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As we come into the third hour of RFCS sports imaging presentation, this hour is going to be covering 
head and face injuries and imaging thereof. This is one of my favourite slides to start off with any time I 
am talking about facial trauma. I like to give you a second, look at this, and see if you can figure out what 
is going on. Now, quite often, as we look at this one a lot of folks, well, it looks like there is a screwdriver 
in the face. What we are seeing here is this is one of the circus performers who like to drive things, like 
tenpenny nails into their nose. So, a friend of mine, had this individual as a patient and the patient said, 
"Hey, can we see what this looks like on x-ray?" The doctor went ahead and x-rayed the patient with the 
nail up the nose and the hammer tapping on the nail. 

You can see there is quite a bit of space there for that nail to go. When we start dealing with head 
imaging, we have got patients who have head trauma, or facial trauma, we have to come back to that, 
what is the right tool for the job? If nothing else, that is my mantra for this series. What is the right tool 
for the job? Now, when we start dealing with head and face trauma, well, what about conventional 
radiographs? It is a very common thing that we use when we are dealing with musculoskeletal. Well, 
what about the face and head injuries? Well, the thing is conventional radiographs really do not have 
any place when we are talking about head and face imaging. 

I mean, there is a very small, dedicated set of things that we'll use conventional radiographs for. One of 
the first things that we use conventional radiographs for, and from the standpoint of facial trauma or 
head trauma is this particular X-ray view, it is called a 'water view.' I had alluded to before in the last 
hour that before I can have an MRI, I have to get an x-ray of my skull. This is the view that would have to 
be done. Because anybody who has ever used a grinder where they are spending time with little metal 
fragments flying around the air, there is the possibility that small metal fragments can become 
embedded into the cornea, and if the person is going in for an MRI, those little pieces of metal can 
dance around and lacerate the cornea. Prior to getting an MRI for chronic head pain, for a subacute 
head injury, or anything like that, the person is going to get a water view of the skull. Some of the other 
very, very soft positive indications for skull and face X-rays are nasal fractures and some subtle face 
fractures, but there are a couple of things that we need to be honest about, and we are starting to look 
at nasal imaging and facial imaging. 

With small nasal fractures, the X-ray might help confirm that there is a nasal fracture, but it is also a 
difficult call to make quite frequently, and rarely does it affect management when we are dealing with 
nasal fractures. When we get into the more complex facial fractures, can we see some of them on an X-
ray? But do they give us all the information? Absolutely not. Realistically, when we are dealing with 
patients that have facial trauma, I am not going to waste time taking X-rays. I know that I am going to go 
straight to the CT because we are talking about really complicated bony anatomy, and CT is going to give 
me the best information when I am trying to figure out what is going on as far as facial trauma case. So, 
can we see some things for sure? Am I ever going to waste time taking X-rays outside of this water view 
for orbital metal? Never. I am not going to use the wrong tool. 

What is the right tool? Our two biggest tools when we start dealing with face and head trauma are CT 
and MRI. As a general rule, we are going to be looking at non-contrast sequencing. We do not want to 
put contrast on board when we are dealing with most of these things. Now, from the standpoint of CT 
versus MRI, now, the quick and dirty. The answer that you usually want to keep in mind is less than 48 
hours, CT, over 48 hours, MRI- if we are talking about the brain. 
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If we are getting into the face, facial imaging is a CT thing. Because again, we are dealing with really 
complicated bony anatomy there. Some of the great resources that you use, when we are trying to 
decide what kind of imaging should I be doing for my patient is the American College of Radiology 
Appropriateness Criteria. I had referenced this at the beginning of the first hour as an excellent resource 
for what should I do for this? Is this a CT, or is this an MRI? They have great criteria there. 

When we start talking about, when am I going to be looking at ordering CT, acute head trauma? My 
general window here is 48 hours. There are some discussions about what the best cut-off is to go from 
CT to MRI, you have four hours when we start to see changes in blood product; 48 hours is an excellent 
window to use there. Acute head and face CT, over 48 hours, MRI. When we are dealing with any kind of 
concern for intracranial bleeds, with facial trauma, the big thing is that is we are going to CT because we 
are dealing with really thin bone, really complicated osseous structures, that is where we get our best 
visualization. Any concern for bleeds, whether it is an ischemic stroke, a haemorrhagic stroke, or 
epidural hematoma; or subdural hematoma subarachnoid haemorrhage. Any of those were going to go 
to CT because, particularly when we are dealing with an acute phase, we want to make a diagnosis and 
get that person into the scanner, scanned, out of the scanner, and treated as fast as humanly possible. 
Because when we are dealing with these different kinds of bleeds, lost time is lost brain. So, we want to 
scan them as fast as possible and get that information so that the emergency department can treat 
things effectively. 

Other things we might be looking for. If we see intracranial calcifications that are not where they seem 
to belong, you know, things that we see very, very commonly like pineal gland calcifications, pretty 
much everybody over the age of thirty has a pineal gland calcification. Is it in the normal pineal gland 
location? If it is not, then let's go to a CT because we'll be able to see the calcification and localize it very 
effectively. 

Not surprisingly, we start throwing spinal trauma in with the head and face trauma. It is great for 
visualizing those posterior elements. The temporal bone is one of the single most difficult things to 
visualize. Temporal bone and skull base. Really complicated anatomy that you need the high resolution 
of CT. Now, why CT? The big focus here is going to be looking for brain bleeds. When we are dealing 
with a person who has an ischemic stroke, a person who has a haemorrhagic stroke. We are looking for 
a subdural, epidural, or subarachnoid haemorrhage. That acute blood product shows up within minutes 
and what we will see when somebody has acute blood product that is extravasated is we are going to 
see hyper attenuation. 

