
BRENDA EAGAN BROWN: Welcome to the BrainSTEPS sponsored training that we are going to have 

today called Pediatric Traumatic Brain Injury: Ages 0-5.  Before we begin, I just want to tell you a little bit 

about the BrainSTEPS Program.  I know a lot of you here are BrainSTEPS team member [inaudible] have 

different video sites across the state.  But for those of you that aren't familiar with BrainSTEPS, I want to 

make sure that you leave this training and have a good understanding.  My name is Brenda [inaudible] 

and I am the state program coordinator for BrainSTEPS.  And we are just so happy that you all are here 

today.  So I just want to run through and tell you what BrainSTEPS teams are and what are the return to 

learn concussion management teams.  So if your school does not have a concussion management team 

you can learn exactly what they are and how they can benefit your school district.  BrainSTEPS was 

created by the Pennsylvania Department of Health in 2007 and we are jointly funded through unique 

partnership solely by the Pennsylvania Department of Health and the Pennsylvania Department of 

Education, Bureau of Special Education via the PaTTAN Network.  The program BrainSTEPS is 

implemented by the Brain Injury Association of Pennsylvania and next year we are starting our eight 

academic year.  We have 31 BrainSTEPS teams.  Most of them are based out of the intermediate units.  

We also have two large school district BrainSTEPS teams.  We have 290 brain injury school consultants 

across the state sitting on our 31 BrainSTEPS teams and they are comprised of education professionals, 

medical and rehab professionals, and family members.  This is a listing that shows you all of the 

consultation activities that our BrainSTEPS teams regularly perform for any student that has sustained a 

brain injury acquired after birth.  So at any point in time, if they have had a brain injury, after the birth 

process, BrainSTEPS can get involved.  It can be a brand new injury coming out of the hospital, or it can 

be an older injury maybe the child was two and now they're 12 and experiencing issues at school.  This 

includes injuries from traumatic injury--traumatic accidents like car accidents, sports concussions, any 

kind of concussion really, also brain tumors, strokes, aneurysms.  So if you have any students in your 

school that are experiencing any educational impacts whether it's academic, social, behavioral, or even 

physical BrainSTEPS can help ensure that everything is appropriately planned out for that student's 

education.  And the best part about BrainSTEPS is we follow a student annually until they graduate.  And 

the reason for that is because as children's brains mature and develop, they aren't fully matured and 

develop until around the early to mid 20s.  So as the years go on, as the--as the areas of the brain that 

were injured mature and develop and maybe are called upon during maybe middle school when higher 

order thinking skills are called upon, well if that child has a prior frontal lobe injury, it may not manifest 

until later in time.  So the BrainSTEPS team wants to make sure that we follow these students until they 

graduate and help them with their transitioning.  Now the concussion management team model is unique 

in Pennsylvania.  This is considered the national model.  We're really excited about it.  What it is is we 

currently have and this number should now be 655 concussion management teams in the school districts.  

So these are separate from BrainSTEPS teams.  So many of you here may have school districts that 

have established concussion management teams and they monitor students especially during that crucial 

four-week period, that initial four-week period prior to making a referral to BrainSTEPS.  So this is the only 



type of injury concussions that BrainSTEPS puts a time limit on when we can accept a referral and we 

take them at four weeks because if a student hits the four-week mark, they probably are going to linger in 

their recovery and it may be a little bit more complex so that's when we get involved.  Ninety percent of 

concussions are going to recover in that first four weeks so we teach schools how to manage them.  First 

layer and second layer of support.  It consists of two monitors and academic monitor and a symptom 

monitor.  And again we have now 655 return-to-school concussion management teams and this is all 

within the past year.  So we're really excited that our school districts across the state have taken 

advantage of this training opportunity and monitoring to a package that they receive.  This is where you 

can register to have a concussion management team at brainsteps.net.  You form a team then you 

receive information on how to watch the training online, totally online, you don't have to go anywhere for it 

and it's really an exciting program.  And then if you have a student referral that you want to refer to 

BrainSTEPS, if you go to our website brainsteps.net here at the top in the orange-yellow section, this is 

where you can make an online referral and it goes directly to the correct BrainSTEPS team leader in the 

region.  So we really, really made it simple for you.  And then if you have any information, this is my 

contact information.  You can call or email me at anytime with any questions and I'd be more than happy 

to answer them.  So now I am going to introduce our presenter for today.  But first I'm going to get up his 

slides.  Dr. Stephen Hooper is an associate Dean and Chairperson of the Department of Allied Health 

Sciences at the University of North Carolina School of Medicine.  He's a tenured professor in the 

Department of Psychiatry and a clinical professor in the Department of Pediatrics at the University of 

North Carolina School of Medicine.  A clinical professor in the School of Education and a research 

professor in the Department of Psychology at the University of North Carolina at Chapel Hill.  He is a 

fellow at the Frank Porter Graham Child Development Institute and holds a clinical professorship in the 

Department of Psychiatry and Behavioral Sciences at Duke University Medical Center.  He obtained his 

doctoral degree at the University of Georgia and completed a clinical internship in the Departments of 

Psychiatry and Pediatrics at Vanderbilt School of Medicine and a post doctoral fellowship in Pediatric 

Neuropsychology at Brown University School of Medicine.  Dr. Hooper is a member of numerous journal 

editorial advisory boards and he reviews regularly for other major journals in the field of child 

neuropsychology, school psychology, clinical psychology, developmental disabilities, pediatrics, and child 

psychiatry.  He is widely published in the area of child neuropsychology including a number of studies on 

pediatric brain injury.  He is also the author of 15 textbooks and he is a very good friend and colleague in 

the field of pediatric brain injury.  We have had Dr. Hooper here in the past and of all the trainings that we 

have held his is one of the most beneficial based on the evaluations that everyone has provided.  So Dr. 

Hooper.  Here's the clicker. 

DR. STEPHEN HOOPER: Good.  Oh, well good morning. 

AUDIENCE: Good morning. 



STEPHEN HOOPER: It's very nice to be back to Pennsylvania.  I am a Pennsylvanian at heart growing 

up in Altoona so I'm right down the road so in many ways.  And I still have family in Harrisburg and in 

Altoona so it's always, always nice to come back to Pennsylvania.  You're really lucky to have Brenda 

here in any respects because of the BrainSTEPS Program.  It is a program and its evolved into being this 

very, very formidable force in the area of pediatric brain injury and I don't know how lucky you guys know 

you are to have that and yes it is a program that it really is on the back of Brenda.  She's the one that's 

been the driving force of this.  And so I think we should get Brenda a round of applause here.  Very, very 

well deserved.  The other really nice thing that happened this morning as we were waiting for the cab, I 

was really happy to see that Brenda didn't have any aneurysm herself waiting for the cab over the last 

hour.  So very nice.  My job today is to talk to you a little bit about traumatic brain injury in a preschool 

child.  And for me, traumatic brain injury during this developmental period, you know, it's important to 

understand the brain injury component and we're going to talk a little bit about that but I really think it's 

important to understand child development.  And I understand that I'll be preaching to the choir a little bit 

because there's a lot of early childhood folks in this audience and across the other sites, but I can't 

emphasize how important that is.  The interaction between the child development, the brain development 

and then the subsequent injury that can occur becomes a very complex interaction that's very, very 

critical in understanding the consequences of traumatic brain injury during this developmental period.  So 

for starters, slide.  Can we switch slides? 

BRENDA EAGAN BROWN: Yeah. 

STEPHEN HOOPER: All right.  How many people can remember your first birthday?  Raise your hand if 

you can.  Probably not.  Okay.  There's a reason for this.  Okay.  There's a reason for this and it has to do 

with the myelination of the brain region responsible for memory.  Okay.  It's no accident that people's 

memory start to kick in around two, two and a half, because that's when that brain region develops.  

Okay.  Very important.  What else for your developmental folks?  When did children begin to gain verbal 

control over their behavior?  What I mean by that is when did children look at the cookie jar, and say, "I'm 

not supposed to have a cookie.  Boy, I really like one, and I'm going to take it anyway, or I'm not going to 

do it."  They make a decision.  When does that happen?  Anybody know, any guesses?  Just shout it out 

if you think you know.  So we have a shy group today. 

AUDIENCE: Three something. 

STEPHEN HOOPER: Two and a half good, three something.  Anybody else?  Answer is, if this will work.  

About three and a half.  So what happens is with kids developmentally before the age of three and a half 

or about that time point, it's not precise, there's a range.  What happens is, is that kids can know the rule 

but they may not connect it to their behavior.  I'll give you an example.  When my daughter was younger, 

very young, she was an 18 months and what she would do is that she would come into our bedroom and 

put her hands up on the clock radio and push all the buttons.  Okay.  Now what do you think that--well 

what happened is that she would shut the alarm off, she would change the time, it would go from music to 



that horrible buzzer sound.  It would be very, very loud or beyond that the volume would be all the way 

down.  So one of the things that my wife did, she would always go, "No, no, no."  That was the one thing 

my daughter was told no even now that she's 22 just no, no, no is probably the only thing she hears no 

for, but I came home one day and she's about 18 months and she's playing at the clock radio again and 

then she'd stop and she go, "No, no, no."  "No, no, no."  And then she played.  It was a beautiful example 

of sort of the rule being there, right?  But she didn't have control over the behavior because the impulse 

was still there to do that, she couldn't control her impulses.  It's also I believe, I believe and this is 

anecdotal because there are no data to support this, it's the reason why stimulant medications don't seem 

to work as well with preschool kids because a lot of those kids haven't hit this developmental level yet.  

And I believe if you look--anybody looking for a research study to do that one would be really good that 

the rates of stimulant medications for preschoolers, for hyper activity and pulsivitiy is about 50%, okay.  

And my guess is it's not 90% like school-aged kids because we have a developmental factor here that 

has not been taken into account.  Okay.  What else.  When did children climb stairs using alternating 

feet?  That's a hard one, isn't it?  About three years of age, okay?  That's when they go up left, right, left, 

right, left, right.  All right.  When did children use two to three word phrases and asks questions?  

Guesses?  Thirty months of age.  Somewhere in that that 24 to 30-month age is when it starts to emerge.  

What else?  When did children have at least 50 words in their receptive vocabulary, the receptive 

vocabulary?  Guesses?  Okay.  About 18 months.  Okay.  About 18 months.  When can children drink 

from a straw, can stab with a fork?  Guesses?  About two years of age, somewhere in that 24-month 

period.  Okay.  True or false, the average newborn's brain uses close to 75% of available energy from 

caloric intake?  Absolutely true, they're burning it.  They're burning it up if they're active.  Okay.  

Especially.  So why is all this important?  Well these are things that especially for you early 

developmental folks, probably you have these milestones in your own way, sort of hardwired into your 

understanding of children so that when you see them, you can then begin to think about where they are 

developmentally and how they plug into the curriculum and how you're going to then in turn work with that 

child in that family in terms of their developmental skills and developmental attainment.  You disrupt these 

processes, all these developmental milestones get off kilter sometimes they never get attained, 

sometimes they get attained but in a very different or perhaps deviant fashion from a developmental 

perspective and brain injury is one of the ways that all of these things can be disrupted from the very 

beginning.  So I want to at least start with some definitions about brain injury and then we're going to sort 

of swing back and start looking at it's application to preschool and as some of you may have heard me 

say this before if we--if you've heard me talk but, you know, what did they tell Dorothy when she said, 

"How do I get to Oz?"  And there's a famous part that is, what?  Follow the yellow brick road.  Do you 

remember what the guy told her before that?  He said, "Well, it's simple my dear, you begin at the 

beginning."   All right.  You begin at the beginning, follow the yellow brick road.  So we're going to begin at 

the beginning with the definition.  And this is the definition, the working definition from the Brain Injury 

Association of America.  This is an acquired brain injury which is not hereditary, congenital, or 



degenerative or and this is an important one induced by birth trauma.  I think a birth trauma injury is a 

brain injury.  Okay.  By this definition it is not and many definitions across the state don't do this--use this 

definition.  But I'm going to show you one where things have changed.  An acquired brain injury is an 

injury to the brain that is occurred after birth, commonly results in changes in neuronal activity which we're 

going to talk about today, and affects physical integrity, metabolic activity with the functional ability of the 

cell.  So at the level of brain injury, this is where it begins and so you've got to have just a little tiny 

functional working information about that.  It may result in an array of severities ranging from mild to 

severe, or it can be in one or more areas.  And this is where we begin to talk about outcomes of brain 

injury, memory, attention, reasoning, et cetera, okay?  Think about how those things apply to little ones, 

the memory capacity of the--of the little ones can be different than a school age kid.  Attention, and 

preschoolers are squirrels in a tin can some days, right?  Just to sort of get them situated, what's one of 

the things that you'll see in a preschool classrooms especially with the boys?  One of the things that 

happens physiologically with little kids is the center gravity shifts as some of you may painfully know it 

goes from here down.  So then as you get older, all of our center of gravities are sort of down here, right?  

