Lecture Notes

Skeletal System – Tissue Level
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: We will now move into our third main lecture topic of the semester. <ENTER>
SLIDE 2: Again, I want to remind you where we are in the course outline. We have covered the first two lecture topics thus far this semester. We are ready to begin our third lecture topic – Anatomical Concepts Related to Human Movement. It is in this unit that we will learn more about the subdiscipline of functional anatomy. You will remember that at the beginning of the semester, we defined functional anatomy as the subdiscipline of kinesiology concerned with understanding (1) the contributions of the muscular and skeletal systems to human movement, and (2) the acute and chronic effects of activity on the musculoskeletal system. We stated that the emphasis would be on only two of the 11 organ systems in the body – the muscular and skeletal systems – with some discussion of the nervous system. We want to learn how these systems contribute to movement and, to a lesser extent, how movement impacts the health status of these systems. <ENTER>

SLIDE 3: With this definition in mind, it is easy to identify what two areas we will cover in this unit – The Skeletal System and The Muscular System. When we combine the concepts in this unit with the concepts we learned in unit 2 – Biomechanical Concepts Related to Human Movement – we will be ready to perform some basic analyses of human movement and understand some of the basic principles that underlie strength and conditioning in sport and rehabilitation. <ENTER>
SLIDE 4: Let’s begin this unit with the Skeletal System. <ENTER>
SLIDE 5: Before I introduce functional anatomy concepts related to the skeletal system, I want to review some things you learned in your Human Anatomy class. We can study the human body at 6 different levels – the chemical, cell, tissue, organ, organ system, and organism levels. The focus of functional anatomy is typically at the tissue, organ, organ system, and organism level. Let’s review these levels to make sure we understand what we mean by each one. <ENTER>  

SLIDE 6: The chemical level of organization involves interactions between atoms and their combinations into molecules. The cell level represents the basic living units of all plants and animals. While different types of cells differ from each other in their structure and function, all cells have 4 basic characteristics: a nucleus, organelles, cytosol, and a cell membrane. The nucleus controls life processes; the organelles carry out the life processes; The cytosol is the fluid in the cell containing the nucleus & organelles, and is responsible for nourishing them; and finally, the cell membrane forms the external boundary of the cell. An understanding of the chemical and cell levels of organization are extremely important to the study of human movement, and are necessary for studying certain topics from a functional anatomy perspective. However, these levels will not be the focus of this course. <ENTER>

SLIDE 7: A tissue is a group of cells with similar structure and function, together with the extracellular substances located between them. There are four main types of tissue in the body: epithelial, muscle, nerve, and connective. We will talk a little bit about all of these except epithelial. An organ is two or more tissues that perform one or more common functions. We will explore this level for the muscular and skeletal systems. <ENTER>

SLIDE 8: An organ system is a group of organs classified as a unit because of a common function or set of functions. Can you name the 11 organ systems in the body? <ENTER> As I have already stated, our focus will be on 2 of these systems: the skeletal and the muscular. Can you identify the other systems that are studied by other subdisciplines within kinesiology? Finally, the organism is a complex of organ systems all mutually dependent on each other. The organism of interest in kinesiology is the human organism, and our purpose in kinesiology is to study the organism so that we can enhance movement capabilities, prevent injury, and prevent chronic disease. The subdiscipline of functional anatomy addresses questions related to all three of these purposes. <ENTER>
SLIDE 9: Since our focus will be on the musculoskeletal system, let’s take a moment to identify the primary function of these systems working together. <ENTER> The general function of the musculoskeletal system is to cause or control movement, for the specific purpose of <ENTER> support (maintenance of upright posture), <ENTER> allowing movement (for body transport and manipulation of objects), and <ENTER> protection. The contributions to these functions differ for the muscular and skeletal systems when functioning independently, but none of these functions is possible without the cooperative work of these 2 systems. <ENTER>

SLIDE 10: To accomplish these functions, <ENTER> the musculoskeletal system operates like a machine, which is defined as a powered mechanism designed to move such that it is capable of applying forces to other objects. <ENTER> The skeletal system provides the structure, and <ENTER> the muscular system provides the force. <ENTER>