So, we can see through here that there is this really bright ridge adjacent to the skull for that person 
that has a hyperacute bleed. As that blood product ages, we know that it goes from haemoglobin to 
deoxyhemoglobin to methemoglobin, and as it breaks down, we will see where it decreases its 
attenuation through here. Why a CT instead of an MRI if this is four weeks later? We are following the 
same person. If there was a change in their mental status, that might be something prompting a 
different imaging study. 

Now MRI. When we start talking about doing MRI, as a generality, we are usually going to be doing this 
non-contrast. When we are dealing with trauma cases, we do non-con. Contrast is more reserved for 
chronic head and brain problems where we are searching for tumours, infectious processes, and things 
like that. So, generally, we are going to be going non-con. Now, if we are concerned about vascular 
abnormalities, there is the possibility of an MR angiogram which is almost as good as the gold standard 
of conventional angiography. But again, that is the specific circumstance of looking for vascular 
occlusions, resulting in ischemia, looking for vascular ruptures, looking for aneurysms. That is where 
we'll be doing, talking about angiograms but not in that acute setting because we are worried about lost 
brain time. 
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When we start talking about different pulse sequences. If you spend any amount of time looking at 
neurology literature, if, you are really involved as naturally, sports docs generally are. In head trauma 
cases and what is the imaging? What is the clearance? How do we deal with it? You will see this is 
cutting edge as far as imaging goes. Looking at all these different ways to evaluate the brain, and one of 
the things you will see is there are a million different specialized pulse sequences for evaluating brain 
tissue. 

Just to pick on a couple that usually gets the biggest literature these days, diffusion tensor imaging and 
functional MR. Realistically, when we start talking about some of these specialized sequences, they are 
really primarily still in the research phase. If you are working with a world-class research hospital, they 
might be looking at some of these specialized pulse sequences, but by and large, your average imaging 
centre is not because they are not that cutting edge. Is it really useful? Have we defined what is positive 
or negative yet?  We will not see as many of those specialized pulse sequences. Brain MRIs. Still, there 
are the standard T1s and T2s proton densities, creating echoes. There are some extra pulse sequences 
that we talked about when we are dealing with the brain, and I am not going to get into doing the 
live.com demonstrations on the brain as I did with some of the previous material. But there are some 
special sequences that are standard, something called a 'flare fluid attenuation inversion recovery.' 
Fantastic sequence to look for parenchymal oedema. This is fantastic when we are trying to differentiate 
against something like multiple sclerosis or vasculitis. 

There are also some other sequences, and do not confuse this with diffusion tensor, but there are 
diffusion-weighted images, DWI, and apparent diffusion coefficients. These are assessing fluid motion 
within the brain. These are what we are going to be talking about primarily with tumours. Not 
something so much from the sports side of life. So, MR of the brain, fairly standard pulse sequences. 
Indications MR without contrast. Ischemic stroke. This is where when we are dealing with that acute 
patient, where we think they are having a stroke right now, they are going to get a CT. Follow-ups, 
whether they are looking at using clock buzzing, it must be medications, whether they are looking at 
doing stent placement, things like that, then they might start getting into MR, but for the acute phase, 
we are going to be looking at CT.  For the sub-acute to chronic, what is that time window? A big-time 
doc is 48 hours. We are so worried about things evolving very rapidly in the acute phase, anything less 
than 48 hours goes to CT. Over 48 hours, we are generally going to go to MR. Then we get into chronic 
abnormalities. Chronic vascular diseases like atherosclerosis change in our older athletes. In our athletes 
that might have autoimmune conditions like lupus, they might have chronic vasculitis. 

Then we are getting into some unusual conditions. Patients with Marfan's might have vascular 
abnormalities, patients that have some of the other different syndromic conditions that have an 
increased incidence of berry aneurysms in The Circle of Willis. Those are the kind of things we are going 
to be looking at with an MRI, and a non-contrast could be the first study. When do we put contrast on 
board when we are talking about the brain? Generally, we are getting into the outside of the sports 
realm. Here we are talking about a route if I have got a concern for multiple sclerosis. If I have got a 
concern for vasculitis, I have got a concern for a tumour or infectious process septic emboli, things of 
that nature, then we will start looking at putting contrast into the brain. Occasionally, you get somebody 
who has chronic intractable non-responsive headaches. They might decide to put contrast on board, just 
more like a fishing expedition than anything else. But we do not see that as a standard in sequencing. 
When we start dealing specifically with trauma to the skull and face, some things are really important in 
assessing the patient and trying to predict the possibility that our patient is going to have something 
really significant on that imaging. 

When we start looking at traumatic brain injury, there are several things that we consider when we are 
dealing with the history of the injury and/or the injury unfolding in front of us and how this really affects 
what we are doing. For anybody who's very involved in sports work, who's doing field-side work, 
particularly with any kind of sport where there is quite a bit of interpersonal contact, the Glasgow Coma 
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Scale is an incredibly important thing in assessing what is the person's degree of consciousness. This is 
something, of course that all emergency responders are going to be very familiar with. In the 
ambulance, they will be asking about it in the emergency department if the person must be transported. 
Two of the big things that we look at from a severity standpoint are loss of consciousness and post-
traumatic amnesia. These are even graded based on how long the person was unconscious. Quite often, 
when we as chiropractors are dealing with a lot of our patients who have had head injuries, if we are on 
the field with the team, it is very uncommon to see somebody who is unconscious for over 30 minutes. 
Most of the loss of consciousness that we tend to deal with is going to be very short-term, a couple of 
seconds to a couple of minutes, all of which would be categorized as mild post-traumatic amnesia. From 
the time when the injury was until the person is actually cognizant and can remember things accurately. 
Depends on the timing there, and that helps describe the severity. 

