Lecture Notes

Basic Kinematic Concepts
Instructions: Read through the lecture while watching the PowerPoint slide show that accompanies these notes. When you see the <ENTER> prompt, press enter for the slide show so that you can progress through the show in a manner that corresponds to these notes.

SLIDE 1: Today’s topic is Basic Kinematics – Subtopic A under Biomechanical Concepts related to human movement. Please read the material listed on the semester calendar before watching this lecture. <ENTER>
SLIDE 2: As I stated at the beginning of the course, we are going to cover four primary topics: Introduction to the Course, Biomechanical Concepts Related to Human Movement, Anatomical Concepts Related to Human Movement, and Applications in Human Movement. After watching the lecture on the Introduction to the Course, this outline should make better sense. As you learned in the Introductory lecture, this course will present material from two of the subdisciplines of human movement: biomechanics and functional anatomy. We will spend about 4 weeks on the subdiscipline of biomechanics first (Biomechanical Concepts Related to Human Movement), since the subdiscipline of functional anatomy requires some knowledge of biomechanics. We will then spend 4 weeks on the subdiscipline of functional anatomy (Anatomical Concepts Related to Human Movement). Finally, you will take the knowledge you have learned about biomechanics and functional anatomy and begin to apply that knowledge by learning how to perform a basic, systematic analysis of movement from a qualitative perspective. <ENTER>

SLIDE 3: We will begin with the subdiscipline of biomechanics. <ENTER>
SLIDE 4: Under the subdiscipline of biomechanics, we will cover three subtopics: 1) Basic Kinematic Concepts, 2) Vector Algebra, and 3) Basic Kinetic Concepts. <ENTER>
SLIDE 5: We will begin our discussion of biomechanics with the topic, Basic Kinematic Concepts. <ENTER>
SLIDE 6: We will cover 3 main topics while studying kinematics: 1) Variables for Describing Motion, 2) Reference Systems for Describing Motion of the Human Body and Its Segments, and 3) Guidelines for Describing Motion of the Human Body and Its Segments. <ENTER>

SLIDE 7: Before we go any further in our discussion of motion encountered in the physical world, we first need to define kinematics. You will remember from the Introduction lecture that there are 5 branches of mechanics: 1) rigid body mechanics, 2) deformable body mechanics, 3) fluid mechanics, 4) relativistic mechanics, and 5) quantum mechanics. While biomechanics draws from the first three branches, in this course we will discuss primarily rigid body mechanics. Rigid body mechanics can be further broken down into two branches: statics and dynamics. Statics is the study of systems that are not accelerating (zero acceleration). Acceleration simply means changing velocity, or speeding up and/or slowing down. Therefore, statics is the study of systems that are not speeding up or slowing down. Zero acceleration occurs under two conditions: (1) when an object is at rest or not moving, and (2) when an object is moving with a constant speed. What causes an object to accelerate, to speed up and/or slow down? FORCE. So, if an object is not speeding up or slowing down, does that mean that there are no forces acting on the object? Not necessarily. While the absence of forces would indicate a zero acceleration situation, most of the time zero acceleration occurs even when two or more forces are acting on the object. How can this happen? Well, this situation occurs when the forces cancel each other out – in other words, the net force acting on the object is zero. An example of this is when you are standing motionless. You know that gravity is acting on you, but it cannot be the only force or you would accelerate in the direction that gravity acts – downward. Therefore, there must be another force that is canceling out gravity. We call it the ground reaction force (GRF). It is equal in magnitude but opposite in direction of gravity. Therefore, the net force is zero, and you do not accelerate. It is important that you remember this as we begin to study movement. The second branch of rigid body mechanics is dynamics - the study of systems that are accelerating. It is this branch that is most often broken down into two other areas: kinematics and kinetics. Kinematics is what we want to talk about today. From the outline on the previous slide, you should be able to figure out what the definition of kinematics is. Can you figure it out, from looking at topics 1 and 2? Kinematics is the description of motion. It is this area of biomechanics and of kinesiology that determines how we describe motion. Before we can understand, explain, and or alter motion, we have to be able to accurately describe it. Only then can we begin to try to understand and study what causes motion. The study of the causes of motion is kinetics. And, what causes motion? FORCE! Therefore, kinetics is the study of forces. We will talk more about this later. Kinematics and kinetics can also be considered subareas of statics, although they are most often presented as subareas of dynamics. However, as I stated earlier, even when objects do not accelerate, there are often 2 or more force acting on the object. Therefore, the study of forces in static situations is appropriate. <ENTER>