SLIDE 11: Now that we have reviewed some relevant material from your Human Anatomy course, let’s begin our discussion of the skeletal system. We will cover four topics for this system as listed on the slide. <ENTER>

SLIDE 12: Let’s begin our study with a discussion of the general structure and function of the skeletal system. <ENTER>

SLIDE 13: In general, the skeletal system is comprised of bones and joints. <ENTER> The bones are the organs that comprise the skeletal system. A joint (articulation) is defined as a place where two bones (or bone and cartilage) come together. The study of bones is called osteology; the study of joints is called arthrology. We will examine each of these structures separately, and then discuss their cooperative function at the system level. Specifically, the skeletal system is comprised of 206 bones <ENTER>, although this number may differ across people due to the presence of additional sesamoid bones in some individuals. There are over 200 joints in the body <ENTER>, and together, the bones and joints make up 12-15% <ENTER> of total body weight of an individual. The dominant tissue in the skeletal system is connective tissue. <ENTER> We will talk more about connective tissue later in this unit. The last point I want to make about the general structure of the skeletal systems is this structure can and does vary across individuals. <ENTER> The number, size, shape, and attachments of individual structures (bones, ligaments, bursae, etc.) varies across people. Since structure is very important in determining function, functions (or movement capabilities) will vary across people as well. You must remember that we are as different on the inside as we are on the outside. Recognizing these structural differences will help us understand why people differ in their movement capabilities. While we cannot usually change our basic skeletal structure, it is important that we understand how structure limits or enhances movement so that we know exactly what we can expect from specific individuals. Some examples of how structure varies function are 

· Differences in bone lengths affect muscle insertion angles and the ability of muscles to generate torque, e.g., broad shoulders, long necks, etc.

· Differences in the size of bony prominences (greater tubercle, condyles of knee) also affects muscle insertion angles, muscle moment arms, and, therefore, muscle torque production (e.g., deltoid, hamstrings) <ENTER>

SLIDE 14: The bones and joints of the body are grouped into two main categories: the axial and appendicular skeletons. The axial skeleton <ENTER> is comprised of the ~80 bones in the head (29 bones) and thorax (51 bones). The shoulder and pelvic girdles are not included. <ENTER> The bones are generally singular or paired; the only multiple bones in the axial skeleton are the vertebra. <ENTER>

SLIDE 15: The appendicular skeleton is attached to the axial skeleton and <ENTER> is made up of ~ 126 bones. It is comprised of the upper and lower extremities, including the shoulder complex (scapula and clavicle included, the upper arm, the forearm, hand, pelvic girdle, thigh, lower leg, and foot.  <ENTER> The bones are multiple and paired – there are no single bones in the appendicular skeleton.  <ENTER>

SLIDE 16: Generally speaking, the skeletal system forms the rigid framework of the body, without which we would not be able to move. Specifically, the skeleton <ENTER>

1. Provides shape, and serves as the supporting framework for the other organ systems <ENTER>

2. Provides protection for the other organ systems <ENTER>

3. Provides storage for and production of minerals and red blood cells, and <ENTER>

4. Provides a system of machines for transmission of forces for movement

In general, we will focus on function #4 in this class.  We want to understand how the skeletal system contributes to overall movement of the body.  In your Human Anatomy course, you learned the names of specific bones in the body and their associated markings for muscle attachment.  In this class we will build on this knowledge by learning muscle attachments on the bones. The type of movement(s) that a muscle can produce will depend in part on the where it is attached on a bone and on the structure of the bones and joints of that particular segment.  Therefore, studying the bones and their markings enables you to understand how muscles produce movement. <ENTER>

SLIDE 17: Now that we have an understanding of the general structure and function of the skeletal system, let’s turn our attention to the tissue level of the skeletal system. <ENTER> What is the primary type of tissue found in the skeletal system? As we stated earlier, it is connective tissue. Let’s take a closer look at connective tissue – its structure and function so that we will better understand skeletal injuries and the development of osteoporosis, a debilitating disease in the elderly. <ENTER>

SLIDE 18: As listed on the slide, we will cover three topics at the Tissue Level of the Skeletal System. Let’s begin our discussion of the tissue level with Properties of Connective Tissue. <ENTER> 

