

***************************************
INSTR. SEAN CONNER: Okay. I think we are going to get started. So not dissimilar to what we did your cardiovascular system and kind of like one day of learning the system and different assessments and then doing a lab with the assessments, we are going to do that with muscular strength. Broadly speaking today. So assessment and then Thursday we'll get to actually do some of the assessments on that day.
All right. Why do we look at strength. Why doe we assess it, why do we care about it? Maybe you have personal reasons why you might care about it but generally speaking again to frame it in our health and wellness kind of perspective we are really looking for people to have the capacity to carry out their day-to-day activities. ADLs.
And to do that, we have to have enough force production to go about it. We may not think of it but something as maybe common place as a sit to stand, right, would be I remembering a lot of force to do. And there's definitely individuals that don't have that much force. Think of older individuals in particular.
We also come to find that it's a good indicator of longevity. There's morbidity and mortality. Living with chronic health conditions, we find that people that have higher measures of strength have lower morbidity. Have lower chronic diseases that they are living with. A similar and
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kind of correlated thing to that is general capacity in day-to-day activities. So we call it a functional assessment. So functional capacity kind of proxy measure.
And then getting more into the performance things if we think about injury prevention and rehab and general performance obviously strength is a good indicator for those as well.
We have different types of strength, I think many of us probably heard these things but it will be good to define them. One of the probably say the first foremost type of strength that we talk about is general muscular strength.
When we are talking about that we are very specifically saying how much force can you produce for one movement maximally. So I guess if you relate this to maybe something in the gym that some of you might have done, we call that a 1 rep max. Depending on the exercise or movement is how much force can be produced once. That is what we are after when we are talking about muscular strength. Purely. Says voluntary, you can't have a reflex be your maximum strength as a side note.
Another common term that is thrown out there is muscular endurance and you've all done something involving muscular endurance, it was the plank that you did the other day. So most of you I haven't gone through all the labs yet but most of you correctly identified when you kind of hit that time threshold of about a minute and a half-ish or



little bit longer, you are then getting out of these kind of anaerobic productions of energy or ATP, getting into something that was more aerobic or endurance based. That was just one hold. We also have this kind of repetitive submaximal force over time and that is a good indication of our muscular endurance as well. So we'll talk about exact reps and counts and stuff like that as we dive into the details a bit more but generally any submaximal force where we can do multiple repetitions for a period of time. Okay.
Cool. Last but not least we have power. Where muscular power more specifically and here we are talking about the ability to produce force with speed and velocity. Do it quickly. To draw a comparison, when we are assessing each of these types of movements, here are the general activities we are looking for. So if we have a 1RM, how much generally external resistance or force can we create in one rep. Our muscular endurance tends to be for holds or higher repetition let's say 15, 20, we generally don't want to do too much more than let's say 20 to 30 reps of something depending on sets. Submaximal repetitions. Then power, trying to create a lot of force sometimes in one big effort like a vertical jump. We can do submaximal with you again typically how much force we can do and do so with speed. How quickly can we produce that.
Aside from this a good example would be Olympic



weightlifting. Power clean, power is in the word. Taking a lot of weight very quickly trying to move it either to a rack position or above our head. You have to do that quickly.
All right. Last point, thing I want to highlight was when we talking about power versus 1 rep max we are thinking of Olympic rep is one maximal fast movement, once weigh start approaching a true 1RM versus power movement, if we think about this for a moment, are we moving quickly or slowly when we are doing trying to lift or produce as much force as possible for one lift?
STUDENT: Slowly.
INSTR. SEAN CONNER: Pretty slow. Thankfully, one the weight is slowing us down but 2 we want to control what we are doing be mindful of form. On the flip side generally speaking even though it might not be a sprinting speed, our power movements are quicker. So it's usually less external weight performed a little quicker. Help separate those in your mind.
How do we do this? You had a friend or family member or client be like how do your muscles work and move stuff around. What is strength and how does it work. How confident are you that you got a good detailed explanation.
So, that's okay. We are going to go through that now. First of all, one of the things we want to understand is generally our setup of our muscles they attach to bones around the joints and cause supports above and below it and contract