But when you're younger, your center of gravity is up, so what do you see?  A lot of scooching in seats, 

they maybe there, you know, the tongue is going, so they got a lot of stuff going.  And then as you get 

older and girls get there before boys and it's early, it happens about first grade.  Center of gravity starts to 

drop and so girls then can sit there, boys are still wiggling in first grade.  Okay.  But knowing these things 

about how things develop, they can be very disrupted by brain injuries.  So even something like attention 

or the behaviors that are associated with attention can look very different in a preschooler and you have 

to understand what it looks like in a typical preschooler before you can be thinking about what is array.  

This is the special education definition and again this follows the brain injury definition a lot.  Acquired 

injury to the brain caused by an external physical force and you get total or partial disability or impairment 

and it affects in this instance, the child's educational performance.  Now for preschoolers, again, this 

becomes tricky because, you know, we're really at a pre-learning time for pre-reading, pre-math, and 

many instances unless the kid is approaching or in kindergarten, but the fact of the matter is, is this 

becomes an important component and what we're really talking about is where are they with development 

in the pre-academic area.  Again, open or close head injuries.  I was telling Brenda, we're not going to 

spend a lot of time talking about these differences because that's a whole other day and some of you in 

the BrainSTEPS, many of you in the BrainSTEPS program will get these differences.  But again, here's 

this array of things.  This is what we're looking for, an outcome that should dictate what we're looking for 

in our assessments and it should dictate what we're looking for for our rehabilitation and educational 

interventions.  And again, it does not apply to injuries that are congenital or degenerative or brain injuries 

induced by birth trauma which you know why this is in here, does anybody know?  It's a very simple 

common denominator that affects every single one of us in education on a daily basis, its money.  It's 

money.  This is why it's not in there.  The original definition by IDEA in 1990 actually included birth trauma 

and when they finally looked at the numbers of kids that it would include, they said, "No, no, we can't pay 



for that."  So they instituted this.  Now that was a bureaucratic decision that was fiscally made, it has 

nothing to do with brain injury or not.  So understanding that part also becomes very important because 

there are some states now rising rapidly to actually change that perspective.  And I'm not sure what 

Pennsylvania's definition is. 

BRENDA EAGAN BROWN: We follow the federal. 

STEPHEN HOOPER: You follow the federal and, you know, the nice thing about the federal definition is 

as long as you're in line with the federal definition, you can still get your federal dollars but you can 

change it, you can make it more liberal if you want.  We've done--states have done that, North Carolina 

has done that.  I think Colorado has done it, Minnesota, Indiana, North Carolina, we have just worked to 

change the TOBY definition and it's weird because it's a, we have--we can't change the name of it 

because if you change the name of it then you risk losing federal dollars but we have TOBY with an--with 

an ABE definition, an acquired brain injury definition.  And again external force or by an internal 

occurrence which opens up the whole idea of stroke and aneurysm and tumors, and again total or partial 

disability, and again the child's educational performance may caused or be include things like open or 

close head injuries and here's where it gets different, cerebral vascular accidents, infections, kidney or 

heart failure, electrical shock, anoxia, tumors, metabolic disorders, toxic substances, or medical or 

surgical treatments.  We have blown the door off the definition in North Carolina.  And for better or for 

worse I have to do a state Weimar there on how this is going to impact practice, because we're all getting 

a lot--already getting a lot of questions.  And guess where they're coming from?  They're coming from the 

preschool folks [inaudible] I got this kid were asking the questions and I'll said, "Oh, well this kid had a 

stroke right after they were born, gosh, can we think about this child as traumatic brain injury?"  Well in 

North Carolina, you now can.  Again about a half a dozen other states.  We thought we were going to get 

a lot of blow back on this from folks and actually we didn't.  They've actually appreciated that because a 

lot of these kids in North Carolina were being served under the category of other health impairment and 

what this allows is a little more precision in terms of why the child is getting service.  It can occur in a 

single [inaudible] we also brought in the idea of concussion into this definition which is included but the 

fact is is that if you had multiple concussions you're at greater risk for more concussions and greater brain 

impairment if you're not careful.  So we're going to be--I'll keep you posted on this but know that we're not 

the only ones that have done this.  Oh, we'll see how it goes but again no feedback from--we--like 

Pennsylvania or any state, we had to send this out for review.  It took a year to get this revision written 

and that with comments and so we'll see what happens, but my thinking is a brain injury is a brain injury 

whether you've gotten it in a motor vehicle crash or whether you've gotten it from a baseball injury, or 

whether you've had a stroke.  Now there's different dynamics associated with those types of injuries but 

they're still brain injury.  So we'll see.  Well, we're really excited to see what happens.  What else in this 

definition?  Again, we wanted to get in there, this myth that you have to have a loss of consciousness to 

have a brain injury.  And I know Brenda has been working on that with her concussion program but, you 

know, you don't have to have a loss of consciousness to have a brain injury.  And the fact of the matter is-



-any football people here?  No?  Okay.  Probably a bad, bad analogy then but the bad story to tell but 

there's a--the guy that won the Heisman Trophy two years ago Johnny Manziel from Texas A&M and the 

play that sort of put him on the map, you know, he got--he got slaughtered and he's a quarterback and he 

got really, really hit hard like on the five-yard line.  And then for the next five minutes he had the 

spectacular plays where he was running all around the field and jumping, you know, jumping over tacklers 

and it was just phenomenal and this is what brought him to the limelight and they took him over to the 

bench and they sat him down, everybody was patting him on the back and he said, "When do I go back 

in?"  He didn't know what he'd done.  He has no memory for this time period where he actually had a 

pretty significant concussion and then he realized that they sat him down, he didn't play, but he was pretty 

functional during that few minutes of time, he's just lucky he didn't get hurt again.  So we wanted to bring 

that piece in.  And again, we wanted to highlight these areas of sort of need, assessment areas to think 

about with respect to rehabilitation and intervention and in preschool early intervention, and again the 

degenerative part is not there but it can include injuries induced by birth trauma.  So we've opened it up 

pretty widely.  All right.  So as you might imagine, TBI can have a pretty significant impact on the lives of 

anybody, you know, who sustains a brain injury but the years between birth and five are really critical 

because of a number of things.  This is a really, really rapid time of development of all kinds, you've got 

marked periods of brain growth in brain growth in terms of size and weight of the brain, and even the 

configuration of the sulci and the gyri change during this time period.  The number and quality of the 

neuronal connections improves, the speed of processing in the brain increases.  I'm going to talk a little 

bit about that.  And it is the reason why these critical milestones that we sort of were starting with today in 

terms of questions begin to emerge because the brain is developing.  If there's a--if there's a 

maldevelopment of that brain or an injury that disrupts that, these types of things are not going to show up 

or they're not going to show up on time or they're going to show up in a very different way.  All right.  So, 

you have different things that can happen with a brain injury during this time period.  There is a wide 

range of outcomes that can occur.  If you truly had a brain injury and not a head injury, we've all had head 

injuries, preschoolers get head injuries probably on the playground everyday or in the classroom when 

they bump heads.  Head injury is not necessarily a brain injury but if they've truly had a brain injury, you 

can have all the way from mild transient difficulties for very specific things for short amounts of time like 

attention or you might have something at the other end of the continuum related to pretty significant 

severity and pervasive disabilities.  Importantly, and there's a reason for this that will talk about, there's 

some sense that if you get an injury before two years of age that actually may be worse than getting it 

after two years of age.  And so, knowing when that injury occurred in the development--the preschool 

developmental period becomes very important.  In general, though, if a child gets a brain injury anytime 

during this developmental period, you're probably going to have some long-term functional deficits.  

Many--and if it's a moderate to severe injury, in particular, and the other part of preschool is that 

sometimes injuries lie silent.  And what I mean by that is if you look, and we're going to talk more about 

this, but when you think about a frontal lobe injury, okay?  This part of the brain, you get a frontal lobe 



injury.  What happens is this is the area of the brain that is sort of regulatory for your day-to-day function.  

In the preschool classroom, who is the frontal lobe? 

AUDIENCE: The teachers. 

DR. STEPHEN HOOPER: The teachers and at home it's the parents.  Right, you're the regulator for the 

most part.  As kids move through school, however, what happens is is that regulatory function shifts more 

and more to them.  So, as that shift begins to occur, you may start to see injuries that were there now 

starting to emerge.  Not because they're necessarily new--they're new problems but they're new 

manifestation of the problem, okay?  So, when the--when it shifts and you don't have the teacher or the 

parent guiding that, you may actually see increased sort of problems that weren't there before.  So, this 

was our schedule of the day.  That was just to sort of give us a start on where we are and we're going to 

modify this schedule where our intention is still to get you out of here at 3:00 and we'll work through this 

and get there on time.  But what I want to talk about for probably the next hour or so is sort of this brain 

development and issues related to early injuries.  We're going to spend the rest of our morning talking 

about sort epidemiology and causes and functional outcomes in preschool.  Hopefully, we'll have some 

time for questions.  We'll see where we are in the--in the outline but hopefully, we'll still have the hour for 

lunch otherwise we may make it 15 minutes instead of an hour.  And then, I'm going to come back and 

talk about the neuropsychological assessment perspective linking it to sort of outcomes and cognitive 

functions and then we'll have some time for implications for the early childhood professional.  So, let's 

jump into brain development and issues related to early brain injury.  There is a question that you hear 

from time to time where people say if you had to choose when you're going to get brain injury, when do 

you get it?  Do you get it when you're younger or do you get it when you're older? 

AUDIENCE: Older, older. 

DR. STEPHEN HOOPER: Older?  Anybody else? 

AUDIENCE: Older, older. 

DR. STEPHEN HOOPER: Older?  So, that seems to be the consensus.  It's actually a trick question.  You 

don't want to get brain damage. 

AUDIENCE: Yeah. 

DR. STEPHEN HOOPER: All right.  You don't want it.  But there is a principle, so called principle, called 

the Kennard Principle.  And what the Kennard Principle says or said is that there's a negative linear 

relationship between the age at brain injury and functional outcome.  And what that means is is that injury 

sustained earlier--during earlier developmental periods, generally are better compensated than equivalent 

lesion sustained at a later age.  Okay?  So, the reason for that--the reasoning for that is that if you have a 

younger brain, there's a lot more room for growth and this concept, the plasticity, and Margaret Kennard 

is the person who did all of this work, looking at brain plasticity.  She really advanced the science of it 



back in the '30s and '40s and basically, plasticity is, you know, sort of the brain compensating for areas of 

lesion or impairment.  Okay?  And this is what you hear if you watch 66--60 minutes or 20/20 where those 

say, "Oh, well, we took out the left part of the brain and the right part of the brain just picked it up."  