SLIDE 8: As already stated, kinematics is a branch of biomechanics concerned with the description of motion. To describe motion, we typically describe both spatial (where is it, how far did it go, in what direction) and temporal (how long did the movement take, how fast is it going, is it speeding up or slowing down) characteristics. Kinematic analyses can be qualitative or quantitative.  Qualitative descriptions can range from simple (‘good’ or ‘bad’) to more complex descriptions (sophisticated identification of joint actions).  Quantitative analyses involve the use of numbers to increase precision and objectivity of the description. In this class, we will focus more on qualitative analyses and the interpretation of quantitative analyses. We will not learn much about doing quantitative analyses. A final point to make is that kinematics is used to describe both angular and linear motion. <ENTER>
SLIDE 9: Kinematic analyses are invaluable for clinicians, PE teachers, coaches, personal trainers, athletic trainers, dancers, etc. <ENTER> When evaluating performance in a skill or in weight training, we often use the kinematics of the skill as our standard for evaluation. Below are some examples of when we use kinematics as a standard in practice:

· When teaching a new skill, we assume that a progressive modification of movement kinematics reflects the learning process.  For example, infants begin to use stable patterns of coordination in reaching for objects at 12-15 mos. of age, with adult-like reaching movements occurring by about 2 yrs. of age. The developmental stages of motor skills are based on analysis of angular kinematics. 

· When rehabilitating a patient, the clinician looks for the gradual return of normal joint kinematics, and assumes that this indicates proper and safe movement. 

· We have documented the characteristic kinematic patterns associated with cerebal palsy, Down’s syndrome, and stroke. Kinematics forms the basis for screening tests that are used to evaluate treatment and progression of motor disorders. 

· We have learned that walking on a treadmill with a grade just > 12% may be optimal for minimizing patellofemoral discomfort and potential strain on the ACL in post-ACL reconstruction patients. 

Therefore, understanding kinematics and knowing proper kinematics is essential for us. <ENTER> Kinematics is also valuable for researchers. Researchers cannot study why something moves until it knows what that movement looks like. Only in seeing how the movement changes can we investigate whether our manipulation of forces was successful. However, there is a problem if we limit our study and our analysis to kinematics only. <ENTER> We often assume that proper kinematics (positioning of segments & devices, range & speed of movement, fluidity of movement) indicates proper kinetics (force application). And for practitioners, this assumption forms the basis for most of the treatments, teaching methods, training methods, etc., that we use. <ENTER> However, we must understand that while this assumption is often true, there is always the possibility that even though a person displays proper kinematics, forces may be applied in an inefficient and/or unsafe manner. So, you should always remember that kinematic analyses are limited in the amount of information they provide, and you must have an understanding of kinetics so that you will be able to determine when these situations occur. Only then will you be effective as a teacher, coach, trainer, performer, etc. To be able to describe motion (perform and read about kinematic analyses), we must know the language of kinematics and know general guidelines for how to describe motion. That is what we will focus on in this lecture. <ENTER> 

SLIDE 10: Now we can turn our attention to our first topic - Variables for Describing Motion. <ENTER>