As far as the Glasgow Coma Scale goes, just to refresh your memory, this is a fifteen-point scale, and 
somebody who is completely alert and oriented times three, we are looking at a 15, where the person 
will open their eyes spontaneously for a four, they will be oriented times three to verbal command, and 
they will do what you tell them to do, touch your finger to your nose and so forth. Anybody that has less 
than that, that is where we start being concerned about those intracranial injuries. 

The Mayo Clinic has a head injury classification system. One of the things you discover when you start 
looking at literature about head and face trauma is there are a bunch of classification schemes. There 
are different predictive rules, they are all fairly well-researched, and they've all got some validity to 
them. So, it is kind of digging through all of these and looking for commonalities in your jurisdiction. Do 
they use one versus the other? That is what is going to be an important thing to consider. That is 
something that you must keep in mind. As far as grading traumatic brain injuries using this Mayo 
classification. They are fairly easy to see; moderate to severe traumatic brain injuries have a longer-term 
loss of consciousness and longer-term post-traumatic amnesia. You are looking at imaging and seeing 
damage to the brain or the skull. Mild traumatic brain injuries, lesser degrees of loss of consciousness 
and amnesia, and more simple skull fractures. Then the symptomatic traumatic brain injury, and 
sometimes you will see this described as a minimal TBI, and not surprisingly, this also gets turfed off to 
the diagnosis of concussion, so no loss of consciousness or anything. Nothing that you can really detect. 
If somebody loses consciousness for three seconds after they get their bell rung, you are not really going 
to be able to tell that. They do not have any post-traumatic amnesia, but they have concussive 
symptomatology where maybe they are confused, they are having some difficulties understanding, then 
we are dealing with that symptomatic traumatic brain injury, minimal traumatic brain injury, or 
concussion. Hopefully, by this point in the presentation, you have discovered that I very rarely ever read 
a slide. I figure that everybody here can read just fine. So, I am not a big fan of reading slides, but every 
so often, if there is a definition, reading a slide is something that I will do occasionally, and this is one of 
those cases. 

What is a concussion? We throw the term around a lot. What is the definition? The definition, in this 
case, comes from the American Association of Neurosurgeons. This is a clinical syndrome characterized 
by immediate and transient alteration of brain function, including mental status and level of 
consciousness resulting from mechanical force or trauma. Something hits the person's head, or maybe 
sometimes it does not necessarily have to hit the head. It can be something like a whiplash injury, where 
the head itself does not get stuck, but the brain is going to be sloshing around inside the cranium, those 
kinds of things can result in a concussion. Not surprising, of course. 

When we start dealing with patients that have head trauma. The majority of head trauma cases are mild 
to minimal traumatic brain injuries. Some possible transient loss of consciousness and post-traumatic 
amnesia to none and just more concussive style symptomatology. The good news when we are dealing 
with patients that have milder minimal traumatic brain injuries is that it is actually uncommon to find 
imaging findings on these patients. 
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Most of what we are dealing with in mild or minimal TBI patients are clinical concerns rather than a 
hard-and-fast structural abnormality. That being said, talking a little bit about some of the cutting edges 
in imaging, particularly with things like diffusion tensor imaging or tractography, where they can actually 
follow neural tracts. You can see disruption in axoplasmic flow in patients with concussion and look at 
some of these imaging modalities, but in the end, we are still looking for findings, well, not we, I am not 
involved in this, but the neuroradiologists involved in this research are still working on defining normal. 
So, it is not something we are going to order on every patient because concussion is something we treat 
clinically rather than needing to worry about the hard-and-fast imaging findings. We will see disruption 
and axoplasmic flow in those patients. But that is not what we are considering as a positive structural 
finding. 

What kind of things? I have somebody who has a minimal TBI. They did not lose consciousness, they do 
not have post-traumatic amnesia, and they are concussed. They have a little confusion; maybe they 
have slight dizziness and not functioning optimally. What kind of things really increase the predictive 
value of doing imaging? Is there a structural abnormality? We look at a couple of different things. I 
already talked about post-traumatic amnesia. I have to probably use headache because everybody who 
gets their bell rung, everybody who has head trauma is probably going to have a headache, that is very 
sensitive but poor specificity. Everybody who has head trauma is going to have a headache, but how 
many headache patients are actually going to have imaging findings? Very remote. One of the things 
that are actually very consistent through, and I am going to talk about some of the imaging decision 
rules here, vomiting. 

There is a discussion of one-time vomiting versus repetitive vomiting and low-level vomiting versus 
projectile vomiting. But vomiting is one of the things that we see in all of the different decision rules as 
an indicator of this is somebody who warrants imaging just to make sure. Not surprisingly, we tend to be 
much more liberal about imaging older patients, with more things going on. One of the other really 
major components for older individuals, age-related brain atrophy, gives that much more room for the 
brain to slop around inside the skull and can create more problems. 

Well, poor historian. Well, who is the worst historian there is? The historian that is as altered 
consciousness due to their favourite recreational substance. Whether somebody has alcohol on board 
or cannabis or some other thing that creates an altered mental status, you cannot assess them 
accurately, so you are going to end up having to do imaging in a case like that, which is not surprising. 
But if you can palpate an offset in the cranium, it is not hard to figure out that this person might have a 
skull fracture. An interesting note on seizures realize that the immediate post-traumatic seizure is 
actually a very common thing where the momentary insult to the head just kind of shuts everything off, 
then when it lights back up, there is a momentary seizure. Is there persistence in the seizure? Are there 
multiple seizures? Those are things that have to be considered.  What are my imaging choices?  We do 
not do X-rays. X-ray has no place in acute head trauma. CT, that is our acute patient. When we are 
dealing with those first 48 hours, I am going to go to CT after 48 hours, I am going to go for MRI. 