SLIDE 19: There are 4 mechanical properties of connective tissue that are most important in determining its unique function in the human body. These mechanical properties are determined by proportions of the tissue components (collagen, elastin, ground substance, minerals, and water) and how these components are arranged. We will talk more about these components in a few minutes. The first property that we will discuss is strength. <ENTER> Strength is defined as the amount of load that a tissue can handle before it sustains permanent damage. A strong tissue is one that  can handle a very large load before permanent damage to the tissue occurs. The property of strength is what separates connective tissue from other tissues in the body. Connective tissue is by far the strongest tissue in the body. This high strength is directly related to the structure of connective tissue. We will discuss this structure in a few moments. The second property we will discuss is stiffness. Stiffness is defined the ability of a tissue to resist deformation. A stiffer material can resist being deformed (stretched, compressed, sheared, bent, or twisted) better than a less stiff tissue. If we say that one tissue is stiffer than another, we mean that for a given load (say 100 lbs), the stiff material will not be deformed as much as the less stiff material. Do not confuse strength & stiffness – they are not the same thing. Two tissues can have equal strengths but different stiffnesses. For example, ligaments and tendons may have equal strengths [i.e., be able to handle equals loads before suffering permanent damage (say 100 lbs], but at this load, the tendon may deform more than the ligament, which means that the ligament is stiffer than the tendon. The third property is extensibility. <ENTER> Extensibility is defined as the ability of a tissue to be stretched, or deformed. A more extensible tissue can be stretched further. Finally, the fourth property is elasticity. <ENTER> Elasticity is defined as being able to regain its original shape after being deformed. Do not confuse elasticity with extensibility. Some tissues may be able to be stretched (extensible), but cannot regain their shape (elastic) after being stretched. These four properties determine the functional aspects of connective tissue. Let’s use a graph to help us better understand these properties. <ENTER>

SLIDE 20: Load-deformation curves are often used to help us understand the properties of a tissue better. In these graphs, the load is plotted on the y-axis (vertical axis), and the deformation experienced at that load is plotted on the x-axis (horizontal axis). The point at which the curve begins to bend is the point at which permanent damage is sustained in the tissue. <ENTER> Prior to this point, the tissue is said to be elastic, that is, it can perfectly regain its original shape. At the point that permanent damage occurs (the yield point), the tissue is said to become plastic, meaning that it will not be able to perfectly regain its shape. These yield points would define the point at which a ligament sprain occurs. The load at which this yield point occurs would be defined as the tissue’s strength. <ENTER> Therefore, the strength for Tissue A depicted on the slide is ~20 N, and the strength for Tissues B and C is ~15 N. <ENTER>
SLIDE 21: The slope of the elastic portion of the curve represents the stiffness of the tissue. <ENTER> In this case, Tissues A & B have the same stiffness than Tissue C, and the stiffness of A & B is greater than that for Tissue C. This greater stiffness means that at a given load, A and B do not deform as much as C. For example, at a load of For example, when a load of 10 N is applied to Tissues A and B, they are deformed ~2.5 cm. <ENTER> The same load applied to Tissue C causes a deformation of almost 6 cm. <ENTER> Therefore, Tissues A and B are stiffer (more resistant to deformation) than Tissue C. Notice, though, that this does not necessarily mean Tissues A and B are stronger than Tissue C. Refer to the previous slide again if you don’t understand the difference. <ENTER>
SLIDE 22: Finally, we can determine extensibility for a tissue using this curve as well. Tissue A can be deformed ~5 cm before suffering permanent damage. <ENTER> Tissue B can only be deformed ~3.5 cm before suffering permanent damage. <ENTER> And, Tissue C can be deformed almost 9 cm before suffering permanent damage. <ENTER> Therefore, Tissue C is the most extensible of these three tissues. These graphs help us understand the properties of different structures and different types of tissues in the body. For example, ligaments and tendons may have equal strengths [i.e., be able to handle equals loads before suffering permanent damage (say 100 lbs], but at this load, the tendon may deform more than the ligament, which means that the ligament is stiffer than the tendon. Make sure that you can interpret one of these graphs on the exam. <ENTER>
SLIDE 23: We will now examine the structure that makes these functions possible. <ENTER>
SLIDE 24: Connective tissue serves two general functions. The first general function is mechanical support, which can be broken down into 6 specific functions: <ENTER>