SLIDE 11: There are basically five variables used to describe motion: <ENTER> time, <ENTER> position, <ENTER> displacement & distance, <ENTER> velocity & speed, and <ENTER> acceleration. These terms are considered “generic” terminology. Depending on the skill that you are interested in, these specific terms may or may not be used. For example in running studies, stride time, swing time, stance time are the specific terms used for time variables. Stride length is a term used to describe one displacement of interest. However, all terms that are used to describe motion will be one of these five. We will now talk about each of these in a little more detail.  <ENTER>
SLIDE 12: Time variables represent <ENTER> the most basic description. They answer the questions <ENTER>  When? How often? In what order? How long? <ENTER> Examples of time variables in walking gait are cadence (How many steps per minute or per second?), stride time (How long does it take to complete a stride?), and temporal patterning. Let’s take a closer look at temporal patterning. <ENTER>
SLIDE 13: Temporal patterning refers to the timing of events relative to other events. For example, in walking we may want to know in what order muscle activation occurs. Does the quadriceps group fire before the hamstring group during the stance phase, and if so, how much earlier does it fire? Within the quadriceps group, we may want to know which muscle is contracted first? We could ask the same questions about the sequencing of angular motions during walking. For example, does knee flexion occur before hip flexion, and if so, how much earlier does it occur? Sequencing of angular motions very often determines the success or failure of linear movements. Understanding these relationships serve as a foundation to correct or facilitate a movement pattern or skill. Therefore, while timing is the most basic of analyses, it is often a very important part of any analysis. <ENTER>

SLIDE 14: In other cases, we may want to know how much of the total stride cycle is spent in single limb support and how much is spent in double limb support. In the example above, we see that approximately 22% of the total cycle is spent in double limb support while 78% of the cycle is spent in single limb support. Once we have accurately described the timing of a skill, it provides a standard by which we can compare performances across people, or maybe even compare right and left sides within a person. <ENTER>

SLIDE 15: Another concept that we want to introduce is absolute vs. relative timing. Time may be expressed in absolute terms, as in how many seconds or minutes it took a movement to occur. Time may also be expressed in relative terms, as some percentage of a total time period, as presented on the previous slide. On this slide, some data for the running cycle has been presented. The data is presented in relative timing terms, as indicated by the percentage unit for the ‘x’ axis of the graph. From these data, we see that during running at a given speed, 28% of the cycle time is spent in stance. I can tell you that this is a constant across all people at this speed, regardless of leg length. Again, this provides a standard that we can use for comparison across people. Can you think of situations where absolute timing would be of greater interest than relative timing, and vice-versa? <ENTER>

SLIDE 16: The second kinematic variable that we want to discuss is position. Position answers the question “Where?” Position is defined as <ENTER> location in space relative to some reference point or reference frame. In order to describe where something is, we must have a defined starting point. This starting point is the reference system. We will talk more about reference systems in a few minutes. <ENTER> We can define position in linear and angular terms. To define the location of a point for linear motion, we typically use x,y,z coordinates, where x and z are describe horizontal position, and y describes vertical position. The symbol for position is ‘s’. <ENTER> To define the location of a point or line for angular motion, we typically describe the angle at which the point or link lies relative to the zero degree point. Again, we will talk more about where the zero degree point is located in a few minutes. The symbol for angular position is lower case theta ((). <ENTER> The SI unit for linear position is meters, and the SI unit for angular position is degree.  <ENTER>

SLIDE 17: The third kinematic variable that we want to discuss is displacement and/or distance. Displacement/distance answers the question “How far?” Again, to accurately describe displacement or distance, a reference system must be defined. While displacement and distance represent similar concepts, they are not exactly the same. <ENTER> Displacement is a vector quantity, which means it is defined in terms of both magnitude and direction. Distance is a scalar quantity, which means it is defined in terms of magnitude only. Because of this difference in nature, they are defined differently as well. Displacement is defined as the final change in position, while distance is defined as the sum of all changes in position. To better understand this difference, let’s look at a simple example. <ENTER> Suppose a person walks 3 km north and then turns and walks 4 km east. The distance traveled by the person would be 3 km + 4 km, or 7 km. This is what is meant by the sum of all changes in position. The displacement traveled by the person would be the length between the starting point and the ending point, or the final change in position. In this case, we could use trigonometry to figure out that the displacement was 5 km. Of course, we should also indicate direction for the vector quantity displacement, so we might say the displacement was 5 km to the northeast. Notice that direction would be meaningless for distance, since the direction changed in the middle. It is important to define the starting and ending points before you quantify displacement or distance, so that an accurate measure can be obtained for the interval of interest. The symbol for displacement is ‘(s or ((’, depending on whether you are interested in angular or linear displacement. The ( symbol stands for “change in”. <ENTER> The SI unit for linear displacement is meters, and the SI unit for angular displacement is degree.  One last point that I want to make about displacement, is that displacement is analogous to “motion.” Remember earlier in the lecture that we defined motion as a “change in position.” Displacement is also defined as a change in position, so when we say something has moved, we mean it has been displaced. We’ll talk more about this in a few minutes. <ENTER>