when they contract that is where we get the movement from. We are going to talk about how that is done. Generally if we are speaking about the anatomy part, usually we have some attachment through some tendons to our bone. We kind of have an intermediary there and the origin so where the muscle starts is it usually proximal, close to our mid line. This is a very general rule of thumb. Not all muscles follow this. The attachment part is more distal or farther away.
Very true of our limb, torsos get a little messy. But it's generally how it works. As far as structure.
Zoom in and take a look at the muscle itself. I always envision this for this class let you know you don't have to remember every single name for all the levels of the muscle. You'll have to learn that in a different class but I think it helps to understand the overall set up. The way I think of if it packing smaller and smaller straws into a larger straw. So how that relates to the actual muscle structure itself is these wrappings or bundling occurs with connective tissue. But my analogy I think we are going to start at full muscle part nah is like a big gulp slur pea straw, you get smaller and soda drink straws in there then you get smaller like coffee stir stick straws. As we go down to smaller bundles of these things wrapped in connective tissue we get to functional unit called the sarcomere. Is it what we think of like a muscle cell. Wrapped into bundles



and bundles of cables getting smaller. That is the gist from there.
So let's zoom in on the muscle fibre. This is where we start understanding detail. You don't need to know the labelling but this structure is what you want to feel comfortable with or familiar with. So each of these have a thick and thin filaments of proteins in them set up in these kind of structures where we have one anchor point and sliding thin filaments around. The other names for thick and thin filament is actin and myosin. Actin is thin structural
part and myosin are thicker filaments that do a lot of the active moving. They should flip those names. They didn't know at the time when they were naming it, I guess. The interesting ...
Once this boots up we are going to move to the next slide anyways we have thick and thin film aments set up this way. We are going to understand where the action occurs. So we are going to go from the whole sarcomere and look at the proteins by themselves because this is where all the action comes. This is our sliding filament theory. Got thin and thick. What happens is the thick filaments they have two globular heads that look like this proteins that wrap like this. What they do is as we feed it ATP they latch on to the actin or the thin filaments and row. So they pull and row and as that happens we go from a muscle fibre like here to



like this. They pull closer. The reason this helps us explain exactly how muscles work is because we know because of this mechanism muscles only ever pull. They only ever actively contract, they only ever actively shorten. With produce force by shortening muscles. There's no muscles that push out. We are going to get to why that might be. We do pushing movements right, it's confusing. That is a whole day in your gym split. Is push. How does that happen. Sit on that for a bit, we'll come back to it. They only ever contract. When the muscles get long because we know we stretch muscles we did a range of motion class. Is they just relax. Instead of actively pulling and holding on, they let go and the muscles through our actual movement of the leg and the muscle getting longer and relaxing is they let go and then the muscle fibres slide away from each other again.
To further understand how this no pushing only pulling action works, I might have already spoken about this next slide but the idea is we have a few different types of contractions. We already covered this part here. So three types of contractions we have concentric, that is the way that I initially described how this sliding filament theory works where we only have contractions. So if we are thinking about a bicep curl that is where the bicep shortens produces force, if we are holding on to a dumbbell or book, we get the shortening of the biceps that bulls our fore arm up we get a



biceps curl.
Eccentric even if we are holding on to something heavy essentially is how I describe the myosin to is letting go of the actin or thin filaments then we get that elongation of the biceps and lower down the weight. Why doesn't it just drop out on us. Any time we are dealing with gravity everything false with the speed of gravity. Because as we lower and muscle fibre let go of each other what tends to happen is we'll slowly grab back on as we let go. If you think of lowering someone down a rope, belaying down or something. If we are holding on to the rope they are off the cliff we don't just fully relax. We relax a bit and hold on again. Relax a bit hold on again so that incrementally they lower down. It's same similar idea for how eccentric movement works. Eccentric is going to come back into play a bit later. And then last but not least we have isometric.
What happens there is like your planks that you did the other day. Do we have a lot of joint movement, were you moving around a lot in planks? No. Hopefully not, not if we had good form. No movement. Holding it perfectly. What if someone are maybe a little bit. But were you creating force? Were your muscles working while you were in the plank. Yeah, definitely. Some maybe more than others but we had working muscles. So what was going on there is we had the cross fibres holding in place but we didn't see any joint