Probably not true.  It's an over exaggeration of plasticity in many ways.  But the work of Margaret Kennard 

with her animal work actually sort of drove a lot of those findings.  The problem is is that Kennard's work 

was really quite extensive and quite complex.  She never talked about a principle like this.  This was a--

this is a belief and not a fact, okay?  Which is very interesting because it's sort of like how people rewrite 

history to make it their way, all right?  Well, this is sort of what happened here and it all came from a 

scientist named Hans Teuber who was also the dramaturge for a theater company.  And so, he took 

some of her work and then popularized brain injuries in his theater work and their effects.  And he's the 

one that actually reduced all of her work down to the Kennard Principle.  Okay?  So, this was neither a 

principle or a theory that was ever advanced by Margaret Kennard.  But it still is alive today when people 

talk about the Kennard Principle, basically, the earlier you get it, the better off you're going to be.  What 

we know is, in fact, that when you look at the animal literature, if you get a lesion at an earlier stage, in 

many ways, you get more stuff that's not right, okay?  Than lesions of a similar size and location in adults.  

All right.  So, getting it earlier is not good.  Early lesion can lead to extensive neuro-reorganization.  We 

do know that.  There are studies showing that you get the branching of the dendrites and the axons 

following an injury, however, even with this, which is where a lot of the plasticity literature goes to, some 

studies have shown that the extent of these reorganizations may be inversely related to how well you're 

doing.  So, the more your area is reorganized, the less functional you're going to be.  So, not only do we 

see something's happening, sometimes, I mean, it--the idea of plasticity isn't at benefits but sometimes 

the reorganization may mean that you actually have more behavioral disorganization in your function.  

What is important here are these two points, what we now know is that the degree of deficit that you get, 

if you--if you take anything away from this talk today, take away these two points, okay?  And that doesn't 

mean you can take a nap after this but the amount of disruption you will see occurs with the timing of the 

injury, occurs with the timing of the injury in relationship to what is in developmental ascendancy at that 

time.  So, if you are one year of age, think about some of those examples I gave you earlier, you know, 

when kids get those two to three word phrases and ask questions, right?  When that happens, if you get 

an injury during that 18-month time period that's--the language is in developmental ascendancy at that 

time point.  So, language functions are going to be more vulnerable to disruption.  If you are six months of 

age and you've not yet started to walk and most kids have not because they start to walk at? 

AUDIENCE: Twelve. 

DR. STEPHEN HOOPER: Around 12 months of age.  So, the fact of the matter is is you get a disruption 

of those motor functions because a--during developmental ascendancy.  Okay.  So, you have to think 

about when that injury occurred and developmentally, what was happening with that child assuming all 

the things being equal, that they were moving along in a--in a reasonably developmental acceptable 

fashion.  What was happening for that child at that point in time?  Okay?  That is very critical on 



understanding sort of the impairments that you may see and the downstream effects that you might 

expect when the child moves into later preschool and school-age years.  The other part of it is is it's 

probably not just one thing.  What happened to my slides? 

AUDIENCE: Here they are.  Okay. 

DR. STEPHEN HOOPER: Brenda.  The other thing is is that these are not--it's not just a thing but it's 

complex.  And so, it relates to how severe the injury was.  So, as you might imagine, a more severe injury 

is going to be more disrupted than a milder injury.  The timing or age of the insult and what kind of 

environment is that kid in?  It does matter, early intervention does matter.  And if you guys know that, who 

do this work, and it's important, it relates to early identification as well.  This is not a situation where you 

say, "Well, let's wait and see."  That you will hear sometimes from some of our colleagues.  These factors 

can either be independent in their effects or they interact or you may actually see something where two of 

them together may make things really worse than either one of them alone, the synergistic effects.  So, 

having a mild to moderate injury in a really horrible environmental situation where you have abuse and 

neglect and poverty and no access to early intervention or resources is going to be a whole lot different in 

that same injury, potentially, in a child where they're getting services and they're getting early intervention.  

So that synergistic component is just very, very important in terms of how it's going to influence not just 

recovery but ultimate outcome.  Okay?  So, it's not just earlier is better or worse, it's that we have this 

point of developmental ascendancy when the injury occurs and these other really important factors of, 

you know, the age, the insult severity, the environment, and how those things then combine or not, all 

right?  So, thinking about those two pieces when you look at preschool kids becomes very, very critical.  

Now, physiologically, compared to school-age kids, just how the little guys are built makes a big 

difference.  It makes a big difference.  The anatomy of infants, toddlers, and preschoolers actually makes 

them vulnerable to the negative effects of TBI.  Why?  Because of their body mass issues, their heads are 

proportionately larger.  It is the reason why when you pick up a baby, you put your head--your hand under 

their head otherwise what happens, the head just flops back because they don't have any neck muscles, 

okay?  Neck muscles aren't strong enough to protect the head.  So, at the simplest level, if you don't 

support the head, it'll fall back especially in a newborn but it's also the reason why if you have shaken 

baby syndrome or the current terminology is abusive head trauma, what happens is is the head shakes a 

lot because the neck can't sustain that force especially in the younger kids.  And you end up having 

disruption because the head's moving more than it needs to and the brainstem then is vulnerable.  The 

other part is, as we've began to talk about, the brain is still developing particularly with respect to those 

neuronal connections and its complexity.  Okay.  The sulci, and the gyri, and the myelination, all still 

coming together.  The brain and the skull are in ongoing development.  At this point in time, the skull was 

thinner, okay?  [inaudible] over time and it's more [inaudible] you have five fontanels.  Do you know what 

the fontanels are?  Fontanels are--people refer to them as soft spots and the one that most people are 

familiar with is especially if a baby doesn't have any hair, is the one right here and the--and the center that 

lobe, frontal area that you can actually see sometimes with the thinness, the pulse if there's no hair.  Baby 



has a lot of hair, you don't see them as much but there are two in the back, there are two in the temporal 

region and then you have this one in the front and they then progressively close.  The--these posterior 

ones and the media ones in the temporal regions actually close pretty quickly.  They close pretty quickly 

before the age of two but this one in the front actually doesn't close until about age four or five, okay?  

Now, the good news is is that those fontanels also can be protective.  So, if you do have a head injury for 

a little one where the fontanels are not closed, what happens is is the fontanel shift.  Okay?  But that 

actually absorbs the force so it doesn't get to the brains.  Well, actually it's a protective factor, it's also 

there.  The fontanels--the fontanels are there so that you can accommodate the brain growth and the 

head circumference.  So, when you go in to see the pediatrician, you know, they measure the head every 

time, that's what they're measuring and making sure that it's--that the head is growing the way it's 

supposed to.  So, the skull response differently to TBI.  It makes it vulnerable in certain areas but also 

conserve a protective factor.  I mentioned that the sulci and the gyri have not formed fully and that the 

younger the child, the more smoother that brain looks.  The brain of a two or three-year-old looks very 

different just looking at it and then the brain of an adult would look like.  You also have lack of myelin from 

many of the neuronal fibers and you also have this, a large, shallow subarachnoid space and this is just 

what they refer to as a watershed area that sits right above the brain or the pia mater and what goes 

through there is cerebrospinal fluid.  And the cerebrospinal fluid actually serves as a protective sort of 

force and structure and these guys have a large one but shallow.  So, they--it actually does not have the 

same protective factor as it does as you get older.  This is an adult brain looking from the bottom up.  

Obviously, this person is not with us anymore.  But it is sort of what a real brain would look like in a sort of 

middle-aged individual.  My wife asked me not to show this one.  She said, "Look, what are you doing to 

that little baby?"  This is sort of the brain inside a youngster and the fact is if you look at it, the 

differentiation is just not quite as much as it--it's going to be or what it would be if you compare it to an 

older child or adult.  I said no babies were hurt during the filming of that.  So, let's talk about the neurology 

here a little bit because I do think you've got to understand the development and you've got to understand 

just a little bit about the neurology.  It doesn't mean you're all going to leave here being neuroanatomists 

and having functional skills, but knowing that the damage can occur all the way down to the cellular level 

becomes very important because there are implications for behavior even at this level.  So, let's just start, 

again, as the Mayor of the Oz said at the beginning and let's start with the neuron.  And this is the basic 

cellular structure which contributes to how nerve impulses are transmitted, okay?  And these nerve 

impulses are in the complex network where a lot of them are interconnected.  There are lots of these 

things, hundred and eighty billion of cells, fifty of which transmit and receives sensory motor signals.  If 

you are a gorilla or if you are a cat, that would be a bigger number because they tend to be more sensory 

motor.  Fifteen thousand have direct physical connections with each other in that central nervous system.  

Neurons have been said that they can be modified by experience and they have said to learn, remember, 

and forget as a result of experiences.  All right.  So, the fact of the matter is is that a good environment is 

going to contribute to neuronal growth, a poor environment will not.  We do know that.  Neurons can 



relearn such as much as you get with the plasticity concept.  There are some great studies where children 

are born without vision.  And so, if I took your--you and put you in a brain scanner and we looked at what 

areas of the brain lighted up, when you look at something, it would be your occipital area, just lights up, 

okay?  People who are blind don't have that connection.  But guess what, if they're--if they started out 

without vision early--very early in life, again, probably before age two, if not, sooner, what happens is a lot 

of those kids learn Braille, right?  If you put them in a scanner and you have them touch things, guess 

what lights up?  The occipital lobe.  So, you get this reorganization that can occur when you have these 

things that are anomalies at birth.  So, they do learn, they do remember and it is sort of a if you don't use 

it, you lose it, you know.  How many people learn to drive a car with a clutch?  How many people now 

drive a car with a clutch?  Not as many.  So, for those of you that had the clutch and now you have to go--

and you've been driving it automatic for the last 20 years, if I put you in a car with a clutch… 

AUDIENCE: We'd burn the clutch. 

DR. STEPHEN HOOPER: …it would be--it would be a little bit of a--it would be a little bit of a challenge 

until you got your legs back, right?  So, if you don't use it, you will lose it in terms of sort of those 

connections and neurons are the foundation for all of that.  Okay.  It doesn't want to change for me.  

There are four parts to a neuron.  This is your tenth grade biology, okay?  Speaking of relearning and 

forgetting.  Cell body, the dendrites which actually receive impulses from the other neuron, so this is 

where information comes in.  The axons, which we're going to talk a little bit about, because this is an 

important area in brain injury where information is conducted away from the cell body in the axon's 

terminals or the synapses.  So, this is a picture of it here.  Here we have a single neuron and this is a cell 

body, right?  And what happens is is information coming in from all other neurons, coming on the 

dendrites.  All right?  So, you got lots of input from the dendrites.  So, if you disrupt with an injury, these 

things, information's not going to come in the same way.  Every neuron has a single axon.  Now, 

remember, we got a hundred and eighty billion of these things but fact of the matter is is everyone of 

them just has one axon.  Very early in life, many of these axons are not myelinated.  So, information is 

very slow.  And I think I have a statement here that says that the information goes from about two meters 

a second to fifty meters a second.  That's how much--it's like a 25 full difference when something has 

myelin on it.  One of the--one of the axons is myelinated.  The axons take the information out to the next 

neurons.  And so, that's how information is communicated.  This is very important, though, because if you 

damage this axon, the information coming into this neuron isn't going to get out or it's going to get out 

slower or it's only going to partially get out.  And this has major implications especially when you--we start 

thinking about the mild brain injury such as you might see with some concussions.  The other important 

part of this is the synapse and the synapse, this is something called the synaptic cleft right here.  This is 

how the information comes in.  It doesn't directly connect to the neuron, the cell body, but rather, there's 

this cleft in here where, in fact, you get a lot of neurotransmitter activity.  Okay.  This is where the drug 

companies make a lot of their money right here.  Understanding whether too much neurotransmitter is 

coming, not enough or maybe this part is sucking it up too quickly or not at all.  So, the different drugs 



actually work on the synapse here in regulating it, helping to fix it.  Most of you may have heard of the 

serotonergic reuptake inhibitor or the SRI, that's something that you hear a lot.  This is an SRI.  Well, 

what is happening here is the serotonins coming through and it's a reuptake inhibitor.  It's slowing that 

process down, it's inhibitor, okay?  And that's where the regulation comes.  So, the medications, or many 

of them anyway, work here and the fact of the matter is is if you damage this connection, the synapse 