· Bind cells together in tissues, organs, systems <ENTER>

· Support and hold organs in place <ENTER>

· Provide stability and shock absorption for joints <ENTER>

· Provide flexible links between bones <ENTER>

· Provide smooth articulating surfaces between bones <ENTER>

· Transmit muscle force

We will focus on the last 4 functions in this list. From this list, you should be able to see why connective tissue is the primary tissue of the skeletal system. The functions of connective tissue match up well with the functions that we listed earlier for the skeletal system. You can also understand why connective tissue is the strongest tissue in the body. It must be strong so that it can serve these mechanical support functions, and transmit forces for movement of the bony levers. <ENTER> A second function of connective tissue is intercellular exchange. Intercellular exchange is the exchange of nutrients, gases, and other substances (waste products) between the vessels of the circulating body fluids and the cells adjacent to the vessels, and between cells adjacent to each other. Connective tissue is important in maintaining the health of cells in the body. We will not talk much about this function. <ENTER>

SLIDE 25: The general functions of connective tissue are dictated by the general structure of the tissue. <ENTER> Connective tissue has two primary components: a cellular component and an extracellular matrix. <ENTER> The cellular component has two main components: the resident cells and the circulating cells. <ENTER> The resident cells are responsible for producing and maintaining the extracellular matrix of the tissue. The prefix and suffix of the cell name tell you what the cell does and which type of connective tissue it is associated with. The prefix ‘chondro-’ refers to cells found in cartilage tissue; the prefix ‘osteo-’ refers to cells found in bone tissue; and the prefix ‘fibro-’ refers to cells found in ordinary connective tissue. <ENTER> The suffix ‘-blast’ refers to cells that produce the matrix of its respective tissue; <ENTER> the suffix ‘-clast’ refers to cells that resorb or take up the matrix of its respective tissue; and the suffix ‘-cyte’ refers to mature cells. <ENTER> The circulating cells defend and clean up the tissue. Examples of circulating cells are: 

· Macrophages engulf and digest bacteria and other foreign bodies, and dispose of dead cellular material from injury or cell death. 

· Plasma cells produce antibodies that inactivate and destroy harmful bacteria and other substances. 

· White blood cells destroy harmful bacteria and other substances. 

· Mast cells produce heparin which prevents blood clotting.

<ENTER> The presence of an abundant extracellular matrix that separates cells is the structural characteristic that separates connective tissue from other tissue types. The consistency of the extracellular matrix consistency determines the mechanical  properties of connective tissue. The extracellular matrix consists of 2 parts: protein fibers and ground substance. <ENTER> The ground substance is the nonfibrous part of matrix. It is a viscuous gel of mainly large CHO and CHO-protein (CHO-N) molecules suspended in water. It is responsible for mechanical support and intercellular exchange. It is the glue that binds the cells together. <ENTER> The protein component consists of collagen and elastin fiber protein fibers. It is the proportion and arrangement of these fibers that determine how elastic, extensible, strong, and stiff a given type of connective tissue is. We will examine these fibers a little further.