movements. And so for those types of contractions we call it size metric. If there's motion it will be concentric or eccentric if there's no movement but still force and work being produced it's isometric. And I think some of you probably come across the language if you picked it up through fitness or gym, gyming, for contraction types concentric is called a positive and eccentric is called a negative.
Sometimes they will be talking about the phasing, you want longer negatives if you are doing a negative set, really slow on the way down. If you want to focus on the positive, longer on the way up.
What is happening here, I think I kind of explained it already just to make sure we check all the check boxes concentric the muscles are shortening creating force and tension through the fibres working up against gravity. Yes we spoke already about force velocity. On the way down the muscle is lengthening getting longer, lower weight slowly letting go and grasping back on. We'll get to that later. Isometric no changing of joint angles. Very joint specific.
All right. So I think what is fun to chat about at this point in time is so we know we have done your work out concentric eccentric workout, isometric but then what happens a day after. If it was a really hard workout or a new workout or something like that how do your muscles feel typically, when we are talking about strength?



STUDENT: Sore.
INSTR. SEAN CONNER: Sore. Yeah, muscle soreness. An interestingly one of activities generally that produce some of the highest rates of muscle soreness later is spin classes. We can talk about why in a bit. But what is going on there. It has name. Let's look at the slide it's going to ruin some of the surprise. So it's called DOMS. That is exactly what it is. We have all felt it at some point in time. It's that pain that sets in after a workout anywhere between can be a few hours after but 12 hours usually up to 72 hours later. Which is a quite a long time. Three days later. What causes it.
Short answer is damage to the muscle. And usually that damage can happen in a number of different ways. Just inherently when we work out one of the ways we build strength is through tearing our muscle a little bit, very, very small micro tears and weighting for inflammation response to happen and we repair it and it's stronger. Very short version of that. But if we have this particular type of workout that we have not done before, working putting a big demand on muscle that is we haven't used maybe in quite a while that is a very novel exercise, so the volume or intensity of a workout can create a lot of DOMS. That makes sense, haven't used those muscles in a while you feel them. Other ways we can create a lot of DOMS is leaning into the eccentric contractions. So if you ever really want to create a large DOMS stimuli, I



don't know why that might be the case, chat about that if you want, but you would do what we are talking about before, really draw out the lowering of weight in any way shape or form. We can talk about what an eccentric move might be for your favourite exercise. Also kind of interestingly if we put our muscles into a very lengthened position and work them in that spot, they are weaker at a lengthened position. I think we spoke about this with when we were talking about stretching. Maybe it wasn't this class, but the idea is if we put our muscles kind of into a stretched position rather than like an ideal resting position, there's less cross bridging between the myosin and actin. What tends to happen is we produce very little force so the muscles have to work that much harder at the end points of where that overlap happens. So for example this is where a lot of the times if you are doing pilates or reformer work or mat work the ideally they put in you long positions where the muscles are trying to work in a long position they challenge them the next day or two later you get that DOMS. So that pain or perception of DOMS isn't from the exact muscle damage that you've done, it's more the inflammatory response in response to that damage that has occurred to the muscle. What does that inflammatory response do, we perceive it as pain if we get a cut or bruise our inflammatory response happens then that pressure and swelling and that side of things tends to



add that pain perception. That is where that comes from. Things like over the counter painkillers. Aspirin, acetaminophen, all that stuff. They are all similar in the sense they try to decrease the inflammatory response so we don't perceive pain as much.
That is from exercise and the different types of exercises that happen. So we get -- we don't want to use the muscles as much. We are trying to give our muscles time to repair. That is what the signal of our body is saying. What is DOMS not. It is not lactic acid, clearing lactic acid does not get rid of DOMS. A good indicator of a work out is not DOMS. I know there is a very common well still prevalent out there, no pain no gain sort of mentality. If you have really dad DOMS must have been a great workout, not really.
Not necessarily. Means you can't work out well for a couple of days. Maybe it was a new novel exercise higher intensity than your body was ready for, you did a lot of eccentrics, that is what it means. So I try to tell people that took my fitness classes, no, don't not be able to walk out of here. It's not a good indication of the work out or not.
So kind of playing to that point where we have different ways that DOMS can occur, depending on the type of workout will indicate how long at what point in time you start feeling the most amount of pain from your workout. For that discomfort. For example, a novel maximum eccentric