right here as it goes into the dendrite, the fact of the matter is is you're going to disrupt the information 

flow and you're going to see a lot of that especially with--you see this with all kinds of brain injury but it 

may actually be more noticeable with the preschool kids.  So, that's a little bit about it but when you--when 

you have a brain injury, this is the level where it actually begins and so you may hinder or damage or kill 

several of those or you may do a lot of damage and it may be a much severe injury.  Postnatally, you get 

a lot development that does occur especially during that preschool period.  Just that process of putting 

the white matter on the axons, that myelination, increases brain weight from about less than a pound at 

birth to about two pounds at eleven months of age to about just over a pound at three years to about 1.4 

pounds when you're an adolescent.  Okay?  So, the fact of the matter is you should get this progressive 

growth and additional increases have been documented through age 60.  So, there is hope for many of 

us.  What's interesting to know at this end of the continuum, we're talking about preschoolers but at this 

end of the continuum, in fact, you can continue to myelinate if you remain active.  So, all the things you're 

seeing on TV with Lumosity and the Brain Games and the Jumble and, you know, what's this?  Sudoku, 

anybody know how to do that?  My daughter was telling me how to do it and it was like I still don't get it 

but the fact of the matter is is that this is where you remain active.  So, the motor and sensory 

components begin to drop but verbally, you can continue to grow well into your geriatric years if you 

remain active and challenge these areas.  Why?  Because you're stimulating this whole process, okay?  If 

you don't use it, you lose it.  So, that's why it's important to remain active even neurologically.  So, let me 

talk a little bit about the myelination because in preschool, this is really, really important.  This is a process 

that all of you [inaudible] where you put the fatty heath on the axon, it's sort of the--like the insulator on an 

electrical wire, okay?  And what that does is it facilitates the signal transmission, again, from two to fifty 

meters per second.  That's huge in terms of speed of information.  The brain of a newborn actually 

doesn't have a lot of myelin.  All right?  But this process actually begins at the six-month time period 

prenatally.  So, the myelin is starting to go when you're starting--ending that second trimester and 

beginning that third trimester.  And then it continues very rapidly postnatally but when you're born, you 

don't have a lot of it.  And it's the main reason why babies and young children process information a 

whole lot slower than even school-age kids or adults.  Most areas of the brain actually start that process 

or continue that process within that first two years of life with the initial growth occurring in the primary 

motor and sensory areas.  And again regions that are critical to survival, eyes, ears, nose, skin and 

mouth.  And these are just primitive functions that have to be there, okay?  Despite the brain growth you 

also have this other thing occurring called pruning and this actually begins in the preschool period as well 

where you start to shed unnecessary brain cells.  The unnecessary brain cells generally are ones where 



you have connections that aren't being utilized or developed.  So the fat is sort of like getting a cab today 

if you've been in New York City, we would have 50 cabs, we probably could have had but we--there was 

too much shedding that occurred here, we weren't able to get one.  And then New York could--probably 

could use a few less cabs.  But this process begins during the preschool years, and it's a reason why 

some developmental disabilities like children with Fragile X as an example have larger heads.  Why did 

they have larger heads?  In this instance, as the saying goes bigger is not better, okay?  The fact of the 

matter is, is that for those children, they're not going through the shedding of those brain cells the way 

they're supposed to.  So they end up with bigger heads and bigger brains but they're more dysfunctional.  

So both of these things have to happen, the myelination has to occur and the pruning has to occur.  We 

know for you Piaget aficionados, we have these sort of classic developmental periods of sensorimotor, 

preoperational, concrete operational and formal operational stages.  And what's important to know is, is 

that if you go back and you look at when we have this little burst in brain growth, they roughly correspond 

to those stages of development.  So you get a big burst in that two to four years right in the heart of sort 

of early childhood development while it's crossing over these two areas here, the sensorimotor and the 

preoperational.  And then when you move in to six to eight years, ten to twelve and then so on, you begin 

to see how they may map onto Piaget's development--developmental model.  But here's the--the 

important thing is, is that you're getting brain growth.  This is where we've also heard the concept of 

sensitive periods, critical periods.  Why is that?  Well, in part you have a neurologic basis to it and that 

neurologic base drives sort of the development and if you damage the brain during this--during this time 

period, you will disrupt sort of moving through these classic stages, okay?  So let's talk about the 

preschool implications for the brain by looking at some of these brain regions.  So they're going to be real 

vulnerable following a brain injury and we could spend the entire day talking about even just one of these 

areas but I just want to mention sort of four major areas of the central nervous system, the brainstem, the 

cerebellum, the cortex and subcortical regions.  We got to figure out if we can get a new battery in this, I 

think.  So this is the interior view of the brainstem.  And let me see if I can just use this.  Yeah.  What we 

have here is if you look--if you talk away the cortex, you have a number of structures here that are really, 

really important and very critical.  This is a cerebellum down here.  This is the brainstem coming up into 

the spinal cord coming into the brainstem in a reticular formation.  And the thalami sit here and now these 

areas are really important because if you damage them, these are where all our sensory information goes 

through.  So these brainstems' located at the top of the spinal cord near the neck and it's the most highly-

developed area of the brain at birth, okay?  Babies are largely brainstem-driven.  It controls all the inborn 

reflexes the crying, the startling, the suckling, those primitive reflexes that we know.  The Babinski, the 

startle reflex, the sucking reflex.  It also regulates basic life function like breathing, blood pressure, heart 

rate, even things like digestion and rapid eye movement, sleep.  It actually has a lot of connection other 

key structures like the amygdala which is really important for emotional regulation and this is going to--as 

the baby develops it's--they're going to learn regulate their feelings especially anxiety, stranger anxieties, 

very common, separation anxiety, very common and they learn to sort of regulate that.  And they also 



learn to calm themselves, okay?  These brain regions and connections really develop early in life and 

they're sensitive to what is happening in their environment.  Marian Diamond who's done a lot of work in 

this area with primates and young children actually had a very nice book called the Magic Trees of the 

Mind where she actually talks about the development of the neuronal connections and the infancy and 

childhood and she said on the positive side, your patience, attention and understanding are keys to help 

your baby develop a healthy way to handle emotions.  So it is important to hold your baby when they're 

crying.  You know, it is important to sort of provide those external cues in many ways you are the frontal 

lobe for that baby at that point in time and then they begin to learn to do these things themselves.  So this 

brainstem is very important and with the brainstem, remember with the neck muscles not being very 

strong, it is the reason why abusive head trauma or shaken baby syndrome is very damaging to the brain.  

If you shake the baby, the head moves a lot, the most vulnerable area is going to be that brainstem and 

remember, it's what feeds everything else.  You damage the brainstem and you're probably damaging a 

major sort of artery in the brain for later function.  And in some instances, you damage the baby, you 

could kill the baby because of the vital functions that are regulated through the brainstem such as 

breathing.  The cerebellum is important because it gets the information concerning where you are in 

space, in terms of where your body is.  And it's responsible for all the little movements that each one of 

you is making right now.  Some of you are scratching your eyelid and some of you are shifting in your 

seats and some of you just shifted, you know, one leg over the other, that's all unconscious and it's 

cerebellum-driven, okay?  The--this is the coordination so that you do that smoothly and very 

automatically and you don't think much about it.  So motor and sensory functions are regulated by the 

cerebellum and that--some people believe the cerebellum actually play--may play a role on higher-order 

cognitive functions such as executive capabilities andthe way kids process social cues, if you damage 

that cerebellum early in life, the motor function in the system is going to be very vulnerable to 

developmental differences.  These types of injuries could--also could explain some of the communication 

and social impairments that you'll see following a brain injury.  I had a situation a couple of years ago 

where a kid had a tumor in the cerebella region and the neurosurgeon went in, successfully took out the 

tumor and this was a really bright sort of vivacious talkative chatty four-year-old girl.  And after they took 

the tumor out the child didn't talk.  The surgeon attributed it to psychogenic distress.  When I went in to 

see the child, this child was doing everything that she could to communicate.  She'd do this, you know, 

she was mouthing things but nothing was coming out and I said, you know, her communicative intent, she 

was using a picture board, I said, "How communicative intent, this is not a kid that has a psychiatric 

trauma because of the surgery."  I said, "Did you graze the area in the cerebellum that related to 

speech?"  And his response to me was, "What kind of neuropsychologist are you?"  He said, "Speech 

isn't in the cerebellum, it's in the frontal lobe, I was nowhere near the frontal lobe."  And I wanted to be 

able to say to him, "What kind of neurosurgeon are you when you're cutting parts out of people's brains 

and you don't know that the cerebellum actually is very critical for speech?"  It is the reason and I hope 

none of you ever did this or have to do this or ever have to do this.  It is the reason why they have you 



say your ABCs and walk on a line if you do a drunk driving test.  Now, the cops probably don't know that 

there's a neurologic basis to it but it's all cerebellum-driven.  And it is the reason why you can't sing your 

ABCs because that's a different brain system you have to say it to say your ABCs, and then the balance 

test and all of this stuff that they have you do is really related to this.  If you disrupt the cerebellum with a 

brain injury of any kind, you're going to put all of these functions at risk.  So things like balance, 

coordination, the connections between sensorimotor functions and yes, higher order communication and 

perhaps executive functions and social impairments also maybe vulnerable.  We're learning more about 

sort of the higher cognitive functions in these kids in the cerebellum and in preschool kids, again that 

developmental trajectory could be changed or different because you're in developmental ascendancy, 

right?  When do kids learn to skip?  Six to seven.  Very good.  The fact of the matter is, you disrupt this 

part of the brain, you may not be skipping at six or seven, okay?  Your balance may be off, you may not 

be able to ride that [inaudible] when your other kids are, your other peers are, okay?  You may not like to 

do those things because you don't feel safe when you do them.  So it's going to change development in a 

lot of ways.  Again, you damage the cerebellum, you can have a movement disorder or something that we 

refer to as dystaxia, you can have slow or slurred speech, dysarthria.  Blurred vision and dizziness, low 

muscle tone again the poor balance, delays in rolling over to crawling and walking.  So again earlier the 

injury, what is in developmental ascendancy at the time, if that baby was shaken or in a motor vehicle 

crash when they were four months of age, things like rolling over and sitting up and crawling may be 

disrupted or delayed.  And again, we have this idea possible higher-order of cognitive problems arising 

from that.  Major brain regions, we have cortical and subcortical, okay?  Let's spin through some of these.  

The cerebrum, this is what we classically think about with the left hemisphere and the right hemisphere 

and we know and most of you know that the hemisphere seem to have anatomical and functional 

differences.  They are asymmetrical even though when you look at them, they look alike.  They are not 

and functionally, they're different in how they specialize and process.  The left hemisphere actually tends 

to be more specialized for sort of primary language-based functions, all right?  You all sort of know this.  

But why is it that way?  Well, because the left hemisphere tends to have more gray matter, the non-

myelinated function--matter than white matter.  That doesn't mean you don't have white matter in your left 

hemisphere but it's differentially distributed and you tend to have less of it.  Conversely, the right 

hemisphere is specialized more for visual perceptual functions.  Why is that?  Why do you have more 

white matter to gray matter, okay?  It's more myelinated.  It's the reason why language seems faster 

[inaudible] world but in the neuronal world, it's slow.  Vision is instantaneous and the reason for that and 

visual processing is because you have more white matter, it's more myelinated in that right hemisphere.  

