & Noble, any bookstore.  

On top of convergence insufficiency, we also see accommodative insufficiency. In other 

words, you could rephrase this as focusing insufficiency. By definition, this is the 

inability for each eye to focus improperly a near target; reduced amplitude of 

accommodation, as we call it.  

This is dependent on age. Your ability to accommodate is dependent on someone’s 

age. Once we get to our 40s, we just have a harder time focusing at a reading distance. 

We start pulling things further away. We start using our reading glasses.  



Those who experience accommodative insufficiency will feel very much like a 50-year-

old or a 60-year-old without their reading glasses; that’s the best way I can describe it. 

Eight percent of these individuals who have convergence issues will also have 

accommodative insufficiency as well, because the convergence and accommodative 

pathway, neurologically, are very similar and they’re affected much the same.  

The direct findings are a decreased amplitude of accommodation, meaning that the 

closer things get to them, the blurrier things get. General symptoms include, like I was 

saying, blurred vision at a reading distance, excessive blinking, eye fatigue after 

reading. 

Interestingly, we find this in the general population as well. You don’t have to have a 

concussion to have accommodative issues. For those who are struggling with reading, 

the prevalence is 8-17% in the general population under the age of 15 based on school 

screenings.  

You don’t have to have just a concussion to experience this, however, if you are already 

suffering from accommodative disorder, it will become more prominent after a 

concussion. 

Clinically, what are the signs? For those who are testing, for those school nurses who 

are screening for accommodative insufficiency, this is measured in diopters. I don’t 

expect anybody to understand how to calculate this formula, but as a general screening 

rule, those who are under 30 years of age should be able to hold something 15 

centimeters away from them and still be able to see it; newspaper size print. 

Let’s see what the next slide is. Instead of being a two-eye test like the convergence 

test was, this is a one-eye test. You’re going to be covering one eye, and asking them to 

still bring the same target that you used before, maybe that newspaper size print letter 

or a small paragraph of similar size.  

With one eye closed, you’re asking them, “When does it go blurry for the eye that’s 

open?” and you’re going to test both eyes. If you can’t get any closer, if they can’t focus 



any closer than 15 centimeters then—or if it’s worse than 15 centimeters, than you’re 

going to want to refer out for an accommodative [INAUDIBLE]. 

Treatment for it is vision therapy. Reading glasses can also help, but it’s like putting a 

the Band-Aid on top of the dysfunction; it doesn’t fix anything, so vision therapy is the 

treatment of choice. 

This scale here will give you the break down based on age. For a 14-year-old who is an 

eighth grade freshman in high school, suffered a football injury, if their amplitude of 

accommodation—if they can’t get to 10 centimeters, then perhaps it’s an 

accommodative issue. Just as a general screener rule, those who are under 30 should 

be able to get to at least 15 centimeters. 

Remember, this is a monocular test. This is a one eye test using newspaper sized print. 

It could be something from a book or a magazine; it doesn’t have to be newspaper. It’s 

measured in centimeters, and then as optometrists or ophthalmology, we convert it to 

diopters and base it on age-related standards.  

We tell patients, “Bring this newspaper size print toward you while covering the other 

eye, and tell me when you can’t focus it anymore, when it becomes blurry.” When it 

becomes blurry, that’s the point where you measure and then compare it to age-related 

normative values. They must be wearing their glasses when they’re doing this test, so it 

doesn’t really give us a lot of good information if they’re not wearing their glasses.  

Other accommodative disorders, just to mention them here; ill-sustained 

accommodation, patients cannot hold their focus for long periods of time. They might be 

able to read for 30 minutes. Everything’s clear, everything looks great, everything’s 

dandy, but after that, they’re focusing will just decompensate.  

Accommodative infacility. Their accommodative system will be slow to make changes, 

meaning they have a hard time focusing from the board to their book, board to the book, 

and vice versa.  



Treatments include bifocal glasses. As funny as they may look, they’re very useful, and 

vision therapy. Their vision therapy will involve a series of different flippers to get them 

to focus the way they did prior to their concussion. 

Modifications. Strategies for the classroom include taking some time off. Your eyes and 

your brain need time to heal. There needs to be some reading avoidness within that first 

week period, but we also need to apply the strategy of exposure, too. After a while, we 

need to get them back into doing some of those reading activities, but on a reduced 

level; reduced reading or computer work, make them take frequent breaks, extra time 

on tests. They must be wearing their reading glasses if they’ve been prescribed some. 

The last one here I want to mention is what’s called an ocular motor dysfunction. By 

definition, again, this is the absence or defect of controlled and voluntary eye 

movements, such as saccadic or pursuit movement.  