workout maybe you don't do bicep curls you do one day where you are maximally trying to draw out the lowering of weights in a bicep curl to the point you can't hold weights anymore. You are going to start feeling the peak amount of pain three days after. 72 hours later. Versus if you focus on maybe something that was a new explosive eccentric work, lunges or something. Once you have adapted to peak workout earlier and too much less. That makes sense. The more eccentric work you do pushes the peak later down our DOMS period.
Anyone have any questions about DOMS? Anyone coach any fitness classes right now? No. Do you feel there's still a mentality from a lot of the if you don't mind me asking, from people that take your class that everyone when they leave they are like yeah, I felt that I couldn't walk for two days after, they kind of have the perception of that is a good workout.
STUDENT: Yeah, especially newer clients they will come the next day oh my god I couldn't walk for five days after that was such a great session.
INSTR. SEAN CONNER: Is that from media still? Putting it out there.
STUDENT: Teachers, high school teachers. When you are on the track doing lunges around you feel it tomorrow that is how you know you did a good job.
INSTR. SEAN CONNER: Well intentioned for sure think a lot of this came



from when in the 80s I think-ish, late 80s where the whole gym culture was like for sure Arnold era.
STUDENT: I feel like things are changing I recently went to a Pilates class and I hadn't done one before and I was struggling because I've not done one before and it was pretty intense probably should have read the description but they were really nice about it when I was struggling don't do anything that is going to hurt you, good on you for resting. If you need to take a break or step out you don't have to do this. Respect your body and what it needs, I had not heard that kind of messaging before so that a different.
INSTR. SEAN CONNER: Getting out there. That's good. Nice. And I think something to keep in mind maybe not for midterm for you but definitely after when we start talking about programming is what is the consequence on your programming with DOMS. If you have all these new novel eccentric heavy workouts and you can't work out for three days the way you normally would, is that good or not good. Food for thought.
Great so let's come on back to this idea I planted a seed a little bit earlier. Call back to it now. The idea was if muscles only shorten how do we do pushing movements. How where does a push come from if muscles are only ever shortening to create the force. Here we'll get to explain that through this concept of contraction and coordination between limbs. But first I can see we need a break we'll get



moving around soon enough. We have a number of different names for different actions that occur at joints across our body. I'm going to let you work through this with your partners. I think who has come across these terms flexion, extension? Okay. Some people have some haven't. So again I think we'll just self-pace ourselves through this. Go ahead through these slides we'll cover them a little bit when we get back to there. A clear ending to that. And just go through the movements yourself, again if you've done these before try to name them without looking or describing them to your table partner that you are with. Okay. I'll give you five minutes or so to go do that. If you get through them really quick you can have a break as well. Go for it.
... [working in groups] ...
INSTR. SEAN CONNER: Okay. I think we are going to bring it all back to a class-wide discussion here. Okay. So we are going to go through this together. We are going to start off with flexion and extension. I had some good questions about this. Maybe I'll ask you if you can help us out here. So first off with our flexion extension, the illustration is of the shoulder. And the knee. So this one fortunately is labelled which one is which. But when I'm describing this action I want to say at the whatever joint it happens to be happening at. And for clarity all of these are based off of our starting position which is anatomical position. So that is



kind of this. This is anterior, that is posterior. When I'm saying flexion at the shoulder, flexion of the shoulder forward anterior position versus extension which is posterior all the time. I overheard a group trying to be like technically isn't it flexion of the shoulder if that way is forward. It's because we have that baseline set at anatomical position.
Do we test you on a couple of things. Maybe we'll do it for fun later. We'll do it in the lab. Next up we have abduction and adduction. I'll share a quick little way to remember or how I remember it. For abduction I always think of the story walking through the woods dark late at night trying to make your way home all of a sudden this big light from the sky shoots down on top of you, from the centre of your chest starts pulling up, what is it a space ship, aliens again. What is happening you get abducted what happens to your arms, arms and legs kind of go out to the sides. You have a question about that.
STUDENT: Is this a true story.
INSTR. SEAN CONNER: Yes, it's only happened a couple of times but fortunately. My best recount of the experience was captured by SNL skit with Ryan Gosling and Kristin Wiig. True true to life. Look it up. That's abduction. Adduction we add our limbs back to our torso. Sit with you forever now. If you are ever stuck aliens, which way, yeah. We have medial and