So if you think about it, one of the things that we know from the school-age literature is that you tend to 

see a lot of visual perceptual dysfunction in the right hemisphere involvement with kids who have had 

brain injury.  Why?  Because that white matter is getting damaged and there's more of it in the right 

hemisphere so you're going to disrupt more of the functions of the right hemisphere, okay?  That doesn't 

mean language is preserved in injuries because we certainly know it can be disrupted.  But the fact is, is 



that that white matter tends to be pretty vulnerable to a--to a brain injury.  The other thing is, is we want to 

be real careful thinking about just the left and the right because these things--these two hemispheres are 

connected and you probably have this in Pennsylvania somewhere but I know in North Carolina, we 

actually have school-based curriculum that are designed to teach to the hemispheres.  They teach to the 

right hemisphere and they do this and they teach to the left hemisphere and they do that and this is where 

it gets tricky because the teaching strategies may actually be okay but the rationale for why you do them 

is all wrong, okay?  Why?  Because you have this massive bundle of white matter going through your 

brain called the corpus callosum and that's the interhemispheric connections that allow for the 

hemispheres talk to one another, so it's almost impossible outside of the laboratory for you to teach 

exclusively to the right hemisphere or the left hemisphere, okay?  And again, it doesn't mean that the--

what's actually being taught is wrong but why, the rationale behind it is not--doesn't make--makes no 

sense for neurologic perspective.  Hemispheres, again, this corpus callosum is huge in the brain you also 

have these other commissural fibers in the sort of front part of the brain and in the back part of the brain 

that also facilitate communication from left to right.  So there's a lot of talking between the left and the 

right hemisphere when you see something or whether you hear something or whether you read it, there's 

a lot of things happening almost instantaneously in large parts because of the white matter and the 

interhemispheric connections.  You damage that white matter early, you may damage these 

interhemispheric connections.  Now, let's talk a little bit about the lobules because this is sort of the level 

of we're going to go today in terms of understanding this.  In the frontal regions, we have these three 

distinct areas.  Primary motor region where we have this thing called the motor homunculus.  The 

premotor region and the prefrontal region where you have the various regions of the prefrontal cortex.  

The frontal lobes have rich interconnections to all brain regions including the subcortical regions and they 

have some developmental contingencies that are really critical to understand here.  Remember the 

example I gave you earlier that who's the frontal lobe in a preschool classroom, well, it's probably the 

teacher and their aides and perhaps the parents.  Well, people used to think--in fact, it wasn't that long 

ago that people said, "Well the front [inaudible] isn't really important for preschoolers and young kids.  It 

doesn't develop [inaudible] when you're an adolescent, that's when it really starts to develop."  Well, that's 

just a false.  What we know is, is that the frontal lobe really begins to develop in infancy.  And remember I 

talked to you about the myelin development.  It's slowly coming on board.  It is the reason why, in very 

simple terms, a baby will take their thumb and stick it in their head and then eventually it goes in their eye 

and they can't get it out and then eventually they get it here and then sometimes it slides in the mouth but 

what happens eventually?  They get very good at this, right?  And it happens relatively quickly, I used to 

tell my wife when our girls--when I would say, "Gosh.  Aren't they cute when they're myelinating?"  She 

never appreciated my humor.  My girls, when they were in school and they would say, "Daddy, I'm really 

worried about this test," I'd say it and I rub their head and I say, "I'm giving you a frontal lobe massage, 

and I'm going to massage your frontal lobe and what's going to happen is, it's going to help you retrieve 

all of that information very quickly.  And I'm going to give you the--you know, we're going to do your 



temporal lobes because that's going to help you remember and your hippocampi in there and this is what-

-"so we'd have this little discussion so my kids until this day will say, "Daddy, give me a frontal lobe 

massage."  Probably not healthy to be in my family.  But when we talk about these areas of the frontal 

lobe, frontal lobes are huge, okay?  I mean they go right up through here, okay?  This whole area here is 

your frontal lobe.  Now, it doesn't take a rocket scientist to figure out--if you hit your head, you're probably 

going to hit your head here somewhere, right?  So this frontal lobe becomes a very important area to 

understand a little bit about.  And tomorrow, we're going to talk, for those of you that are going to be 

around, we're going to talk about executive functions and how it maps largely into this brain region not 

exclusively but largely but the important thing here is, this is an area of development.  The brain develops 

from the posterior region up this way into the frontal region, so this is the last area to develop.  So on one 

hand, we have this developmental contingencies where the brain is developing, in fact, it will go into the 

second and third decade of life and this is one of the places where we have gender differences, females 

will continue to develop that and males send--tend to stop somewhere in their 20s and it's the reason why 

my wife reminds me behind every good man there's a really good woman because their frontal lobe is still 

working and ours, it seems to stop at some point, stop developing anyway.  But what happens is that this 

whole area here is very, very critical for motor output, thinking about motor output and other cognitive 

regulatory functions.  We know now that even in infancy, the frontal lobe is developing.  Folks give it a 

Bayley--the Bayley Scales.  Remember one of the tasks on the Bayley you put like a little bunny out there 

and you give them--a baby a stick and you show them how to get it and then you give them the stick to 

see if they'd get it.  That's a planning, problem solving task, right?  And I've always liked the young ones 

when they're trying to get out of their seat, they're doing this to sort of reach the toy and then you give 

them a stick and they figure it out.  That's an executive task at a--at its finest level, you know, the fact of 

the matter is, is that we get a lot of that because this area is developing from the get-go, all right?  So if 

you damage this part of the brain in preschool the fact of the matter is, is that your planning, your problem 

solving and all those things are going to be at risk and interestingly again this is an area where things 

may lie what they say lie silent because again you've got teachers and parents and adults who were 

structuring your life and then when you have to do it maybe it gets to be more challenging for you.  So the 

injury lie silent until it's demanded and this is where you're going to see this scenario come up again and 

again.  Homunculus, who knows what a homunculus is?  What's a homunculus?  You know what a 

homunculus is though?  Anybody know? 

Little man. 

STEPHEN HOOPER: Bingo.  In the--it's a little man in Greek.  Sort of thinking that's how babies were 

born, all right?  So when a man and a woman got together and the sperm was a little man and it got 

communicated over to the female and that's what happened, that was the understanding for--that's where 

the term homunculus came from.  In more current terminology, it is the mapping of functions and what 

you have going from the sort of the interior part of the cortex downward, what you have is, is this is the 

way it looks.  It's inversely related so--and this has been very precisely mapped.  Where are we looking 



at?  We're looking right here on this primary motor cortex right here.  And remember, you got one in the 

left, which is what we're looking at, and you got another one on the right, okay?  So as we go from the top 

working toward the medial parts of the brain.  This is what you have.  So what happens is, is that if you 

took a metal stylus and you put it in the brain at the very top, you would get a movement of the knee and 

then the hip and the toes are up here at the very top.  And then the trunk and the shoulders and the arm 

and the elbow, okay?  And so on and so forth.  Now, interestingly notice this is a proportional diagram, 

the bigger the drawing, the more motor functions related.  Guess what takes up the biggest part, the 

muscles in the face actually have a lot of representation in the cortex.  Here's something else I want you 

to pay attention to because I know you early childhood folks see this all the time.  See where the hand 

and the finger and the thumb is, and where how close it sits with the face and lips and everything.  What 

is a common thing that you'll see in kids, in preschool kids when they're perhaps delayed?  It's the motor 

coordination, maybe fine motor issues and speech articulation problems.  So developmentally, the reason 

why those things can occur together is because geographically in the brain on that homunculus, they're 

very close together.  So if you have mild development in this area or this area or just something that's 

delayed, well, you're going to see manifestations in both areas.  If you damage these areas, you're going 

to see them go together as well, okay?  But more commonly in a typically--typical preschool development, 

you'll see kids that are sort of lagging in this, it doesn't mean they have deficits but it's a reason why 

sometimes you can see them occurring frequently together because neurologically, they are organized 

that way.  Now, as I've alluded to the frontal lobes are related to things like planning, organizing, your 

efficiency, are you monitoring your own behavior, all right?  Remember the three and a half year of 

children getting verbal control over their behavior that's part of a self-monitoring and the regulation.  

Getting in to abstract thinking and the thinking about thinking.  Also things like impulsivity, perseveration, 

inertia and disinhibition and impulsivity also can be seen if you damage the frontal regions.  So this area 

of the brain is very vulnerable to damage and the other thing that's important is they may not be detected 

with typical IQ assessments because most IQ assessments tap some type of functional knowledge, it 

really, really don't do as good a job getting into sort of this whole area of the brain, all right?  So and again 

the challenge with preschool kids as you'll see--as we'll see this afternoon, you know, they don't have a 

lot of stamina so you can't walk in and give them an eight-hour assessment.  So you got to think up 

carefully about how you're going to spend your time in that assessment.  And a lot of times IQ--I'm not 

against the IQ testing but I think that we've got to be real careful with brain injury that we don't miss these 

other areas.  The other thing that's important to know about the brain--the frontal regions is that while 

they're responsible for a lot of these cognitive functions, they also could be associated with social 

behavior or emotional problems.  So if you damage that area and you're having trouble with things--when 

does--we'll talk about this a little--when does theory of mind sort of--first order theory of mind when can 

most kids do it?  Do you know what theory of mind is?  Perspective taking.  When can kids do that? 

AUDIENCE MEMBER: Six?  Seven?  Six [inaudible] 



DR. STEPHEN HOOPER: Five-ish, six-ish, right in there, okay?  So you're in the ballpark, right?  If you 

damage the Ventromedial Prefrontal Cortex, that's going to be something that's disrupted.  So why is a 

kid in somebody's face?  Why is a kid sort of appearing to be inconsiderate or mean?  Well, if they've had 

a brain injury, in fact, that part of the brain may have been disrupted.  So they may need to be retrained.  

They may need to have some scripts.  They may need to actually learn those things and it may not have 

to do anything with the intrinsic sort of character of that little guy.  Parietal lobes, major role in sensory 

integration [inaudible] we have a motor homunculus.  We have a sensory homunculus, okay, touch, 

pressure, pain, temperature.  Parietal lobes are really sort of multimodal in their processing.  Now, this is 

important because there may be some developmental constraints here.  Now, this is the motor 

homunculus that we just talked about, okay?  The sensory homunculus occurs, so you have the motor 

here, and then what you have is the se--sensory homunculus right behind it in the parietal lobe.  And you 

can see again that the face tends to dominate a lot of what we feel.  Okay?  It's the reason why I tell folks, 

you know, I--my daughters were hypochondriacal.  So if they got something--a little sick, they were like, 

"Oh, you got a fever."  So anytime you go up and put your hands on their heads, they were like, "Oh, 

yeah.  I got a fever."  Well, the fact of the matter is, is that, you know, how to do that without making a big 

deal about it?  It comes from this.  You kiss their forehead.  Why?  On human beings, your lips are the 

most sen--one of the most sensitive pieces.  So if it's warm, you're going to--you're going to feel it on your 

lips.  And we never had to talk about illness or sickness or any--no.  There was never a discussion.  And, 

you know, my wife would say, "Gosh, she looks a little pale."  And so, we just go up and kiss their 

forehead, which is part of it.  But the lips, that's why human beings, we like to kiss because it's a very 

sensitive part of our body.  And why is that?  Because it's neurologically determined in part.  Temporal 

regions, very critical to memory, both visual and auditory, visual item recognition, such as faces and even 

auditory agnosias.  You have auditory processing.  Again, hearing is very important for the temporal 

region.  It's where the primary hearing cortex is.  And the fact is, is this is the first sense in developing 

babies.  So if you have abusive head trauma or a brain injury that affects this part of the brain, Heschl's 

gyrus in particular in those temporal lobes, you're going to disrupt hearing.  But it may actually be a little 

more sort of resilient than some of the other functions because remember, developmental ascendancy.  If 

this thing is up and running, it's going to be--the damage may be more similar to what you might see in an 

older child or adult because there's not a lot left here to develop in terms of that sensation of hearing.  