SLIDE 18: The last two variables that are used to describe motion are velocity and acceleration. Velocity answers the question “How fast?”, and acceleration answers the question “How quickly is velocity changing?” or “Is the object speeding up or slowing down?” <ENTER>  <ENTER> Both are vector quantities, which means that they are defined in terms of magnitude and direction. Velocity is calculated as change in position divided by change in time, while acceleration is calculated as change in velocity divided by change in time. We will not talk a lot about these variables this semester. However, I do want to take a moment to discuss the relationship between acceleration and force. Although these kinematic variables simply describe motion, acceleration is the one variable that provides insight into forces and torques. A net force is required to cause an object to accelerate linearly, and a net torque is required to cause an object to accelerate angularly. When the net force or torque acting on an object is zero, there is zero acceleration as well. The object may be moving at a constant velocity, but it is not speeding up or slowing down. Refer back to our definitions of statics and dynamics to help you distinguish between velocity, acceleration, and force. <ENTER>
SLIDE 19: We defined the kinematic variable of position as an object’s location in space relative to some reference point or reference frame or reference system. Not only are reference systems important for describing position, but because displacement, velocity, and acceleration are calculated from position, reference systems are important for using any variable to describe motion. The reference system may be as simple as designating the start line in the 100 m sprint as the zero point, and measuring position, displacement, velocity, and acceleration relative to that point. Reference systems can be arbitrarily set, however, we typically use standard reference systems in the study of human movement so that we can better communicate with each other in the discipline. It is critical that we understand the reference system that is being used when we analyze a movement. For the next few slides, we are going to review some of the common reference systems used in the study of human movement, particularly in the subdisciplines of functional anatomy and biomechanics. <ENTER>

SLIDE 20: At the most basic level, we have 2 reference systems that we use to study human movement – reference systems for linear movement, and reference systems for angular movement. Let’s first discuss the reference system most commonly used to describe and measure linear motion. For linear motion, we typically use the standard 3D Cartesian coordinate system, where horizontal motion is designated with an ‘x’ or a ‘z’, and vertical motion is designated with ‘y’. We will not use the letters ‘x,y,z’ much this semester, but rather will discuss motion as horizontal and/or vertical. If you are viewing a person from sagittal plane, the ‘x’ horizontal axis passes anterior to posterior in the body. Therefore, forward and backward motion is described as horizontal. The ‘z’ horizontal axis passes medial to lateral in the body. Therefore, medial and lateral motion is also considered to be horizontal. The ‘y’ axis passes superior to inferior in the body, and up and down motion is described as vertical. We will introduce other reference systems that are used for linear motion, but this system is most commonly used. <ENTER> It is critical that you define the origin, or zero point, of the reference system that you are using so that you can be precise in your description. <ENTER>

SLIDE 21: For angular motion, we can further subdivide our reference systems into absolute and relative systems. An absolute reference system is one in which the origin is fixed in space. On this slide is depicted the most commonly used absolute reference system for angular motion. In this system, the origin is always the right horizontal, and positive motion is counter clockwise. The units most commonly used for angular motion are degrees, however, two other units used to quantify angular motion are revolutions and radians. A radian is equal to 57.3 degrees. So, if I tell you that something has been displaced 1 radian, that means that it has moved about 60 degrees. <ENTER> This figure depicts the use of an absolute reference system in the human body to measure joint angles (joint positions). Let’s look at the angle shown at the knee joint as an example. The thigh segment forms an angle with the right horizontal of about 80 degrees. Because the absolute 0 degree position in space is used, we call this an absolute angle. These angles are usually named according to the segment being examined – in other words, this angle might be called the thigh angle. <ENTER>