Some of the different guidelines. These guidelines are all published and validated, and the whole idea is 
we are trying to figure out who needs a CT and who does not. Because if there is no probability or 
minimal probability of finding something on the scan, we do not want to do the scan, as we have to 
keep in mind that CT uses radiation. If we have somebody who's going to wind up with repetitive CT 
scans, which really have no possibility of finding anything, we are needlessly imaging somebody, and 
there is the potential for radiation-induced concerns. Things are as simple as, if you get somebody with 
repetitive head CTs, it increases the possibility of cataracts because the proteinaceous material in the 
lens of the eyes is pretty radiation-sensitive. The big three guidelines that are talked about most these 
days are New Orleans, Canadian CT, and the Nexus Study. New Orleans criteria. I am going to introduce 
all three of these again. This is one where you might want to find out what your jurisdiction is. If you are 
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doing fieldwork, which one do they ascribe to, and which one do they want you to use to help decide to 
do we get imaging or not? 

Something consistent across all of these, these are all going to be patients that are DCS-15. They are 
cognizant patients. For New Orleans, we have got somebody who has minimal TBI. loss of 
consciousness, post-traumatic amnesia, and the coma scale is sitting at a 15. Does this person need 
imaging? Well, what do they have? Headache, be cautious with headache as an indicator. They are all 
going to have headaches. It is highly sensitive for this specifically. We already talked about age and 
intoxication. Anytime we start dealing with a patient who is getting particularly recurrent vomiting, the 
vomiting is one of my biggest concerns. A single episode of vomiting is common in concussive patients 
because they are dealing with disorientation as the neurology is working to reset. If they have the spins, 
it is not uncommon for them to vomit early on. But if there is repetition, then that is a concern. Short-
term memory deficit is coming into that post-traumatic amnesia. How long is it lasting, and do we see 
visible signs of trauma? Which just makes sense. 

The Canadian CT Rule. This one is based on exclusion criteria instead of inclusion criteria. You do not 
want to apply these rules to children because children have their own categories. I am not going to 
really deal with kid CT rules because, again, there are a bunch of different rules there. I am going to keep 
more to the adult rules in this case. Minimal injuries. If they have got loss of consciousness and that 
excludes them from this criteria, or they have got a skull fracture that you can tell, you are not going to 
be turning down this patient.  We do not CT somebody unless they have one of these things. Their 
Glasgow Coma Scale is still low, you suspect a skull fracture, suspect a basilar skull fracture, and that 
might be where somebody's developing CSF rhinorrhoea as they have leaking CSF out their nose. 
Vomiting comes in and plays a large role in this one, and you can see here that two or more episodes of 
vomiting. Age and retrograde amnesia, and dangerous mechanisms where you've just got to be 
concerned based on what happened. 

Nexus criteria. So, the third of those rules to help us decide. In this case, head CT is not required if all of 
these are absent. So, if there is any one of these that is positive, then you CT the patient. In older 
patients, evidence of skull fracture, skull hematoma, which would imply the concern for an underlying 
skull fracture, persistence of neuro deficit, GCS alterations, behaviour is inconsistent, and we come back 
to vomiting. So, what do we do? CT. When we are dealing with the acute head trauma case, this person 
is going to CT whether it is a minimal, mild, moderate, or severe, they are going to go to CT.  After 
they've had that initial CT, one of the questions is, had this person in the emergency department, how is 
their neurologic status doing? Well, if we start seeing some delays in recovery, or if we start to see 
where they are deteriorating, they can go back to CT. There is a possibility here that you can use it in an 
MR. Generally, however, during that 48-hour window, we are going to start kicking over the MR, and we 
are not going to be talking about doing any of those specialized imaging modalities. This boils down to 
the average patient that we will be dealing with, whether you are a field doctor or seeing athletes in the 
office on Monday after weekend events. We are going to see mostly minimal traumatic brain injury 
patients, patients with concussions, and those are not folks that are going to need imaging unless we are 
seeing protracted recovery unless we are seeing where the patient is starting to deteriorate, then we 
start looking with doing imaging. 

Some of the interesting imaging that is coming up; diffusion tensor, tractography, and functional MR, 
hold a lot of promise, and I think we are going to see a lot of things coming out and imaging these 
patients over the next ten years, but we are not there yet. I love having a radiologist reading my 
imaging, usually, it is me, but you should always look over your patient's imaging. Radiologists have bad 
days, and can miss things, so it never hurts to look things over.  I already showed you one case where 
the person had a subdural hematoma, and you saw the hyperattenuating blood on CT. We are going to 
see some more bleed cases on CT. On MRI, once we start getting into that, persons had some stuff going 
on for a while. We can age blood products on MRI very effectively, in radiology, we love our mnemonics. 
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We love our little memory tricks or how do I remember things. We can age blood by using this little 
mnemonic, 'It bitty-bitty baby doo-doo.' I realize it sounds goofy as all get out, but that is what we use. 
What the heck are you talking about it? 