Okay?  Again, emotion, very critical as it goes through the temporal legions--regions, and on the left side, 

language functions have been intimately linked to the temporal lobe.  So if you have damage from an 

accident to the temporal regions, you're probably going to be at risk, especially in the left side, risk for 

language disruption in that kiddo.  And language has a relatively long developmental trajectory, so again, 

developmental ascendancy.  Occipital lobes, again visual sensation and perception, not so much 

multimodal as the parietal lobes are, but they do communicate the what we call the "what pathways" and 

the "where pathways."  The "what pathways" relate to what is it that I just saw and can I identify it, and 

this one is where are things in space.  These pathways are closely related as they go through the brain 



and the temporal and occipital regions.  So if you damage it, you may have problems in both areas but it's 

entirely possible, depending on the nature of the injury, that a kid could disrupt all their spatial functions 

because that ventral pathway was disrupted whereas the other pathway may be intact.  So again, it 

speaks to, "How we do assessment and what do we look for?"  The other thing is, is if you damage these 

occipital lobes, you may actually have cortical blindness.  And that's, again, the earlier you get this, the 

greater the challenges are going to be with respect to outcome.  So let's get back started with the story of 

the--of the brain structure and brain function area.  And we've gone through sort of the hemispheres, 

we've gone through the lobules, we've gone through the brainstem a little bit.  And I just want to mention a 

couple of subcortical regions because they have every important implications following a brain injury.  

And I think, again, knowing what's in developmental ascendancy actually can give you some clues about 

what you might expect to see down the road.  Okay.  Now, my slide's off.  That's--we're getting there.  

Okay. 

BRENDA EAGAN BROWN: Come on. 

DR. STEPHEN HOOPER: Okay. 

BRENDA EAGAN BROWN: Okay. 

DR. STEPHEN HOOPER: Let's start out with the basal ganglia.  And the basal ganglia, really, located in 

the region of the midbrain and the diencephalons, and really concerned with motor functions, and 

comprise three major structures, what you've--we've--here referred to as the caudate, the putamen, and 

the globus pallidus.  Now, if you damage these areas, because of they're involvement in motor functions, 

you're going to see a number of interesting changes that result in postural difficulties, increases or 

decreases in motor tone, such as you might get with hypotonia or hypertonia.  And you may also see 

some movement changes, such as you might get with tics or twitches or tremors or jerks that folks may 

show.  And I think if you look at the basal ganglia in this cartoon, you're going to see that it sits right in the 

midbrain.  And again, largely protected from--by the--by the cortical regions, but if you can imagine the 

brain being shaken or rotated abnormally, this is an area of the brain that's going be disrupted.  Okay?  

And again, when might you see this?  You might see it with abusive head trauma.  You might see it in a 

motor vehicle crash.  You might see it especially in an injury before the age of two, when that head moves 

a lot more around because the neck is not able to sustain it.  The basal ganglia connect to something 

that's referred to as the limbic system, and this is a set of structures that sits deep in the forebrain and it 

comprises a lot of different areas, but major ones include the hippocampus, the septum, and the cingulate 

gyrus.  And this limbic connection has a lot of other relationships to parts of the brain, including the cortex 

and the subcortical regions, and even the endocrine system.  And the limbic system has been thought of 

as this intermediary between cognitive functions and emotional functions.  And so, it's responsible for 

such functions as analyzing and responding to fear or threatening situations.  In older individuals, 

monitoring sexual responses, including the basic functions of reproduction and nurturing offspring, 

remembering recent and past events, sensing and responding to your feeling-states and recognizing 



those such as you might get with pleasure or pain.  Again, these structures within this larger limbic 

structure.  And I just want you to take a close look in this cartoon where you see the cingulate gyrus at the 

top, you see the septal nuclei sort of in the midbrain and how it connects to the frontal regions.  And 

interestingly, you can also see the olfactory bulb there, which is really responsible for smell.  And as an 

aside, a lot of kids--a lot of people following a brain injury can lose their sense of smell.  And why is that?  

It's because that olfactory bulb sits right up there in that front--almost in that frontal pole.  So, it's very 

vulnerable, and it's also something, my guess is, that most people don't assess for.  The hippocampus, 

this is very critical and one that we can see disrupted following a brain injury quite frequently.  This is very 

important to memory and learning.  The hippocampus also has related functions of attention regulation 

and inhibition.  And you also have these rich connections to other areas of that limbic area, like the 

septum and the amygdala.  And this is important because its memory functions really help to modulate 

the reactions to frustration or punishment by drawing on what do you know.  So as a baby, you don't have 

a lot that you know and a lot of experiences, so you're going to get immediately frustrated.  But as those 

experiences start to be learned and incorporated into the hippocampus, the fact is, is that you now have 

the beginnings of a modulation framework.  If you damage these areas early on, the fact of the matter is, 

is that whole modulation system is going to be different or perhaps deviant, or even perhaps non-existent 

if the damage is pretty severe.  The left hippocampus, really, really important for verbal related 

information, verbal short-term memory, whereas the right tends to be responsible for visual or non-verbal 

types of recall, including emotions and motivational functions, and facial information.  So if you damage 

that right hippocampus, you're going to maybe see more affective components being disrupted, such as 

recognizing emotions or feelings, or even faces.  The amygdala is what's been referred to as the head 

ganglion of the whole emotional or motivational system, and it's unilateral and it's multimodal in its 

functions.  And so, it's primarily concerned with the expression of primary emotions like aggression and 

fear, and it can be responsible because of its connections to the temporal lobe to things like social-

emotional recognition problems or social-emotional agnosia or social perceptions, kids missing cues, not 

understanding sort of the emotion that's being expressed either accurately and/or efficiently.  If you are 

slow recognizing something, even if you get it right, it can be as devastating to a consequence in a 

situation, a social situation as not recognizing it.  And on the more benign end, everybody in this room 

has missed the joke.  So somebody tells a joke and you go, "Oh.  Yeah, I get it now."  Right?  

Everybody's done that.  And if you haven't, we'll talk later because I bet you have.  There's something 

else called anosognosia.  Anosognosia is not recognizing that you have a problem.  And there are people 

that have anosognosia.  So, we can talk later.  But imagine that happening all the time.  Imagine missing 

the joke or missing the meaning every time you have an interaction.  You eventually get it, but it may be 

five seconds later.  You're going to be always be off-kilter.  And if this happens very early in life and these 

disruptions occur, you're going to have abnormal or abhorrent developmental development following that 

and the trajectory may lead to perhaps better functions but it still may be different.  You can see where 

the amygdala sits in this cartoon.  And what's really important is that sits really close to the hippocampi, 



and again, very vulnerable to disrupting--disruption in a brain injury.  One of the things that's important to 

know than in most brain injuries, your brain can only go certain places in your skull.  So what happens is, 

is in your brain, in your head, your brain sits and it's very tightly packed in the occipital and parietal and 

temporal regions.  So if you could take your finger around the ins [inaudible] that portion of the skull 

[inaudible] or it would be very smooth because the brain is very tightly packed there.  There's not a lot of 

space.  But when you get to the frontal lobe, in fact, you have those watershed areas going through there 

with blood vessels, etcetera.  And if you could take your finger around the frontal regions, it would be 

rough.  You would have bony protuberances there.  So a couple of things happen with any kind of brain 

injury is there are these classic forces that we'll mention in a little bit, but there's a coup and a contrecoup, 

and it's French for blow and opposite blow.  So there are some physiological factors that happen here that 

if you get a blow in your right temporal region, you could probably draw a straight line and the brain is 

going to hit on the opposite side.  So you have the coup and the con--contrecoup on the opposite side.  

You have the actual insult but the then the brain goes [inaudible] to get the contrecoup [inaudible] coup 

injuries [inaudible] in the coup [inaudible].  In one half to two-thirds of cases, you are still going to have 

frontal lobe involvement.  Why?  Because the brain only has one way to go and it's always going to 

[inaudible] because of the space.  It's just the physics of it.  Because of that, when you look at the 

hippocampal region, the front--the whole frontal region, and now, as we're talking about the amygdala, 

which is concerned with emotional regulation, these structures become very vulnerable to that regardless 

of the kind of injury, because again, in one half to two-thirds of cases, you will see some sort of frontal 

lobe or frontal-related involvement.  Okay.  So these are structures that are very susceptible to injury.  I've 

got to bring some theory into this, and the theory that seems to be dominating the day for the last, 

probably 20 or 30 years. has been Luria's Theory.  Luria was a Russian neuropsychologist and basically 

from a heuristic perspective, you know, divided the brain up into three units.  And again, as I tell my 

students in graduate school, if you remember anything, please remember this, all the structures that we 

talked about will become, in your head, when you go back to work in the next couple of days, probably 

somewhat forgotten.  But this is a way to begin to think about the brain without getting into the structures.  

And for preschoolers, this has a lot of implications.  Unit one comprises the brainstem, and it's largely 

concerned with arousal of the organism.  And remember what I told you earlier about the brainstem.  It's 

one of the structures that's functional at birth.  So if you disrupt the arousal of the organism by damaging 

the brainstem, you're disrupting the entire system.  You probably are going to have older, adult-related 

disruption.  Okay?  If you damage it, it's probably not going to change.  But that's unit one.  That's the 

brainstem.  Unit two comprises the temporal lobe, the parietal lobe, and the occipital lobe, everything 

back.  And it's largely concerned with stuff coming in, information input, language functions, visual 

process, feeling-states, okay, information coming in.  Unit three is the frontal lobe and it's concerned with 

information output.  And as you remember from our discussion a little while ago about the frontal regions, 

the information output can be physical such as in the motor output or speech perhaps, but it also can be 

in thinking about your output.  Some of you may be thinking about lunch right now, but you're not 



screaming to the door to grab something to eat.  You're thinking about that, where you're going to, what 

are you going to do, what's nearby?  So you're getting a plan in action, that's frontal lobe activity.  So 

you're thinking about your output.  So, it can be actual output or it could be thinking or planning about 

your output.  The other thing that Luria did that I think was just revolutionary in its thinking is that he talked 

about this concept of functional systems.  We don't have love in one part of the brain and breeding in 

another.  It's--these are complex human functions that are built around systems.  And if you think about it 

that way, it actually allows us a couple of things.  It allows us to think about the development of those 

systems, it allows us to think about the components of those functional systems, and it gives us some 

guidance in terms, "If one part of the system isn't working, what do we do to utilize the other parts of the 

system for rehabilitation and intervention?"  From the development perspective, Luria talked about these 

zones of proximal development, and they were very simply labeled the primary, secondary, and tertiary 

zones.  And each of those regions, especially the unit two and the unit three, you have a primary, a 

secondary, and a tertiary zone.  Now, understanding this is very important for the preschool kids.  So the 

primary zones really are sort of basic sensory perception.  Do you hear something?  Do you feel 

something?  Do you see something?  Okay?  Very basic.  And again, pretty much intact from birth to 12 

months.  If you disrupt the brain during that time period, you are going to disrupt those primary core 

functions of just sensing things.  So your whole sensation process is going to be different.  The secondary 

developmental proximal zone relates to--basically, it's concurrent with the primary, but it goes and 

extends into age five years.  Now, the secondary zones are unimodal according to Luria.  Now, this is 

really important to understand because this is sort of the heart of where we are with our preschool kids, 

right?  What Luria is suggesting is, is that we really don't start to integrate information in human beings 

until you get to that age five and above.  So there are a lot of curriculum that are multimodal.  Again, 

nothing wrong with multimodal curriculum, but the--with preschoolers, but the challenge is, is if you have 

a child that has one of their sensory systems that's not functioning right, they may actually get bogged 

down because of the multimodal functions that are there.  Kids don't start sort of doing the crossmodal 

integration until about age five.  And again, why is that?  Because the myelination's starting to occur in 

those brain regions.  It's no accident that we start to teach kids to read in that--in that five, six region 

because that's when they start to do the combination of the letter sound for the reading area, and the 

writing. So it doesn't mean we can't teach some of that earlier, but the brain is really more sort of 

prepared to do that when you hit those tertiary time points when things are beginning to be integrated.  So 

that's our quick spin around the brain.  Okay.  It's very important that you have some connection between 

these developmental milestones that you really sort of have a handle on as early childhood professionals 

and the brain development that's underlying those developmental milestones.  Because when you disrupt 

the brain, the developmental milestones are going to be disrupted because the underlying brain 

mechanisms are going to be not working the way they're supposed to.  And there's reasons for that in 

terms of related to what we know about this brain development and how it unfolds over time during the 

preschool years.  So let me shift gears now.  I want to talk more properly about the epidemiology causes 



and the functional outcomes that we know about in this literature.  No, surprise, Brenda's been a 

proponent of singing this tune in terms of TBI being a national epidemic. You got approximately 1.4 

million individuals of all ages who sustain a traumatic brain injury in this country every year.  We lose 

about 52, 000 of them to death.  And if you didn't know it, this is the leading cause of death and long-term 

disabilities in kids. It outpaces cancer or cystic fibrosis or even pediatric AIDS.  It's most prevalent in 

individuals in that 15 to 24-year age range, and prevalence data on kids from birth to five years though 

have begun to surface over the last quarter of a century.  And across several large epidemiologic studies, 

the estimates are ranging of about 19 to 40% of all pediatric TBI cases.  The large range probably 

addresses this sort of rapid influx of looking at mild brain injury or concussion in terms of trying to get that 

into this pediatric range as well.  Plus, we have issues of definition.  How do you define a TBI?  And if so, 

how do you collect it?  So we still have some issues, especially with the little kids, and some of our 

terminologies still calling brain injuries head injuries.  And again, those things can be related, but you can 

have a head injury without a brain injury.  We know that in the preschool years, we get about 200, 000 

visits to emergency departments, these are largely male, and in this literature largely white.  The primary 

reason for these visits, falls.  Half of all preschool brain injuries are related to falling, falling down.  You 

got 50, 000 hospitalizations, largely male, more sort of evenly divided on the ethnicity, with about 56% 

being Caucasian.  And again, falls dominate why kids are hospitalized following a brain injury.  But now 

we start to see motor vehicle incidents, such as crashes or riding in a bike out in front of a car or a trike.  