lateral rotation. Medial is towards the middle lateral is outside. Lateral pass with a football, out to the side. We can have rotation as well. We did that. There we go.
Circumduction I had a question about that not a lot of joints on our body that have true circumduction. Really that is a full circle. Mostly what we see I wouldn't mark you wrong necessarily if you said circumduction of the thumb.
Technically what you are seeing is multiple angles on only two joints creating a circle, but pure circle is generally made only by the shoulder. There's few other joints classified for it but if you ever need one think the shoulder. Made for mobility not stability. Elevation depression. Elevate up, depression down. That is our scapula there or shoulder blades. Again here is our shoulder blades in and out sliding protraction is actually forward with shoulder blades and retraction is back. That is what this is trying to illustrate. Sometimes if I get stuck on this one I think retraction like in medical shows they in medicine in surgery, have these things call retractors put in retract back the wound so they have a open operating site field. So maybe that helps. Second-last we have supination and pronation. This is of our wrist and hand. Supinate, pronate. We can also do this with our whole body. So when you lie down maybe I was going say lying down for RMT appointment get you to line prone typically face down on the



table, supinate it's up. Prone, prone to attack you can't see lying face down. Don't want to get jumped. Last but not least inversion, eversion. Similar. Most of us have had inversion sprain of the ankle. Eversion is a little harder. Inverted.
STUDENT: High ankle sprain and low ankle sprain?
INSTR. SEAN CONNER: Kind of inverted can give you both low and high, but usually the outside of your foot and ankle is what you are getting there. Has anyone had an ankle sprain this way? It would be the inside of your ankle. Yeah. Okay. I won't put you on the spot I'm curious with how that happened the mechanism much injury. I'll ask after class.
Great we've gotten to the point in time we have all these descriptors of motion. We can think of flexion extension one of the easier ones for us to think about. How would we produce push pull at the shoulder. Well, how do we do that. We have opposing muscle groups. That work in opposition to one another. So we have agonist muscle which is typically the one doing the contracting, the shortening the force production, and then we have antagonist muscle which is the one that shut off relaxing allowing movement to happen around the joint. So depending on which way is gravity or external force is, as I do a biceps curl that would be my agonist muscle my triceps would be relaxed and allowing that elbow joint to move freely from the back side



of the arm. Conversely if I was flipped around I would have to create agonist action with my triceps to push back against gravity while my bicep shuts off and is the antagonist muscle. So we have this trading off. There's inter-- nerves within our bodies that act as a communicator between our two muscle groups to help shut it off automatically so we don't have to think. Kind of like a reflex, ongoing we don't need a lot of compute for that. But we can have times or motions or movements where we have multiple muscles around a single joint being active. So we call that co-contraction. Most of the time that is actually how we move. But I think just to give a one exercise or movement kind of example to anchor that in your mind, a squat has co-contraction. Hamstrings and quads which normally if we think about leg extension or hip extension they need to work in a agonist antagonist manner when we are doing a squat they are both active at the same time. Hamstring goes over the knee and hip, when we go to stand we need distal part of hamstring anchoring and holding to allow to stand with glutes to get my hips underneath me but I need to straighten my knee so I had to have my quads active. So there's dynamic interplay. I think it's important to highlight that because I think just kind of picturing all of our movement being agonist or antagonist is not very complete enough. Kind of a simplistic model but once you understand that okay there's some co-contraction



that happens and we get a little bit of this agonist and antagonist action that happens on a sliding scale versus on or off.
I mentioned there's these interconnection kind of neurons that help us do that reflexively but we also have voluntary control over all of our muscles and actions. Well that is where we get to this idea of motor neuron and motor unit. This is output side of our nervous system. It helps conducts a couple of things. One is the volume or intensity of contraction. And a little bit of what type of muscles are involved. When we are looking at our individual more tow neurons we have neuron attaches to multiple sites within the muscle fibre it's at each one of these sites where we have a action potential reach the neuron or the muscle that we get some of the muscle fibre to contract. So five at five points on this muscle cell those five muscle cells will contract.
If we have way more fibres throughout the whole thing they won't if this neuron fires. It's an all or none activity. When that nerve fires all five of those muscle fibres are recruited.
That comes in handy when we are trying to recruit a few muscle fibres through our small motor units or a lot and larger muscle fibres -- or I guess more muscle fibres through larger fibre toss get a larger production. Those would be large motor units. So again it's all or none. When we have