Do not memorize the table. I am NOT going to test you on this. What we are talking about is what does 
the blood product do on T1 and T2 weighted imaging? The first syllable is T1, the second syllable is T2, 
and we break it down into five stages: hyperacute, subacute, early subacute, late subacute, and chronic. 
So, 'It Bi' means 'isointense and bright.' Now when we talk isointense, we are talking isointense to 
adjacent brain matter. Hyperacute. We are not going to see the hyperacute cases on MR typically 
because these are gone to CT because of the concern for bleeding. But we occasionally see it on MR, 
which will be iso and bright. Then once we get past eight hours, we are going to start to see a 
breakdown in blood products going from oxyhemoglobin to deoxyhemoglobin. because we are getting 
into that 48-hour range, it is going to be isointense, still on T1 but now on T2, it is going to be dark. After 
three days, it is going to be bright and dark. As we start getting into one week to four weeks, it will be 
bright on both. then as we get out past four weeks, it is going to be dark on both. So, we can use that 
MRI to gauge how old is this blood product and, particularly if we get some patients that have multiple 
traumas. One of the sports that I like to pick on is a favourite for multiple head injuries, rodeo. When we 
start dealing with anybody who's riding a really large, very angry cow, you are going to have somebody 
who's going to be getting the head whip around quite a bit, and they might wind up with multiple head 
traumas. Rodeo clowns in particular. 

Video Placement: 33:33 
When I was back in clinical practice before I came to the Northeast to teach, I practised in a small town 
in California called Clovis. The only exciting thing that ever happened in Clovis was the annual Clovis 
rodeo, and when you get rodeo people, you are used to dealing with a whole lot of polytrauma. We can 
look at MR, we can also look at CT and again CT for that acute phase. When I am evaluating a head CT as 
I start looking at that head CT, one of the things that you want to do is you want to make sure that you 
look at everything possible, everything available to you. This is all done at one time. With MRI, there are 
different pulse sequences, T1, and T2. And those are different sequences that must be done individually. 
When we start looking at head CT, there is one sequence that is done. They run from the top of the skull 
down to the clavicles, and then you change the windowing. You change the brightness and contrast, and 
it brings out different things. Before I ever even start looking at the meat and potatoes of the CT itself, I 
start by looking at the skull. It is got that nice X-ray appearance that I am used to looking at. I will look at 
the skull and see if anything is jumping out of that maze that just is not right. We want to look at a 
couple of things we want to look at the bone window. The bone window gives us high contrast for bone, 
and we can distinguish between cortical and trabecular bone. 

I am looking for offsets, and make sure that you are aware of sutures; look for symmetry sutures. 
Sutures tend to be very symmetric, whereas skull fractures tend to not be symmetric. One of your other 
best clues of, "Hey, you look here." my patient's got head trauma. One of the things you want to look at 
look at the skin, look at the meat, look at the soft tissues outside the cranium. Because if there is one 
thing that says, "You, look here, it is a scalp hematoma." So, if you see a large hematoma, make sure you 
pay attention to that area because that is where the head got hit, and that is where most injuries are 
going to happen. So first, I look at the bone window, and I evaluate the superficial soft tissues. I will 
move it to a soft tissue window, and I can evaluate the soft tissue some more, looking for not only soft 
tissue displacement but also higher attenuation contusion. I am looking at the brain at the same time, 
and I can see ventricles, there is the septum pellucidum, but notice that I do not have great brain 
distinction yet, but then I will kick over to a brain window, and on the brain window, I can actually see 
the distinction of grey matter versus white matter. One of the important things is to trace the outline of 
the grey matter and make sure there is good grey and white differentiation all the way around. 
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Start by looking at the outside view, outside in. We start looking for the skull fractures as our first big 
indicator of "Here's where a big problem is." make sure you are looking for those soft tissue findings, 
and this is working. If you are the one on the field doing the assessment, you will be palpating, and if 
you feel defects or offsets, that is a good indicator to get some imaging. When we start dealing with 
skulls, three big kinds of fractures: Linear, the standard longitudinal skull fracture, the depressed skull 
fracture, where something is impacted and pushed inward, and then something that we typically only 
see in infants- diastatic fractures, where the sutures are going to separate because the sutures have an 
interdigitated yet like they do in the adult patient. There is nothing more wonderful than when your CT 
comes with an arrow. As we look at this person, this is a female post MVA, and we can see a depressed 
skull fracture through here. That is the bone window. As we look at this on the brain window, we can 
see some high attenuation blood product immediately adjacent to the fracture site. 

Skull fractures are rarely ever symmetric, whereas sutures are. So back through here, we are getting to 
the top of the lambdoidal suture. Here is where that symmetry is, but here, it is much more sharp and 
jagged and offset. This patient has dual linear fractures, then if you compare the temporal soft tissues 
here with the temporal soft tissues here, you can see quite a bit of soft tissue swelling and look at the 
occipital soft tissues. Quite a bit of hematoma formation that we do not see on the other side. In this 
patient, I want to ensure I am looking very carefully in those brain windows, looking for parenchymal 
contusions, and looking for extra-axial blood collections. Relatively straightforward depressed fracture, 
much more significant depressed fracture, and of course, this is one where very large contusion in the 
superficial tissues. With that kind of depression, we are going to be very worried about the integrity of 
brain tissue. 