Pursuit movement is like following a train on a track, or following an airplane, or if 

someone throws a ball, that smooth tracking movement your eyes make to follow an 

object in space. 

Saccadic activity, you are looking from Point A to Point B, and not so much in-between. 

Basically, if you come to a stop light; somebody who’s looking to the right, to the left, to 

make sure there isn’t any other cars coming. That, in a general sense, is more like a 

saccadic movement; you’re making large eye jumps from Point A to Point B. 

The symptoms involve, they’ll feel that their eyes are moving on a very slow, very 

sluggish basis. Slowed reading and blurred vision, sometimes to the point that their 

eyes feel painful or very, very uncomfortable. 

Sometimes they will feel that the print is actually moving, when it’s really their eyes that 

just have a hard time tracking. They may see things clearly, like on the upper right, but 

things are just wavy. Or they may not see things moving or wavy, but its blurry like the 

top left. 



The signs, from a clinician standpoint. We’ll see hypometric or hypermetric saccadic 

activity. They have a hard time performing that. A slower latency pursuit movement. 

They have a hard time following my finger in an exam room. 

Testing for the physical therapist or nurses. You’ll want to do finger saccades, finger 

pursuits. I wish I had another three hours to go through these, each and every single 

ones, but I’m hoping—some of you have had some experience, and maybe some of you 

have had an extensive a amount of experience with testing for basic pursuits and 

saccades, doing that each motion. Hopefully, I’m preaching to most of the choir here. 

Within optometry, we’ll look at eye movement skills, again; saccadic pursuit movements, 

monocular ductions. Then we’ll try to quantify some of their eye movement difficulties 

with what’s called the DEM, or the Developmental Eye Movement Test.  

Some of you have heard of the King-Devick, and this is for all ages, not just for under 

13. Developmental Eye Movement Test was designed for kids who have reading 

problems as a screening tool. 

The Developmental Eye Movement test will screen for what’s called audicity, meaning 

can they rapidly read off something that’s very, very simple, like numbers and does it 

differ from reading something top to bottom and from left to right. That information, 

those results, give you information on whether this is just a concentration issue, or is it 

really an ocular motor issue. 

The King-Devick test; I have a love/hate relationship with it. We are now getting more 

research on King-Devick, which is what I like to see, since I practice in most of the 

sense, evidence-based medicine.  

This is a good sideline test. It’s quick. For a lot of patients that are coming in that are 

going to be participating in sports, I will do a baseline King-Devick, and then if they are 

having a concussion, then obviously we are doing a post test. 

This is something for athletic trainers to have. The instructions are very simple, and can 

be used in the locker room after they’ve experienced a concussion from the football 



game, or likewise cheerleaders, volleyball players, swimmers who didn’t make the turn 

real well in the water. 

Modifications and treatment for those who are just suffering with eye movement skills, 

the ocular motor issues. Using a ruler to keep their place centered while reading. Again, 

extra time on tests. Reduced reading assignments. 

What’s often helpful is just larger print if possible, or audio. There’s a lot of audio 

available for common English literature and American literature. That is preferable, if 

someone could read to them or listen to it on tape. 

Treatments include reading programs or vision therapy. Often times we’ll start with 

vision therapy, and then get their eyes functioning adequately. If they continue to have 

reading problems, even though their eyes are moving correctly, we’ll recommend them 

to be assessed for reading within the school district or within a private program.  

For reading, these are something you can just find on the Internet. They’re called bar 

readers. It eliminates, basically, the top and bottom lines so it allows them to 

concentrate on what the line they’re trying to read and what the task at hand is. Or they 

could just use a blank sheet of paper and cover up the pictures or what’s below them. It 

doesn’t have to be a bar reader like this. 

Again, a vision therapy program is intended to get their eye tracking, saccadic, and 

pursuit movement skills back to baseline. Different types of instrumentation used. On 

the lower right, we’ve got the Wayne Saccadic Fixator. Essentially on the bottom, a 

rotating peg board. This involves a lot of visual motor hand to eye coordination. The girl 

who just got her braces on in the top right using a Marzen ball. 

There’s a lot of activities that we use to help treat this issue and help patients create 

strategies to understand what their eyes are doing.  

I’ll briefly touch upon this one here, just because I know in the next presentation, they’ll 

be talking about this in a lot more detail. The relationship between the eyes and the 

vestibular is very much synergistic. It’s a reflex eye movement that fixates an image on 

the retina when you move your head.  



When we move our head to the right, there’s a conjugant movement that takes place, 

and our eyes move to the left to stabilize the image that we’re looking at. The vestibular 

system and the [INAUDIBLE] system are best friends; they’re constantly communicating 

to each other. 