SLIDE 26: Elastin is one of the two protein fibers found in connective tissue. <ENTER> It is characterized by a random arrangement of molecules. <ENTER> It is this random arrangement that affords it its great extensibility. Because the molecules are arranged randomly, they can be stretched out until the molecules lie parallel to each other, as shown in the diagram on the right. At this point they are not able to stretch further. Elastin has an ultimate strain of 200%, which means that it can stretch to be 200% longer than its original length. For example, a 2 cm tissue made of elastin can stretch to be 6 cm in length. <ENTER> The trade-off is that elastin has very low tensile strength, meaning that it cannot handle a very large tensile (pulling apart) load before it suffers permanent damage. <ENTER> Elastin is yellow in color, so connective tissue that is composed primarily of elastin is typically more yellow in color as well. <ENTER> An example in the real world that might help you understand the function of elastin is a rubber band. A rubber band is very extensible and elastic – it can stretch a long way before it actually starts to suffer permanent damage. However, it does not take much force to stretch and actually cause it to tear. <ENTER>
SLIDE 27: The second protein fiber found in connective tissue is collagen. <ENTER> Unlike elastin, it is characterized by a parallel, or regular, arrangement of molecules. <ENTER> Because the fibers are already fairly parallel, they cannot stretch very far before becoming taut, thus limiting the extensibility of the fiber. This lack of extensibility is illustrated in the diagrams. Collagen has an ultimate strain of only 10%, which means that it can only stretch to be 10% longer than its original length. For example, a 2 cm tissue made of collagen can only stretch to be 2.2 cm in length. <ENTER> The trade-off is that collagen has very high tensile strength, meaning that it can handle a very large tensile (pulling apart) load before it suffers permanent damage. <ENTER> Collagen is white in color, so connective tissue that is composed primarily of collagen is typically more white in color as well. <ENTER> An example in the real world that might help you understand the function of collagen is a shoelace. A shoelace is not very extensible – it cannot stretch very far, but can handle a relatively large tensile load (as compared to a rubber band) before it actually starts to suffer permanent damage. <ENTER>

SLIDE 28: The last topic that we want to cover at the tissue level is Types of Connective Tissue. <ENTER>

SLIDE 29: Connective tissue can be classified based on function and based on structure. A classification system for types of connective tissue is shown on the slide. This system combines both functional and structural classification schemes. At the first level, there are two types of connective tissue which are classified according to their function: ordinary and special. Ordinary connective tissues have two main functions: 1) binding cells together into tissues, organs, and systems; and 2) providing mechanical links between bones at joints, and between muscles and bones. Special connective tissues are called special because they serve unique functions in the body. We will discuss more about these in a few minutes. The second level of the classification is based primarily on structure, and consists of irregular ordinary, regular ordinary, cartilage, and bone. <ENTER> The unique functions and the mechanical properties of each type of connective tissue are determined by <ENTER> the numbers and types of cells found in the cellular component, the proportions of collagen, elastin, ground substance, minerals, and water found in the extracellular matrix, and the arrangements of the protein fibers and minerals of the extracellular matrix. We will now spend a few moments discussing irregular ordinary, regular ordinary, cartilage, and bone tissue. <ENTER>

SLIDE 30: The extracellular matrix of ordinary connective tissues consists of three basic components: elastin fibers, collagen fibers, and ground substance. Classification into regular and irregular ordinary connective tissue is based on the arrangement of the fibrous content of this matrix. In irregular ordinary connective tissue, the fibers tend to run in all directions with no set pattern. As shown on the previous slide, there are four main types of irregular ordinary connective tissue: loose (areolar), adipose, irregular collagenous, irregular elastic. Loose CT is the most widely distributed CT, and is used to bind cells into tissues and tissues into organs. It also provides a supporting framework for nerves, blood vessels, and lymph vessels. It is composed of elastin and collagen suspended in a large amount of ground substance. Therefore, it has moderate strength and elasticity. Adipose CT also has a random network of collagen and elastin like loose CT, but there is little ground substance. Therefore, it also has moderate elasticity and strength. It provides padding around organs and joints, and forms a continuous layer beneath the skin for the purpose of insulation. <ENTER> Irregular collagenous CT consists of few elastin fibers and little ground substance. The large collagen content and the irregular arrangement of the collagen bundles enable the tissue to resist being stretched in any direction. The tissue does have some extensibility due to the wavy arrangement of the collagen bundles. Irregular collagenous CT forms the epimysium (muscle), epineurium (nerves), perichondrium (cartilage), periosteum (bones), and the capsule around certain organs (kidneys, liver, spleen). <ENTER> Irregular elastic CT consists of few collagen fibers and moderate ground substance. The large elastin content and the irregular arrangement of the elastin bundles enable the tissue to stretch in many directions. The tissue does have moderate strength due to presence of the collagen bundles. Irregular elastic CT is found in the walls of arteries, larger arterioles, the trachea, and bronchial tubes. <ENTER>
SLIDE 31: In regular ordinary connective tissue, the fibers tend to be oriented in the same overall direction. There are two main types of regular ordinary connective tissue: regular collagenous and regular elastic. Regular elastic CT consists of few collagen fibers and little ground substance with primarily elastin fibers arranged parallel to each other. Regular elastic CT is found where moderate amounts of strength and elasticity are required in a single direction, such as the elastic ligaments of the spine: the ligamentum nuchae and ligamentum flavum. <ENTER> Regular collagenous CT consists consists almost entirely of collagen fiber bundles arranged parallel to each other. It is extremely strong and virtually inextensible. It is found in tendons & aponeuroses, ligaments & joint capsules, and retinacula. <ENTER> 