Another one of those interesting phenomena that we tend to see more in children than we see 
anywhere else but can be seen in older populations is something called 'leptomeningeal cyst.' This is 
somebody who gets a linear skull fracture. One thing that happens is the dura gets trapped in the 
fracture line. As that dura gets trapped into the fracture line, it can put some pressure on the fracture, 
and open the fracture, allowing for some progressive herniation of the material through the dura and 
subjacent CSF through the fracture. We might have somebody who started with a known history of a 
longitudinal skull fracture, and now when I look at this thing radiographically, I see a geographic lytic 
lesion. Knowing that this person had a skull fracture, I am very concerned about this being a 
leptomeningeal cyst. As we look at this on MR, you can see that there is where the skull fracture is. Well, 
it is an older fracture at this point, and the dura is herniated out past the skull, displacing the scalp and 
expanding the size of the fracture. The reason that this has such low signal intensity through here is the 
CSF is flowing through that area and because it is a tight collar, creating some turbulence in the blood 
flow and decreasing the signal. When we are doing any kind of head imaging post-trauma, one of the 
really big things that we are looking for is the extra-axial bleeds. There are three major ones and the first 
one which is the biggest, is subarachnoid, which are the most common of these abnormalities. 
Subarachnoid hemorrhage tends to be the most common extra-axial hemorrhage. If there is going to be 
a test, that would be a wonderful test question., it would be "What is the most common extra-axial 
hemorrhage?" Subarachnoid, most common, then subdural, then epidural. 

Let us take these in reverse order. We are working our way from the outside going in. Epidural 
hematoma. This one has a strong association with fractures, particularly temporal bone fractures. I am 
going to back up quite a few slides. If I come back here and look at this patient where there is a 
temporal fracture, I look at this thing under the bone window, and I am going to be concerned. Is there 
an epidural hematoma? Epidural hematoma. It is between the skull and the dura. This is an important 
thing for us because it makes it a little easier to diagnose. But one of the downsides of this is these are 
patients that, they had the head injury, maybe they did not lose consciousness, maybe they do not have 
post-traumatic amnesia, they have to hiked 15 GCS but then all of a sudden, they crash within a couple 
of hours because it takes time. Usually, we are seeing a slow bleed where they are slowly bleeding into 
the space and slowly bleed in space more and more until eventually, they hit a threshold on a mass 
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effect where they compress the brain and create a major negative consequence, and this is where 
suddenly, they develop a screaming headache, they started vomiting because of the brain pressure. 

What are we going to see when we look at these? This has called a lens-shaped lesion. What we are 
going to see as we think about the dura, the dura adheres to the skull at suture sites. So, wherever the 
sutures in the skull are, the dura sticks to those areas. The blood is going to be stuck between those 
sutures, and as it fills in the area, it'll stop at the sutures, and it creates this elongated pointy, ovoid lens 
shape. Biconvex or lenticular shape when we are talking about these. 

Video Placement: 42:45 
Going towards CT in these things, we will see hyper attenuation. In that acute phase, what we are going 
to see is a bright blood product, and that is what we see here. There is that beautiful lens shape, 
stopping at the squamosal suture, and stopping at the lambdoid suture in this case. The concern here, as 
this thing slowly enlarged, eventually they hit the threshold of brain compression, you can see where 
they've completely effaced the lateral ventricle, and that is where these folks can get that, "Why does it 
take so long?" They must compress the lateral ventricle and once the ventricle is compressed, then they 
start getting midline herniation, and that is where they are going to start developing those rapidly 
deteriorating symptoms. So, completely effaced the lateral ventricle on this side. They are also starting 
to lose their aqueductal pathway. 

A much smaller version, but we can see that hyper attenuating biconcave appearance, immediately 
deep to the calvarium, and it is because of that lens shape, again, stopping at the squamosal suture and 
the squamosal suture back there on this case as well. But notice the difference in the size of those 
lateral ventricles and the fact that the septum pellucidum is starting to curve as this patient develops a 
midline shift, much smaller in this case. I am not familiar with brain imaging, I do not see these things all 
the time. Is that normal or not? One of my big clues- okay, where am I looking for issues? As I follow the 
outside and I am following the contours, I look at the soft tissues and notice a very large contusion in the 
temporal region of this skull. I am now looking in this area very carefully for any kind of abnormalities, 
and there is that lenticular shape. From the epidural, we go to the subdural. With the subdural 
hematoma, we are seeing a lesser version of something that can happen inside the pragma of the head. 
But as the head's rotating or as the head hit something when the head stops, the brain keeps moving, 
and there is some inertia there. Because of that continued inertial motion in the brain, that is where we 
start to see some tearing in the blood vessels between the brain and the dura. 

Unfortunately, these have a very high mortality rate, and those that do survive will have persistent 
deficits neurologically. We are talking about major head trauma here in these cases. The difference 
between the subdural and the epidural is that because this is deep to the dura, it will not be stopped by 
the sutures. This is going to be somebody who is going to have bleeding that is deep to the dura, and 
this is going to take on a crescent shape instead of having that biconvex lens shape. This person is going 
to have a crescent shape, and that is what lets you know that this one is subdural. It can go across the 
sutures, and it is going to be hyperattenuating when we are looking at this on CT. We can see this nice 
crescent-shaped appearance through here on the CT, and this one is also effacing the lateral ventricle of 
the same side. This is a patient who did survive, and what we are seeing here in the acute phase, there is 
the hyperattenuating blood, and then as it ages, it loses that hyperattenuating and eventually becomes 
hypoattenuating. It is also spread out quite a bit more in this case. This person has gone from the acute 
subdural to the chronic subdural. In this case, what we are looking at here is we are looking at an MR. As 
we start looking in an MR, can we age what the blood products are as we look at this thing? We cannot 
on this one because we only have one whole sequence. You must have both a T1 and T2 to effectively 
age blood product on MR. But as I look at this T1, we are looking at something very high-signal intensity. 
It is also a very large subdural. 
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The last of the three bleeds and the most common of the three bleeds is the subarachnoid hemorrhage. 
The subarachnoid hemorrhage is the one that has that classic. The history is listed on every neuro board 
exam or every regular board exam with neural questions. When you have a patient with a thunderclap 
headache, the sudden headache that came on out of nowhere, maybe post-trauma, maybe not, worried 
about a subarachnoid hemorrhage. What we see with a subarachnoid hemorrhage, we do not see the 
same kind of displacement we saw in the previous cases. The big thing we find with a subarachnoid 
hemorrhage is that these patients get something called 'dirty CSF.' Because the blood product is in the 
CSF and it is free to move around in the subarachnoid space, it starts filling up the sulci, it starts filling up 
fissures, and it is going to be hyperattenuating in the acute phase. As we look at this patient, again, very 
large scalp contusion. But then what is interesting is that the injury was here, but then I am seeing the 
dirty CSF as that hyperattenuating blood product is crossing the Sylvian fissure and getting near the 
insula there. So, dirty CSF, that is our finding for the subarachnoid hemorrhage. This case is probably 
along the lines of a counter-coup injury where the person was injured. They were hit back here, the 
brain sloshed, and they bled on the other side. Similar concepts through here. I am starting to look in 
those external spaces, and we are deep to the Sylvian fissure, and I got up against the insula. We can see 
that dirty CSF finding. 