Centrally, the vestibular system is located in the back of the brain between the midbrain 

and the cerebellum, peripherally within the inner ear and constantly communicating to 

the eyes all day long. 

If someone’s suffering from a vestibular problem and you’re aware of that, make sure 

that their eyes are also evaluated, too, because they could benefit from both therapies if 

needed. 

Students with a vestibular or ocular reflex dysfunction will experience dizziness, nausea, 

trouble with [INAUDIBLE] movement. They’ll experience what’s called nystagmus 

occasionally. We call that shaky eye. They have a hard time looking at something 

specifically, or fixating on something, especially if things are in movement. 

They will often tell you that they do not like being in the cafeteria because of the 

movement, the hallways, the busses, the playground. What we recommend is we try to 

limit board to desk copying, because that involves a lot of eye movement. We suggest a 

note taking service that the teachers can give out on a modified level for the students. 

Limited time exposed in the hallways or a cafeteria, and allow them to leave early from 

class and be able to eat lunch a little sooner before the madness happens. Proper 

placement in the classroom to minimize head rotation. 

Somebody who’s moving their head a lot to look back and forth across the room; is 

there a specific place that you could put them so they’re not moving their head as 

much? We suggest no gym participation with [INAUDIBLE] dysfunction until they have 

sufficiently passed their therapies. 

For after school activity, for those who are taking the bus, we would recommend 

patients to encourage their parents to pick them up from school, or limit the time that’s 

on the bus. Patients with a lot of motion sickness, vestibular issues, aren’t going to get 



any better riding on a bus with a lot of students and a lot of stop and go; that’s just a lot 

to handle. 

We were often asking ourselves, is this vision or is this a vestibular function? Referring 

to the right person is very important, because a normal vestibular system is predicated 

on a normal ocular ability to function. 

Dysfunctions within the vestibular system are [INAUDIBLE] system may mimic the same 

symptoms somebody would have with a vestibular issue. If someone is having a 

vestibular or balance issue, that the brain is relying that much more on vision to stabilize 

some of their dizziness, vertigo, or blurred vision. We need these patients to be in the 

right hands to specifically look at these individual systems. 

The right team will include a physical therapist, a pediatric or neuro-optometrist; great if 

they’re both, pediatric or neuro-ophthalmology. Somebody who is actively treating 

concussion on a daily basis.  

Physical medicine; sometimes patients just need to reduce migraines before they’re 

even able to start therapies. Neuropsychology; in many cases, neuropsychology, they 

are the gate keepers for where to distribute the care. There’s a big emotional 

component with concussion, especially when someone’s symptoms are not getting 

better after two months, and they thought they could get back to their normal life and get 

back to sports. That is tough on individuals, emotionally. 

From a screen standpoint, concepts for the athletic trainer, school nurse. Those who are 

screening for concussion should be able to do a convergence test. Normal is 6 

centimeters or closer to the nose. You’re looking for double vision and if their eyes are 

deviating outward.  

Screening for patients under 30 years of age. Testing their amplitude of 

accommodation. Remember, this is a monocular, a one eye test. If things get blurry 

beyond 15 centimeters, that’s a red flag.  



Other ocular motor screenings may include just basic smooth, accurate, and pursuit 

tests, or King-Devick tests. The King-Devick isn’t always repeatable, so I take that with 

a grain of salt as we look at the whole picture. 

Just references. Hopefully, you came away with some clinical pearls that will help your 

students in the classroom. You can be a vital player in the recovery for these patients. 

They’re relying on the teacher, not just their doctors who are treating them, but the 

teacher can make a huge difference in the road to recovery. 

Here’s my contact information. I’m happy to take any questions. 

>>Well, thank you. We do have some questions. Thank you, so much, for a great 

presentation.  

Our first question is, is there research that reveals how often the conditions like CIOMD, 

etcetera improve as a result of recovery time without vision therapy? 

>>That is a great question. I’m glad somebody asked that, because time is definitely 

part of the equation. Time is definitely part of the healing process. Incidentally, I don’t 

see patients until it’s been at least six weeks. I’ll take them if it’s been four weeks and 

they need to be seen about it to kind of measure a baseline at that point, but no, there is 

not. 

We are lagging in this area of the research. We know more now than we did five years 

ago. We know the types of conditions that are caused by concussion, but there is no 

test and studies right now that look at just time alone. 

Great question. We know time’s part of it. Time does help with convergence, so with 

some of these milder issues, I’ll sometimes say, “It’s been three or four weeks. Let’s 

give it some more time. If in three weeks things are not improving, you’re still having 

some of the same symptoms or not getting anywhere, let’s revisit some options.” Great 

question. 