We also have assaults, and this is where we get out the shaken baby syndrome or the abusive head 

trauma.  We lose about 1, 100 brain injury cases a year, and the reason that these kids die secondary to 

a brain injury are the motor vehicle accidents and look at the abusive head trauma, it goes up to about a 

third of those cases. So abusive head trauma can be very lethal to a--to a young child.  Now, a 

substantial number of kids under the age of 24 months have sustained this abusive head trauma or in the 

literature, you'll see it be defined as inflicted versus non-inflicted injuries.  And the incidence is about 

seventeen per a hundred thousand per year, and it's higher, birth to twelve months, ranging from thirty 

per a hundred thousand to about four per a hundred thousand when the kids get above twelve months of 

age.  Why is that?  Relates to the factors that we discussed this morning.  The babies are more 

vulnerable.  Their heads are bigger, their necks are weaker, the brain is still very much in a rapid period of 

ascen--developmental ascendancy.  And if you shake a baby during that time period birth to 12 months, 

you are going to probably incur more injury and more damage.  Interestingly, boys are shaken more than 

girls.  I don't know why that is.  We suspect it has to do with the old adage that big boys don't cry.  So 

when baby boys are crying, they get abused.  And in fact, if you go to some countries like India where 

they don't have the child abuse laws in place, male babies are shaken constantly.  And it's probably a 

major contributor to why in India they have the largest rate of developmental disabilities in the world at 

about 4%.  So four out of ten kids growing up are going to have something [inaudible].  And that 

something can be mild, but it also can be pretty severe, and my guess is there's a lot of deaths.  And the 

prevalence data from India suggests that a lot of its boys.  We tend to see it in younger parents, younger 



mothers, probably a stress factor there and knowledge factor there of not understanding that you don't 

shake a baby.  It's another trick question, "When do you shake a baby?"  You never, never shake a baby 

ever.  And we're going to talk about an intervention plan for that later this afternoon.  It tends to be more 

common in multiple births.  Again, probably in situations where you have twins and other siblings and 

parents are just at their wit's end.  I honestly don't know any parents who have purposely tried to hurt their 

babies in these situations.  It just happens.  You know, we refer to it as, you know, five seconds of stupid.  

And I--and it's just--people just get to their wit's end and things happen.  But then once you've done it, you 

can't take it back.  But I--many parents, when this happens, even in the worst circumstances really don't 

meant to create brain damage.  They just want their kid to stop crying or they just want to get respite or--

and it doesn't make it an excuse, but I think that it's not that there's a lot of mal intent in most of these 

situations.  It tends to happen more commonly in minority families but likely secondary to the SCS being 

tied to that.  It's not black, white, Asian; it tends to be poor and not poor and resource availability.  TBI 

results from a number of things.  You get the inertia into a contact that caused translational injuries.  And 

that's that coup, contrecoup or the--where the brain is moving along straight lines.  Or you can get 

rotational injuries where the brain actually rotates on the brain stem.  And it's not supposed to do that, 

okay?  And so if--again, with infants and toddlers, and preschoolers, the top four types of injuries that 

you'll see are falls, motor vehicle crashes, interestingly crushing injuries where heads get crushed by 

various factors.  And then, of course, abuse and inflicted trauma is up there.  The crushing injuries are 

interesting if you've ever seen one of those because it can--they're pretty gruesome when you see them.  

But actually, in some instances, some of these kids come out just fine.  I had a case where kid had his 

head ran over by cement truck.  And he's doing fine today believe it or not.  But it was--I mean, just list--

just--these parents sat and watched this happen.  It was just a horrible situation.  And if you know how 

cement is poured--anybody ever do that in this room?  Anybody ever pay--poured cement for driveway, 

you know?  So you have layers, right?  So you put down sand.  You dig down, you have sand, then you 

put shell, and maybe another layer of sand.  Then you put your rebar down or that metal and then maybe 

something else over that and then you pour your cement.  I mean, that's how you do it.  In fact, there are 

data that suggested even on playgrounds you should go down about 11 inches so that you--there's 

actually protection for the head if--or the body if it hits the ground.  But what happened with this, my little 

guy was--he ran out to grab a paper airplane that he had thrown while the cement truck was moving.  And 

he slipped, and all the stuff was there and he fell.  And the truck ran over his head.  What saved his life 

probably was that the head got pushed down into these multiple layers.  But he had--his whole face was--

I forgot how they--he had like 75 fractures in his face.  Couldn't talk because it was all damaged but he 

never lost consciousness.  Most amazing thing.  I would've been passed out watching this happened 

quite frankly.  But he, you know--so it was amazing.  But he's doing fine, believe it or not.  So the crushing 

injuries are pretty interesting if you happen to see one.  Falls, now depending on the cause, the reason 

it's important to understand the cause, it might give you clue to the type of force that occurred for the little 

guy.  So falls tend to result in injuries of translational force.  So you get the classic coup and the 



contrecoup.  You tend to get sort of the areas that you can see where the--where the blow occurred.  And 

for the most part, you tend to have a little better outcome for these types of things.  And remember the 

idea I shared with you a few minutes ago, you know, you tend to have, you know, in one-half to two-thirds 

of cases you'll have also frontal signs.  So you've got to be real careful not just making sure the kids were 

okay but looking for those injuries that may be lying silent down the road.  The motor vehicle crushes tend 

to result in rotational injuries.  This is where the brain twists the way it's not supposed to.  And this is 

where you can get diffused involvement of the brain, so a lot of areas of the brain get involved here.  And 

when you start to get involved more areas of the brain, you start to have a greater tendency for worse 

outcomes.  So again, knowing that a kid fell and got a brain injury versus a kid that was in a motor vehicle 

crash, you know, may tell you something different about the nature of the brain injury.  The inflicted 

injuries or abusive head trauma, and you get this rapid angular sort of acceleration and deceleration 

forces occur very, very violently.  And again, it doesn't last long in most instances, but it's very severe in 

its impact.  There is some evidence that suggests that impact also accompanies these forces.  I think 

sometimes babies get hit while they're doing this.  They get hit and then this happens.  And again, 

slapping a baby in the face, they don't have a--the neck muscles to hold that blow.  If somebody slapped 

you in the face, you know, you would absorb that, you know, in those boxers or notorious for working on 

their neck muscles, just huge neck muscles.  And the reason they do that is because it helps absorb the 

punches.  Babies don't have that, or even a younger child won't have that.  And that's why impact 

sometimes also accompanies and it will do more damage than it might do to an older child.  And if it's an 

infant, they can't run away from you.  I mean, one of the things that happen with preschoolers is that they 

can run, right?  They can get away a little bit and so the forces can be glancing forces when they're 

getting abused.  Abusive head trauma can result in some of the most severe cases of injury and in many 

instances, deaf.  And so, this is not a trivial sort of thing that happens.  When we look at the literature on 

what we know about the functional outcome of preschool kids, first of all, there's not a lot of it.  And when 

Brenda asked me to do this, I think in many ways, you guys are way ahead of the game here in terms of 

thinking about this with preschool kids.  And the fact of the matter is that there is not a lot of literature.  

We've reviewed this literature several years ago and there's probably about maybe 10 or 12 studies 

where people actually have looked at this.  There's a lot of animal work that gives us clues to some of the 

things that I've shared with you about the anatomy.  And we know about neurodevelopment that I 

hopefully shared a little bit of that with you this morning.  But when we actually say we've had this three 

year old who's had a motor vehicle crash, what did they look like after the injury and what did they look 

like at age five, six, ten, not a lot of literature.  But let me share with you what we know.  And again, I think 

the vision of sort of getting out in front of this curve is really very, very thoughtful on Brenda in the brain 

injury in the Department of Education's sort of thinking on this.  And so you guys are really ahead of the 

game.  Early literature, again, we've talked a little bit about that that thaw principle of Canard, right, that 

we know now is really not a Canard principle but it's sort of got packaged into that, who really thought, 

you know, plasticity of the young brain is productive.  So when you want to get an injury, well, get it--get it 



younger because you got more time for brain growth, the reorganization in plasticity.  And as we know 

from the earlier discussion, our recent evidence suggests that it's pretty quite--it's pretty detrimental to a 

child's overall development especially as you move into the severity and the continuum.  The more severe 

the injury, the greater the impact.  The earlier the injury, the greater the impact.  The worse the 

environment, the greater the chance of these things are going to go together soon, just typically in a very 

bad way.  So while we know that the incidents of TBI in preschool kids I just shared with you is lower than 

what you might see in its school age population.  We know that the outcome or the morbidity is at least as 

high.  And again, by the dozen studies, birth to five, when you look at them together, there are--there are 

findings across the lot of areas, you know, the academic, pre-academic, motor, cognitive functions.  

There are some social emotional data that are starting to emerge as well.  And because of injuries lying 

silent, the impairments can last a long time.  And you've really got to be thinking down the road about 

what might we see at specific developmental time points.  What's this kid going to be look like when they--

when they move from the learning to read versus the reading to learn component in most curricula which 

occur about that third, fourth grade time point.  We have this kid in preschool now.  We know they were 

injured at a certain point.  We know these are the functions.  What can we predict down the road?  What 

might we anticipate in terms of things that might be lying silent?  Inflicted TBI, there's actually data 

suggesting that it may manifest greater functional deficits and even non-inflicted TBI.  And again, it relates 

to impart when does that injury happen and the nature of that sort of acceleration-deceleration force on 

the brain.  It actually has a greater potential for long term negative outcome.  So let me walk through 

some of these things before we take a break for lunch.  What we know about the developmental or 

intellectual outcomes is overall it lowers overall developmental level and intellectual functioning.  We see 

it across both verbal and non-verbal areas.  Guess what?  We see it more in the non-verbal area.  Why is 

that?  Because of the myelin.  There's more white myelin getting disrupted, so those non-verbal visual 

perceptual, visual processing spatial capabilities, the what and the where pathway are more vulnerable 

because of the myelin.  And if the myelin is not there yet, you now have disrupted not only the neuralgic 

development but also the associated neurocognitive functions that go with that.  Greater the severity, 

greater the chance that you're going to have problems.  And the data suggest that these findings are 

going to be in place at least two years post injury and probably longer.  There are now studies that have 

pushed it to five years.  If you are in that severe TBI group, you're going to have more substantial delays, 

likely impairments and these things are going to probably last over time.  The younger the age, the 

greater the chance for the impairment.  And again, we have this concern that happens before kids reach 

the age of two because of the neurodevelopment that has not yet occurred.  Motor wise, you see a lot of 

motor disruption after a preschool TBI.  And you see it in both the fine motor and the gross motor 

functions.  Again, the data suggest that the more severe the injury, the greater the impairment.  But 

remember, even mild to moderate injuries can result in motor disruption.  And if you disrupt those areas, 

it's not just the function that you're disrupting but it's the developmental trajectory that follows.  Following 

milestones are going to be delayed.  Things like toilet training, make it disrupted.  When the kid's toilet 



train generally.  Poddy train.  When do they poddy train?  About three.  Boys tend to be a little slower than 

girls to get there.  Boys hit it about 42 months.  If you disrupted the motor system, even those adaptive 

functions are going to be at great risk.  Knowing that, you can plan accordingly in terms of thinking about 

what we may need to work on down the road.  Languages in area that's been looked a fair amount as 

within these 12 studies in terms of the impact of the severity of the injury.  And again, it's not a surprise.  