Video Placement: 49:02 
Going to MR, we have somebody, past that 48-hour period when we want to look at the CT, we are now 
into the MR phase. We can see where this person does have blood product past the Sylvian fissure up 
against the insula. This would be where we would use 'it bi itty-bitty baby doo-doo' to figure out what it 
is that we are looking at. I am going to look at the T1, and this is technically a flare, but we will treat it as 
a T2, so it is bright here on T1, and it is bright over here on T2. The combination of those things tells me 
that I am in the late subacute phase because it is bright on both pole sequences. This person is 1 to 4 
weeks post-injury. What else can happen? Rather than having free blood product, as in somebody with a 
subdural or epidural subarachnoid, we can also see the patient with a parenchymal contusion. So, our 
previous ones, subarachnoid hemorrhage, epidural hematoma; subdural hematoma, are the blood 
collections. Contusion, now we are looking at bruising of the brain tissue. This would be something that 
would show up very nicely on CT when we see that head injury. This can also be one that speaks heavily 
to the counter-coup style injury, where the head injury comes in on one side, and we might see the 
parenchymal contusion on the other side. Because as the head is hit, the brain gets bruised from the 
initial contact, and then as the head moves, the brain keeps going, hitting the calvarium on the other 
side and bruises there as well. What we are looking at here, is where Isaac Newton is creating some 
headaches for us. Because we are seeing the initial injury, the bruises on the brain. Then as the brain 
keeps moving, it gets the parenchymal contusion on the other side. 

In the first hour or so, these can be difficult to see. It is an important thing to know how long the head 
injury to the time of the scan was because if we have a patient, we didn't scan initially, but there is a 
deteriorating neurologic picture, then it is time to scan the patient. What are we going to see? 
Hyperattenuation. Anytime that the person has that parenchymal contusion where they have capillary 
bleeds into the parenchymal of the brain, there is going to be hyperattenuation on CT, which we will see 
it in the frontal lobe of this patient. On this patient that we are looking at, bone windows in this case, we 
can see on the bone window, there is a fracture here, there is a fracture here. This person also happens 
to have some emphysematous change where they've got some air trapping within the skull, which is a 
concern. If it is in the front, did this person has sinus involvement? Is there a violation of the scalp to 
where maybe there is air travelling in? Or, on a more posterior aspect, did this person violate the 
mastoids? They are getting air bleeding from the mastoids into the adjacent space. 

On MR, we can start to age blood products using the 'it bi itty-bitty baby doo-doo' and knowing in this 
particular case, this person was hit on this side, we see the parenchymal contusion, and then over here 
the counter-coup injury as the person's force was going this direction. What about concussions? The big 
deal is that we are not doing imaging to look for concussions. We are doing imaging to look for more 
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significant brain injuries. The average run-of-the-mill concussion has no imaging findings, not on 
standard and brain imaging. When we start looking at the diffusion tensor, we start looking at 
tractography- yes, there are findings, but it is still experimental. It is one of my pet peeves as somebody 
who reads brain scans on ambulatory patients. When I have an order that comes across, I am looking at 
a brain that says, 'rule out a concussion because I cannot do that. A concussion is a clinical diagnosis, 
there are no imaging findings associated with it in a standard sequence. 

We also have to worry about the post-concussion syndrome, and this is why there are so many different 
rules and regulations, particularly when we are dealing with pediatric sports about return-to-play issues, 
to make sure that we are not looking at a second impact syndrome, that we are not dealing with chronic 
traumatic encephalopathy. Those are more discussions for clinical and return-to-play issues than about 
imaging perspectives. The other thing that we want to talk about now is facial fractures. I'd like to 
introduce you to my middle boy, Cody. Luckily, I have got Cody's permission for this one. So, Cody is my 
middle son, he is my athlete. He was a three-sport athlete when he was in high school, he did some 
athletics in college. At one point in time during Cody's athletic career, he was getting injured on a fairly 
regular basis. Cody is a keeper in soccer. This picture was taken after he was in the goal and jumping to 
stop a ball, and somebody jumped to head the ball instead of heading the ball, they headed Cody in the 
orbit. I was at home; I missed this game and my wife came home to stop at the house before taking him 
to the emergency room. Cody had walked in with her, and she said, "They didn't think there was 
anything going on." I am looking at Cody's face and saying, "Well, Cody's seeing a facial surgeon today."  