smaller motor units those are for smaller muscles that produce fine motor control. Kind of fine motor control. For example, the movements in your eyes. Those are very, very tiny muscles and the motor units for each because they are very small fine kind of movements only have a few muscle fibres that each is responsible for. So we can get these very small little corrections of movements. Your leg muscles on the other hand need to produce a lot of force. You got to run really quick, you need a lot of muscle fibres recruited. Again these are the same sarcomeres, they are not different in size, just how many of them we recruit. So we are talking about those cross bridging if we need more force we need more cross bridges active to create more tension. The solution larger motor unit. And the difference as far as number of connection is, for smaller or fine motor units they can attach 3, 5 different muscle fibres which is pretty small.
Whereas these larger motor units can attach to tens of thousands, hundreds of thousands of muscle fibres. That makes sense the legs in press versus eyes to look around the room are significantly different. To kind of anchor that.
The idea is this allows us to control intensity of movements without needing a different type of muscle fibre for each movement.
Muscle fibre types. If we are trying to explain --so far what have we done different movement we can explain,



how we can get big movements to produce a lot of force, we know how the muscle actually works we've spoken about how our muscles coordinate between each other. But what we haven't spoken about is is there differences at the muscle level itself. Sure enough there is. So if you have heard of fast or slow twitch muscle fibres what we are going to explore here. A lot of it has to do with not muscle fibre setup itself with the proteins but more so how they use energy.
What sort of energy they tend to use. Last day we spoke about our anaerobic and aerobic sometimes. Broadly there's two. Depending on the muscle fibre type there's tendency or a structural setup to prefer either anaerobic or aerobic fuel to produce ATP. Another way of saying that is one muscle fibre type prefers our ATP PC or phosphate glycolysis others tend to prefer aerobic type or oxidative. Within them we'll see the enzymes or structures required for either part of that fuel. That being said what do we also know about these fuel types. We think back, glycolytic, anaerobic, phosphate system, they all love to produce force. That is our fast movement, our power production. Said our energy although we have a lot of it really quickly gets burnt up really quickly. If we are thinking about power lifting and stuff like that.
We said that was example for ATP PC system. Glycolytic is sprinting hard for a minute or so. We said we use hockey shifts as an example 45 seconds. So all these hopefully



ringing a bell. Lots of force production. That is our anaerobic system. That is our sprints. That is our fast twitch muscle fibres.
If we want to go longer, slower farther, think of a marathon, we don't need that far, 2 kilometres, 3 kilometres, a mile, we start leaning heavier on our aerobic. In there you notice it's a bit more red cells in this representation, because we need more oxygen which means we need more haemoglobin flow or blood flow to there. And it uses more fat for energy.
We said all of that there. I guess I didn't talk about intermediate. Intermediate fibres are a little bit in between. I think a fair question to ask if I was you would be why train. What is the point of training if we all just have certain muscle fibre types. This used to be parts of a lot of national programs. I shouldn't say a lot there were a few notable ones, USSR and stuff where essentially when you were 8, 9, something like that, you would get muscle typed if you were set to be an athlete, that was some pedigree, they do a muscle biopsy. A small hole punch into the muscle pull it out and see how much of type 1 and type 2 muscle fibres you had. Based off of that you would have a sports selection so if you showed that you were more an aerobic you would be Ministry of Forested towards power based sports and then if you are had more aerobic you would be shuffled towards those



programs. But why doesn't it happen all the time everywhere. Why didn't that prove to be the way to do things. Because we have these intermediate fibres which are very trainable. So based off of what sort of stimuli or work you've been putting on your body they will shift, they will adapt. For example, for more aerobic work they will start pulling in and developing and creating more mitochondria. Mitochondria or really important for oxidative processing and producing a lot of long-term energy. If you tend to do more sprinting and power work these intermediate fibres tend to shift towards getting more substrate level creatine phosphate. You have larger level energy that way. People's genetics can have a part of this, definitely plays a factor this that for sure.
Something to remember here, what the muscle fibres do, what sort of energy they use and what sort of activities they are involved in.
We'll chat about strength training effects and then we'll have a little break after this. So you want to get stronger, congratulations let's work on some of your strength building. There's a few different types. Some terminology we need for them. I think the one thing that surprises a lot of people at first is when you initially start strength training the gains or improvements in the amount that you can actually move, the external weight that you can move isn't from muscle fibre development. That is almost purely