More severe outcomes are tied to more severe injuries.  Earlier age of injury also produces more 

impairment and that your follow-up.  Remember, language has a longer developmental trajectory so that 

developmental ascendancy is going to very important in what you're disrupting.  One study actually said 

injuries prior to 31 months of age, which is roughly two and a half, exhibited a greater degree of 

expressive language dysfunction than kids after the age of 31 months of age.  What did I share with you 

this morning about the two to three words and the asking questions, you know, we're in that ballpark, 

right, of developmental ascendancy.  So if you disrupt the brain at that point, expressive language is 

going to be very vulnerable.  Receptive language also can be affected.  But remember, you're developing 

your receptive language way before you are having your expressive capabilities there to show what you 

know.  So you've gotten a head start in the receptive language but the expressive capabilities may not be 

there.  The other thing that we know is that the language capabilities that were there before the accident 

may be a significant predictor of recovery.  So this really places very critical importance on early 

developmental screening and keeping note--keeping good records about where these kids are because 

we don't know when a preschooler is going to have a brain injury.  But it would be really nice to know 

developmentally where they were.  And you guys are the best record keepers of these types of data.  

Pediatricians, you know, are supposed to be doing more routine developmental screening largely driven 

by the autism initiatives.  So we have another mechanism there as well.  But the fact is schools have 

really been--and especially childcare, an early childhood programs really have been the sort of the 

keepers of that kingdom.  And we really need to keep doing good jobs with that because with this 

population it may actually help us in understanding what we might expect from kids over--and with 

respect to recovery.  Memory.  Moderate to severe injury show flatter recovery curves, okay?  And if you 

have a severe injury, you get the lowest level of memory functioning a year after the injury.  So again, we 

have this severity issue that's a problem.  But frighteningly--and I'm going to show you a craft here in a 

minute, you get flatter recovery curves.  So if you've damaged those hippocampi, and remember, they're 

vulnerable because of how the geography of where they sit in the brain, what's going to happen is, is that 

you may actually disrupt core, sort of learning and learning regulation functions in the brain.  And again, 

remember, it doesn't myelinate.  You don't remember your first birthday because these areas don't 

myelinate until about 24 months.  If you've had the injury to the hippocampi in that first year or two of life, 

your memory functions maybe permanently changed in terms of what you're going to be able to hang on 

to and recall and retrieve.  So there's a--there's a--there is a neurobiology to this that drives it.  And 

knowing when that injury occurred, and what happened, and what was damaged may give you some 

clues as to saying, well, you know, he can't remember things.  Well, we know he's going to have trouble 



remembering.  We don't give up.  We don't sort of change what we made you in terms of facilitating 

memory.  But for a little guy like this, we may have to really think about compensatory strategies for recall 

and get those built into place very early in the game.  We know that immediate memory is going to better 

than delayed recall and learning functions.  Again, why is that?  One-half to two-thirds of cases, you get a 

frontal lobe injury, that is responsible for regulation.  In fact, you may be able to remember things very 

quickly.  I've actually had kids having a seizure during my assessment, repeat numbers to me that I had 

just given them, as they were having a seizure.  They don't remember what they did.  But in the 

immediate recall, they were doing it.  And it was fascinating to see when it happened.  The delay recall, 

however, and we all have this as we get older.  I find myself making list, okay?  Remembering things, it's 

a strategy.  Of course, what happens is I make a list of my list, right?  And I have lots of list laying around.  

My family makes fun of me because of my list.  But I tell them it's because I have a lot to do.  But it's 

probably because I'm forgetting things as I've gotten older.  You just tend to not sort of retrieve as well as 

you used to.  And the fact of the matter is, with the brain injury, you may have immediate recall but you 

can't retrieve stuff when you need it.  It's sort of like having--as I give the example of the--a file cabinet, 

and if you--if Brenda and I have similar file cabinets, and I say to Brenda, "I need the Smith file."  She 

probably has it alphabetized and goes, "Oop, here's Smith.  Here you go."  If you say it to me, I have the 

same file cabinet, but my files are just thrown in randomly, I can find the Smith file but it's not going to be 

very fast.  It isn't going to be as we need it.  And when you think about classroom wait time, it's a little 

different with preschoolers.  But the average fifth grade classroom, what is the wait time necessary for a 

kid to respond, do you know?  Five seconds.  Five seconds.  So even in fifth grade, teachers go, "Okay.  

Tell me about, you know, what George Washington did when he--when he crossed the river."  What 

happens is as he goes, "Okay.  Who knows?  Who knows?"  And you got kids with their hands up.  And 

then if you call in a kid, they stop, and then they go, "Okay.  Okay.  Who else?"  Well, just in the typical 

classroom you need five minutes.  When you get a brain injury, that time expands.  A preschooler with a 

brain injury, that's probably even longer.  So the wait time is probably exaggerated in a very bad way with 

the little guys in terms of their delayed recall.  They can't get to that file cabinet or the information in it in 

any--with any efficiency.  So the delayed recall and the learning associated with that is going to be a 

problem.  What we don't know is differential performances across severity levels for other types of 

memory.  You know, what else do we know about the different kinds of memory and how do we get that 

information.  Social behavioral difficulties might be expected following a TBI in the birth to five year 

period, okay?  Why?  Severity, young age and injury, relative lack of time to develop adaptive coping 

skills.  Again, developmental ascendancy.  The associated cognitive impairments may go with that, so the 

kids may not hear or see or understand things the same way because of their impairments.  And 

importantly, we don't want to forget about family factors and especially in cases when there's been 

abusive head trauma.  Couple more slides and I'm going to let you go here.  Following an inflicted injury 

before 24 months of age, there are data suggesting that social confidence appears to be impaired, okay?  

Even when you compare it to a community sample.  Their communicative signaling behaviors are not 



there.  They're less responsive to social situations.  They have less positive affect and less joint attention.  

Again, a term that you hear a lot in the autism literature, but it applies in TBI and every child with a 

disability.  Joint attention is very critical as a building block for social function.  When you use parent 

ratings of social behavioral functioning, what you have is preschoolers who sustained in injury before 24 

months did not show any differences across severity when we compare to a match control group.  And 

we're very puzzled by this because this is one of my students.  I mean, because there are studies show 

that it is.  But then when we started to look at it a little more, it became a little clearer.  This is a typical 

rate of new psychiatric disorder that you will see with any brain injury.  These are the famous Isle of Wight 

studies by Michael Rutter.  And what you see in the blue line is the severe TBI, and the red and the green 

are your--the red is a mild TBI and the green is an injury below the brain stem to a non-brain injury.  And 

basically, the take-home message here is twofold.  One, you see the climbing blue line.  Thirty months 

out that line is still going up following an injury in terms of the rates of new psychiatric disorder.  The 

second point is these are disorders.  These are not symptoms.  These are palpable DSM, diagnosable 

disorders.  What are they?  They started out being ADHD opposition or defiant type things and then they 

move into more internalizing depression anxiety disorder.  But that curve is not flattening out at two and a 

half years post injury.  Look at what we get with the preschool kids.  Well, we're not seeing a lot of 

changes here, are we?  In terms of differences across the board with the mild, the moderate.  They're 

certainly higher than the typical--typically developing, but nothing clinical that's there.  This is just another 

graphic of it where we see the parent ratings and we see the groups--the lower group is the typical kids.  

And then you have the TBI groups.  But again, nothing that we would write home about if we saw any of 

these individually.  But when we parse it out, and we start to look at what are the individual scales, well, 

the moderate to severe groups starts to show more social withdrawal and more attention problems that 

are now approaching a critical range.  So much like the recovery of kids in the Isle of Wight study, we are 

seeing hints of it here without the rapidly rising, overall rates of psychopathology.  Let's see here.  Do you 

see where I am?  I want to decide when I want to send you to lunch.  Can I have three slides more?  Four 

slides more.  I think when we talk about factors affecting the outcome, we've talked about severity of 

injury.  The greater severity, the greater the chance of seeing problems and the greater the chance to 

seeing problems downstream.  The mechanism is important.  We know inflicted TBI and motor vehicle 

incidents tend to produce more impairments than falls because of the rotational aspects of those injuries.  

Early age of injury tends to produce more impairments and slower rates of recovery.  And this is critical 

for early identification and having a neurodevelopment surveillance plan in tact.  The relationship of these 

factors is really complex.  And we still don't have a great handle on what happens with preschool kids.  

But the mechanism of injury by age of injury interaction seems to be really critical here.  And you may as 

well throw environment into that interaction too because of the complexity.  Now, when we look at 

recovery curves, what you see here--again, this is the Isle of Wight data that goes back now 30 years 

plus.  And this is a typical recovery curve.  Again, these are the same three groups I showed you with the 

psychiatric disorders that you see downstream 30 months.  And what you see here is the orthopedic 



injuries are okay on a recovery and in terms of the performance IQ and the non-verbal IQ.  The mild kids 

have a mild--you know, a slight return to baseline.  And the severe kids started out much slower and then 

they jump up.  So, recovery does occur.  Do people get back to baseline?  Not always.  But things do 

change.  Sometimes it's slower.  The brain does heal.  But I want you to take a look at these preschool 

curves.  These are data that had come out of Texas.  And this is the overall IQ level.  It's a composite IQ 

from a number of different measures.  But I want you to take a look at--these are two groups; severe TBI 

in yellow and the mild to moderate in blue.  And what you see in the mild to moderate cases is the kids 

don't sustain a lot of problems and they sort of bounce back up into that.  You know, they don't change a 

lot.  But I want to take a look at the severe cases.  They started out with about a standard aviation or 

more below the mean on overall IQ, with an IQ of about 80.  And then they jump up to about 85 at six 

months.  And at 12 months, it's at 85.  And two years out, it's at 85.  We're not getting a lot of change.  So 

this is a very sobering graphic to me because it suggests that while development does change and can 

occur and the brain heals, that when we have these injuries during the preschool period, we are greater 

risk of plateauing sooner with respect to overall functioning.  Now, this is just overall IQ.  This doesn't 

necessarily pull for all the memory, the attention, the language areas that we've talked about.  But this is 

two years post injury.  Here's the other scary part.  These kids were also in services and were getting 

treatment.  So the bad news here is that I think there's a socio-political component come into this that the 

insurance companies and the attorneys are going to jump all over if they ever figure this out.  And one of 

those is on the insurance companies then, they're going to say, "Well, kids don't really get better after six 

months.  So we really don't want to finance ongoing rehabilitation."  And the flipside of it is attorneys are 

going to look at this and say, "Well, kids really don't get much better after six months.  So we really need 

to go after bigger and bigger claims in terms of long term damages fall in the matrix."  So the socio-

political components of this are big.  Let's take a look--this is non-verbal IQ.  And I will let this graph speak 

to you in the same way that we just talked about the other and very sobering.  You know, so--and these 

sort of global measures were not getting this rapid sort of recovery and ongoing recovery over those 

preschool years.  Very--something to think about.  And again, speaks to the aggressive need for early 

intervention and jumping on these kids as soon as we know an injury has occurred. 