Because what can happen here? When we start talking about facial injuries, particularly periorbital 
injuries, one of the big concerns is tripod fractures and blowout fractures. Those are the two big ones 
that we are looking at here. A blowout fracture is usually if you get something that hits directly over the 
globe, and as it does that, it increases the intraconal pressure. Where it likes to break is it wants to 
break through the thin membranous bone that is right underneath the orbit. So, deep in the face but 
right along with that, the top part of that orbital ridge there. A thin bone that separates the orbit from 
the maxillary sinus. What we see with those orbital blowout fractures, one of our biggest findings, 
anytime we get somebody who's got facial trauma, one of the big things that we always want to do on 
those facial trauma patients is you want to make sure you are tracking conjugate gaze. Because in the 
patient that has the blowout fracture, it is very common as you are doing that conjugate gaze exam, that 
one eye will stop moving. Mainly when we have somebody who has a blowout fracture, there is 
herniation of orbital contents and particularly the inferior rectus into the maxillary sinus. The healthy 
eye goes up, the other eye stays where it is because it is trapped. The inferior rectus is being held, so the 
person loses conjugate gaze; they get diplopia when that occurs, and what we will see with those 
blowout fractures is herniation of orbital contents into the maxillary sinus. 

Right here, that is the inferior rectus. Here is the thin membranous bone separating the orbit from the 
maxilla, and you can see where some fatty content has been displaced in this patient. Another relatively 
common skull or facial fracture is the tripod fracture. This one, rather than the force coming directly 
over the globe with the eye, comes in more from the side, and it hits the zygomatic arch. This is what 
happened to Cody. So, the force comes in and hits the zygomatic arch. Now, the zygomatic arch has 
three major connections: It is got an orbital component, it is got a component that comes back towards 
the TMJ, and then it is got the maxillary component. When that happens, you will see a fracture of all 
three components, which is why this is called a 'tripod injury.' 

What we see through here, we are looking at a CT, and this is a bone window. There is the nicely 
obvious orbital component. You can see the maxillary component coming down here, catching over the 
posterior compartment, and then there is the fracture of the zygomatic arch. Luckily, there was minimal 
displacement and cosmetic deformity in this case. The surgeon, in this case, decided, "Let's go with 
conservative care." What is interesting is Cody was able to return to play within two weeks, but he could 
only return to play with a hard plastic face shield. We had to take him to an orthotist and they used a 
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thermo-moulded plastic to mould to his face, so they had this kind of scary clear face mask that he'd 
wear when he was back in the goal. This is a different individual. In this case, this is a hockey injury. One 
of the reasons that helmets are important is that I'd be wearing a face shield if I was playing hockey. Not 
like I am that pretty, but I still do not want things broken. When we look at this case, this gentleman is 
playing a pickup game of ice hockey without a helmet. He gets a slap shot on the outside of the orbit 
and developed the tripod fracture. This one, because of the degree of depression that was involved in 
that fracture, you can see the surgical repair. This is a fine plastic surgeon that goes in and reduces the 
fracture and puts in some small plates. The last category of fractures that we have been talking about 
regarding facial trauma is that I am not going to get into minor nasal fractures because how clinically 
significant are they? Do they need imaging? It is more of a clinical diagnosis. 

The last significant group of fractures is a group of fractures called the 'Le Fort fractures.' I have always 
found this group of fractures to be fascinating. If for no other reason, I remember reading how Le Fort 
came up with its fracture classification a long time ago during residency. Essentially, he took a baseball 
bat to some cadaver faces to see what would fracture with different vectors. The Le Fort fractures are 
broken into three categories: 1, 2, and 3. It is one of the important reasons that anytime we have 
somebody who's got facial trauma involved in their injury is, one of the first things to do is glove up, 
have the person open their mouth, grab their incisors, and gently, of course, first shake their incisors 
and look to see, does the head move with the teeth? Because one thing that happens with these Le Fort 
fractures is to varying degrees, they are going to separate the upper dental plate from the rest of the 
face. To use skull X-rays to illustrate where the fractures are. The Le Fort 1, breaks essentially right 
through the area where the alveolar plate is in the maxilla. This can damage the roots of the teeth. Quite 
often, it will be above the roots of the teeth, but you can see where this will separate that maxillary 
plate from the rest of the skull so that in the incisors, when you grab, they will move independently of 
the face. Not going to be comfortable for the person, of course. 

The Le Fort 2 goes up through the nose. It comes up in an oblique position through the nose. When you 
grab this person's teeth, you might notice the nose move slightly. Then the Le Fort 3, the fancy term for 
a Le Fort 3 is 'craniofacial dissociation.' This is where the calvarium and the face are no longer 
connected. So, if you are grabbing the incisors and moving, you will see the whole face move separately 
and independently of the calvarium. CT is where we are going to see these best, we can see that 
fracture right through here, separating out the alveolar ridge from the rest of the face. This person's 
bleeding quite a bit on the maxillary sinus. They have got extravasation of air into the adjacent soft 
tissues, typically coming from the sinus. Le Fort type 2, we see this one coming up across the nasal 
bridge there. 

That takes care of us from the standpoint of craniofacial trauma and imaging thereof. One of the things I 
like to do during my presentations is, show you some of the different things that radiologists see 
because if you spend any amount of time around, whether it is a medical radiologist or chiropractic 
radiologist, we are often accused of seeing things where there is nothing to see. Looking at a brain 
image in this case and one of the things I noticed is I saw a happy little snowman sitting here in this 
brain. So, there is the snowman, he has his little sticky arms out, just waiting to give you a big old hug. 

Thank you very much. I appreciate you sitting through this particular section. Next imaging lesson, we 
are going to be talking about spine trauma. 

[END] 

 