SLIDE 32: There are two other terms that are often used to describe connective tissue. <ENTER> Whereas all of these connective tissues could be called fibrous since they all contain protein fibers, the term fibrous tissue usually refers to regular or irregular collagenous tissue – tissues with a high collagen content. <ENTER> The term elastic tissue usually refers to regular or irregular elastic tissue – tissues with a high elastin content. We will now briefly describe the two types of special connective tissue: cartilage & bone. <ENTER>

SLIDE 33: Like ordinary connective tissues, cartilage has an extracellular matrix that consists of collagen and elastin fibers embedded in ground substance. However, unlike ordinary CT, the ground substance is highly specialized, with CHO-protein molecular complexes called proteoglycans suspended in large amounts of water. These proteoglycans + water form a highly viscous gel which forms a tough rubbery material capable. <ENTER> This rubbery material is very strong, and can resist tension, compression, and shear loads, as well as combination loads such as bending and torsion. In comparison, ordinary CT are only designed to resist tensile loads. Cartilage has good extensibility and elasticity, with moderate stiffness. <ENTER> There are three types of cartilage tissue found in the body, which are defined according to the proportions of collagen, elastin, and proteoglycan gel in the matrix. Hyaline cartilage is found at the bony surfaces of diarthrodial (synovial) joints, and reduces friction within the joint. It is also found in the costal cartilages, the supporting rings of trachea and larger bronchial tubes, the larynx, and the external nose. Fibrocartilage consists primarily of dense collagen fibers, and is found in articular discs of synovial joints, cartilaginous discs in amphiarthrodial joints (spine, pubic symphysis), the labrum of the hip and shoulder, and the lining of bony grooves (e.g., intertubercular groove of humerus). It distributes load at these joints, absorbs shock, increases joint congruency, and reduces friction. Elastic cartilage is yellow in color because it consists of primarily elastin fibers. It is found in the larynx, the earlobe (pinna), and the eustachian tube. <ENTER>

SLIDE 34: The other type of special connective tissue is bone tissue. Bone tissue is the strongest and most rigid (stiffest) of all the connective tissues. The matrix of bone consists of a dense, layered, regular network of collagen fibers embedded in a hard solid ground substance called bone salt. Bone salt consists of a combination of calcium phosphate and calcium carbonate with smaller amounts of magnesium, sodium, and chlorine. Bone salt makes up about 70% of the weight of bone (45-50% mineral; 20-25% water) with the collagen making up the remaining 30%. <ENTER> Bone is very stiff, strong, and tough, with little elasticity. However, the elasticity is significant enough to enable bone to absorb sudden impact without breaking. Bone is anisotropic, meaning that the mechanical properties are dependent on the direction of the load. Bone is strongest in compression and weakest in shear. <ENTER> There are two types of bone tissue: compact (cortical) and cancellous (trabecular) bone. Compact bone is found in the shaft, or diaphysis, of a bone. It is denser, and therefore able to resist loads more effectively. Cancellous bone is lower in density and forms the transition zone from the diaphysis to the ends of long bones, called the epiphyses. Because of its lower density, cancellous bone is more elastic than compact bone and thus ensures congruity in joints during load transmission. <ENTER>

SLIDE 35: <ENTER>

SLIDE 36: <ENTER>

SLIDE 37: This concludes our discussion of the tissue level of the skeletal system. For next time, we will examine the organ and system levels of the skeletal system. Continue to read in your textbook and work on the study objectives for the skeletal system.