neurological recruit. And that is up to 8 weeks. About 8 weeks worth of training. Two months your first two months when you are starting a training program is purely your motor units figuring out how to recruit more muscle more effectively. Kind of wild. Good to see, a lot of people see this big uptick in improvement in what they can lift. After that point you get into what is called hypertrophy, you start adding on some more muscle size. Generally speaking it's a lot of neural adaptation. Mainly neural adaptation at the start and after a set point in time we get muscle development versus just neural recruitment. Tends to plateau a bit. I said it hyper trophy tends to be with increasing muscle cells. Hyperplasia is the number of cells and occasionally if we are sedentary not using muscle atrophy can happen. You don't use it, you lose it. It can happen in number or size. Decrease in muscle number is more a long the lines sarcopenia, you tend to have that when you are older adult so
70 plus. If you are not using or trying to build muscle.
Let's pause there. Give you five minutes at least and we'll see if everyone is back then.
... [break] ...
INSTR. SEAN CONNER: We are going to get going here. We are going to get into our prey lapse explaining concept and assessment approaches you can use later in life. Just a call back to one of the opening slides. Why strength and again strength



is a good proxy as far as our nervous system health but also functionally it's a good indicator what we can do day-to-day. If you are at a physio clinic and your trying to assess how functional someone might be something like a sit to stand ten times you know, we might think of that as something ha is challenging but for older populations that potentially could be and gives us an impression of how functional they might be.
I think similarly that can be used as a predictor for mortality outcomes and in particular if we have higher strength capacity the inverse kind of correlation would be true, expect lower risk of all cause mortality. Things like cancers and cardiovascular disease, that sort of thing.
So how do we measure this. Just to sit do stands no of course we have different devices for that we think of think of this different types of strength that we want to be able to assess for. So one of the things we have is a dynamometer. What it is is measuring your grip strength.
Why would we use this? Is it only good to figure out how strong our forearm is. No we found to correlates well not to grip strength but whole body. It's a weird thing to think about. Why I'll pose this if you have an idea you want to give me your hypothesis that is great. Why might my grip strength be indication of my whole body strength?
STUDENT: Because the more weight you lift the higher grip strength you



need.
INSTR. SEAN CONNER: So generally speaking I have to use my hands for a lot of my day-to-day strength stuff that I do.
STUDENT: I was going to say because hands are the most, some of the most smallest muscles if they are strong the whole body is also strong.
INSTR. SEAN CONNER: Okay. Okay. Yeah, I like your theory. I like it.
I like them both. I think for me it's easier to use the day-to-day functioning we grip a lot of things if we are lifting heavy things I do find it interesting how it's hard
we can use our legs a lot not necessarily our hands we could still have a lot of lower body strength or trunk strength if you are doing a lot of squats. I think through correlational studies that is the point, we have to carry really heavy groceries so if we are carrying it's typically done with our hands. This is why it's a good proxy.
Why do we do this aside from that correlation and good functional assessment it's relatively quick, low cost. Again you'll see on the test itself literally set the hand distance to standardized set distance and then squeeze as hard as you can 1RM that's it. Test done. You do a few repeated trials do left and right. That's it. This device itself is with a lot of things getting cheaper and cheaper to find a fairly good one.
I like this question for everyone. What type of