SLIDE 22: The second type of system used for angular motion is a relative reference system. A relative reference system is one in which the movement of a segment is described relative to the adjacent segment. The adjacent segment becomes the zero degree point. The adjacent segment may move through space, meaning that the zero point moves through space. This is what separates it from an absolute system where the zero point is fixed in space. In this figure, a relative system is used to describe the angles in the body. Again, let’s look at the angle about the knee joint as an example. Notice that this time, the angle is formed between the thigh and the lower leg rather than an absolute zero point in space. These angles are often named according to the joint that they span – in other words, this angle would be called the knee angle. Now, let’s compare this with the absolute system that we learned about a few moments ago. <ENTER> You can see from the slide the difference between the two systems. What is the advantage of using one system over the other? Well, relative systems are most useful when we are interested in joint limits with regards to ligaments and other soft tissues, or with regards to muscle torque output. Absolute systems are better for determining the actual motion of a segment that occurs. In this course, we will use relative systems for the most part. Let’s take a look at the relative systems that are commonly used in functional anatomy. <ENTER>

SLIDE 23: In your Human Anatomy course, you learned about two reference positions that are used to define movement terminology in the human body: the Fundamental Standing Position and the Anatomical Standing Position. Both of these systems are relative systems. <ENTER> In both positions, all joints are considered to be in a zero degree position except the ankle and the forearm. In both positions, the ankle is considered to be at 90 degrees. In the Fundamental position, the forearm is at 0 degrees, or neutral, but in the Anatomical position, the forearm is supinated 90 degrees. We will use pictures on the next two slides to better illustrate these positions. <ENTER>

SLIDE 24: We use these systems to measure joint position and displacement (range of motion) in the human body. As we have already stated, most joints in the body are at zero degrees when in one of the two reference systems. Usually, it is the position of the distal segment at the joint that defines the zero degree reference point, <ENTER> as shown in this picture. The forearm indicates the zero degree position. When the forearm is rotated about the elbow joint, we measure the joint displacement (or ROM) relative to this zero point. In this picture, we would say that the elbow allows approximately 140 degrees of motion or displacement. Do not confuse this with position. As for position, we would state that the forearm is at 140 degrees of flexion. <ENTER> The reference system for the ankle is different. As stated previously, the anatomical position for the ankle is 90 degrees. If we wanted to measure plantar flexion range of motion (ROM) as pictured in the figure on the slide, we know that the start position is 90 degrees, and the foot is plantar flexed to a position of 140 degrees. Therefore, the joint displacement or ROM is 50 degrees. As the foot dorsiflexes, it gets closer to zero degrees. In this case, the proximal segment is considered the zero point instead of the distal segment, as is the case at most joints. <ENTER>

SLIDE 25: In the frontal plane, the segment distal to the joint is again considered zero degrees. When the shoulder is abducted to the position shown, we would say that the joint angle is 40 degrees. Forty degrees also represents the joint position and the joint displacement in this example. <ENTER> In the case of the radioulnar joint, the neutral position depicted in the middle of the figure is considered the zero degree position. When the forearm is supinated to 90 degrees as shown on the right, 90 degrees represents the position and the displacement (or ROM) of the forearm in the transverse plane. When the forearm is pronated 90 degrees as shown on the left, we again use 90 degrees to represent the position and the displacement (or ROM) of the forearm in the transverse plane in the opposite direction. We will learn more about measuring ROM later in the semester, but for now it is important that you be comfortable with the concept of reference systems and how they are used in biomechanics and functional anatomy. <ENTER>

SLIDE 26: Finally, I would like to present some general guidelines that you should keep in mind when describing human motion, particularly motion of the body segments.  <ENTER>