>>Typically, you probably wouldn’t start vision therapy before four weeks? 



>>Correct. Right. I’m not saying to jump into therapy. You want to consider some time. 

Four weeks is kind of my cut-off. If someone sees me at two weeks, I say, “It’s too early. 

You need to give it some more time,” because we know time definitely helps.  

>>Great. The next question: if vision therapy is in essence physical therapy for the 

ocular system, why is this practice not typically covered by insurances? 

>>It actually is. Blue Cross/Blue Shield will cover orthoptics; that’s the technical term for 

vision therapy. Some insurances will look at vision therapy, occupational therapy, and 

physical therapy as kind of this umbrella service, and will allow for perhaps maybe 20 a 

year or 30 a year. 

Vision therapy is covered, so I would advise asking the insurance companies, your 

providers. UPNC covers vision therapy services, Blue Cross/Blue Shield, some Aetna 

plans, and some Signa plans.  

It’s very state-specific, unfortunately, but we’ve been very, very blessed in Western 

Pennsylvania to run most of the patients through medical insurance, so they’re not 

paying out-of-pocket.  

>>Great, thank you. The next question: could you share any experiences you may have 

had in treating the visual problems of deaf and hard of hearing patients who have also 

experienced a concussion, as they rely so heavily on their vision for communication, like 

watching a sign language interpreter, things of that nature. 

>>Yes. It’s definitely more difficult when trying to rely information to someone who 

cannot hear a therapist speaking to them, because so much of the therapy in the 

beginning relies on understanding the kinesthetic awareness of what focusing feels like, 

what convergence feels like, and where to point our eyes when we’re doing therapy. 

Most of our patients have pretty good auditory function. Patients who are hard of 

hearing to begin with and then suffer a concussion, we just have to reformulate some of 

the protocols when working with some of these patients. 



We’re giving them written instructions. We’re demonstrating with them as if we were the 

patient doing the exercise themselves, so it definitely becomes a more challenging 

opportunity to help these patients. 

Luckily, the patients that are already having an auditory deficits, don’t have a huge 

problem picking up on some of the vision therapy exercises, because most of the 

therapy is visual versus cognitive. 

I wish I could answer more about that in more detail, and I’m happy to answer that 

through e-mail as well. 

>>Thank you. Next question: what are your thoughts on the use of pencil push-ups to 

improve convergence insufficiency? 

>>Great question. Pencil push-ups used to be the gold standard. It’s pretty easy, it’s 

cheap. Anybody can do it anywhere.  

The Convergence Insufficiency Treatment Trial Study back in the late 2000s, when they 

did a randomized study that looked at pencil push-ups compared to in-office therapy in 

addition to home therapy, they found that pencil push-ups are good, but there is some 

recidivism that takes place after pencil push-ups. Once they have succession with their 

therapy, once they stop therapy, they regress a lot more. 

Patients who go through an in-office program that are able to go through gross 

convergence, step vergence, smooth vergence, and basically go through the therapy 

process to improve all levels of convergence; those patients regress less than just 

pencil push-ups. 

I definitely put pencil push-ups in a patient’s therapy program, because you’ve got to 

start somewhere, and that’s very easy to understand gross convergence, but there’s a 

lot more that needs to take place than just pencil push-ups. 

I kind of cringe when someone says pencil push-ups as the main form of therapy. It 

works, but it’s not effective for everybody, and perhaps plan for some recidivism. Great 

question. 



>>Thank you. The last question that we have is: can you tell how you’re using the King-

Devick test as a screening tool without a baseline? 

>>That’s a great question. Gosh, throwing some hard ones at me. I think like anything, 

there are some age-related normative values for King-Devick. We compare them to 

age-related values for patients who haven’t had concussion compared to other people, 

but one person’s baseline is going to be much different than somebody else’s baseline, 

so we take that with a grain of salt. 

If they don’t have a baseline we still use it, but I don’t use it as [INAUDIBLE] of “Yes,” or, 

“No, you have a concussion.” That’s why early intervention is the bottom line; that’s just 

more essential. 

Unfortunately, we have to use what we have, and on top of King-Devick have a full 

binocular, vision, and sensory motor workup to assess is there really a visual issue 

happening, or do they just have a hard time doing King-Devick. Great.  

>>Thank you, so much, Dr. Steinhafel and everyone for attending today. This webinar 

today will be archived and available online. If you are interested in setting up a 

concussion management team focused on Return to Learn within your school district in 

Pennsylvania, please go to our website: www.BrainSTEPS.net. You can get all of the 

information about what that entails online, but it is a free service that’s available to all 

school districts in the state of Pennsylvania under the BrainSTEPS program. 

Thank you, very much. Have a good day. 

 