strength again I think we list three at the start, what type of strength do you this think best tests for? The wording sounds funny. It sounds easier sounds too easy of a question.
STUDENT: Endurance.
INSTR. SEAN CONNER: Endurance is sub. STUDENT: Maximal power.
INSTR. SEAN CONNER: Collectively I think there was a group of you. It's more an aerobic muscular strength, 1 RM, one big squeeze.
The way I describe the test I had multiple maybe that is what you are thinking. 1RM maximal muscular strength.
Good to have that in mind. Another assessment we can do is our vet cal jump test we'll probably primarily use this here it's a vert max contraption. We set up plastic fingers and what you do is you have your starting height that you put these at the bottom you jump up and hit as many of them out of the way as you can. And wherever your fingers get to that measures the height for how many fingers you moved or plastic part. Again usually done with one maximal effort. But maybe to tie this into the last question we asked we will we do that at the start. What kind of strength are we assess with this kind of movement. Power. Power. Muscular power.
Ultimately it's pretty functional vertical test but it's really good for understanding our lower body capacity for power not a lot of upper body. Maybe tie this into real



world application, this is really commonly used or a variation of a vertical jump is commonly used in many sports teams now, professionally across a lot of different sports. What they tend to do is use plates they'll get a baseline of all athletes at the start of the season. Let's say someone jumps 20 centimetres or whatever. Throughout the training season pretty heavy training now it's only 17, 15, dropping down. Pretty good indication they are getting really fatigued. So at that point in time you can give that athletes a rest. Get back into it. Watch to help prevent injury during playoffs and stuff when the training game play can be really high.
Last but not aisle least push ups to fatigue, fitness testing you can have any number of exercises, for example, situps or I think many of us still do this in high school have fitness testing and go through a day of pushups and situps or maybe a shuttle run or something like that. All of this is very similar to going to the point of fatigue. The idea here is most healthy individuals can do this submaximally repetitions long enough to get into muscular endurance. The nice thing about it really really cheap and easy to administer and the way we do this all of our test that is we do our assessments is because these are so widely used they have been studied really really well. They have thousands and thousands of participants across all age groups



do these we get these standardized norm kind of charts. Within those charts they are kind of broken down poor or very strong or excellent, we have these bins that we put these ranges into. And again the idea is we can get a very good idea of where this individual falls based off of their score in their overall health or well-being or fitness capacity.
The other thing we can do with all these is get into our programming. People are already asking about midterm and asking about the projects after midterm and stuff like that. And one of the things that we are going to get to at that point in time and speak more specifically to how do we program based off of an assessment. If someone gets a poor score what does that mean for their programming next. If someone gets excellent what does that mean for their programming subsequent to your assessment.
We spoke a few times about the health and wellness indicators. We'll be doing these activities next day when we come to that class. About the midterm, it's coming up fast. Some people do you have questions about the midterm we can chat about that now for sure. We've review day you are going to come in. I have currently a jeopardy board set up so we might do that. I think I might switch it up and do a pub trivia setup instead I think that might be a bit more fun we'll see TBD on that. But next Thursday not the one coming in this week but next week is when the midterm is the



generally speaking it's going to be done in computer lab. You'll have the room number I believe is already on the schedule, should be if it's not please email and I'll get that to you. Questions are going to be multiple choice. We use the computers in there for lock down. Going to be randomized for a number of different pools that cover different subjects. Be randomized for the pool, answers are randomized. Going to include all lecture material as well as lab. As far as calculations I believe there's not calculations. If it is it's not like a multistep one and there is a calculator feature on the testing platform so it would be easy enough to type in your numbers there. You would be given the formula, you don't have to memorize it. I think that is the main information. Most students as far as time finish relatively quickly but you are allowed to take whole class time if you need it. I'm trying to remember the average time last semester but I don't recall so I won't let you know fully. We don't have any class after the exam either.
STUDENT: What are the main thing we should study?
INSTR. SEAN CONNER: The lecture and labs. Main concepts. Just best direction. You have learning outcomes and stuff I think with each lecture but I would as you go through your material again don't just again I should probably say this it's still first year class, don't flip through the lecture and be



rereading okay good. Like ask yourself questions as you go through. If you don't know the answer look it up. Look for a little bit of a deeper understanding of each of the subjects. And again, I feel like the main stuff we talk about both in LECTURE and covered in some way in the lab so we kind of repeat our coverage of things that are good ideas. So, yeah.
STUDENT: The schedule says TBA.
INSTR. SEAN CONNER: If you don't see it updated within 24 hours if someone sends me an email that will be on my to-do list thing we'll go from there. I'll make an announcement for that and update the schedule. At the very least by our review class. I do have it booked. If there's no other questions we'll see you on Thursday.
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