SLIDE 27: First, make sure that you distinguish between motion & position of joints & segments. A common mistake that students make on the first exam is to mix up joint position with joint motion, or joint action. Suppose I put two diagrams on the exam as shown above and asked you to identify the sagittal plane motion at the knee during the phase from A to B. The joint action, or the displacement would be called extension, however, some students answer flexion. Their rationale is that the knee is in a flexed position in Diagram B. That is true, but my question was about joint motion rather than joint position. Make sure that you do not make that mistake!  <ENTER>

SLIDE 28: Second, you need to understand that either segment can rotate about a given joint. This can happen because when a muscle contracts, it exerts a force on all the bones it attaches to and attempts to rotate them if it has the leverage to do so. Which bone moves is determined by whether the muscle’s torque is larger than any opposing torques that may be acting on the bones as well. In most cases the distal bone moves because it is lighter than the proximal bone. But, if the distal bone is fixed by other torques and the muscle’s torque is large enough to overcome the weight of the proximal bone (and any other torques acting), then the proximal bone may move. In the example on the slide, hip flexion is occurring in both pictures, since hip flexion would be defined as a decrease in the anterior angle at the hip joint. In the first diagram this flexion occurs because the pelvis rotates toward the femur. In the second diagram, this flexion occurs because the femur rotates toward the pelvis. <ENTER>

SLIDE 29: Third point. With regard to the human body segments, we have talked primarily about angular motion because those are the gross movements that we can see. However, you must understand that the bones in the body also move linearly with respect to the joints, and this has tremendous implications for injury prevention as well as performance enhancement. We will discuss this in more detail later in the semester. <ENTER>

SLIDE 30: Fourth, while we have been discussing and defining movement in terms of the 3 reference planes in the body, movement occurs most often in oblique planes around oblique axes. This oblique motion is depicted in the diagram on the slide. This diagram depicts the path of the club and arms during the golf swing. If we use the right arm as our reference, we can see that there is abduction and adduction in the frontal plane, but that it is not confined solely to this plane. The “rear view” or sagittal view shows us that there is some flexion and extension in this movement as well. This combination of planes is very common in movement, but when we analyze movement, it is often most helpful to reduce the analysis to the 3 planes and to determine how much movement is occurring in each plane. For example, in the golf swing, the golfer could maintain the proper abduction and adduction and yet make a grievous error if they flexed or extended too much in the sagittal plane. <ENTER>

SLIDE 31: Finally, when you observe motion, whether it is in person or on a videotape, you should align yourself (or the camera) so that you are looking at the plane of interest, down the axis of rotation. This perspective provides you the best opportunity for observing motion in that plane. If you need to see motion in multiple planes, then you should adopt multiple positions and or use multiple cameras to capture motion in all planes of interest. <ENTER>

SLIDE 32: During this subtopic, Basic Kinematic Concepts, we have introduced the terminology and concepts that are used in biomechanics and functional anatomy to describe human motion. Our emphasis has been on qualitative descriptions rather than quantitative descriptions. To summarize what we have discussed, let’s identify the steps that we should take to qualitatively describe motion: <ENTER>

1. Identify the system of interest – what is the object that you are interested in? should you represent that object as a point or a line? <ENTER>

2. Identify the type(s) of motion of interest – which type of motion are you interested in – linear or angular? <ENTER>

3. Identify the reference system for the motion – make sure you know what reference system is appropriate for the movement of interest and where the zero points are for the system <ENTER>

4. Describe precisely the temporal & spatial characteristics of that motion using appropriate terminology for the situation – use all kinematic variables that are appropriate

· Time

· Position

· Displacement (ROM)

· Velocity

· Acceleration

We will begin to apply these concepts over the course of the next few weeks, as we begin to try and understand the causes of motion. For the last few weeks of the semester, we will use these steps as part of our systematic qualitative analysis of human movement! <ENTER>

SLIDE 33: For the next lecture day, we will cover 

· Lecture Topic #2

· Subtopic C – Vector Algebra 
