Lecture Notes

Skeletal System – System 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: Again, I want to remind you where we are in the course outline. We are in our third lecture topic for this semester – Anatomical Concepts Related to Human Movement. <ENTER>

SLIDE 2: And, we are still on the first topic area in this unit - The Skeletal System. <ENTER>
SLIDE 3: We have covered two topics to date in the Skeletal System – the General Structure & Function and the Tissue Level. We now want to take the concepts that we have learned thus far this semester and combine them to help us understand the structure and function of the skeletal system. <ENTER>

SLIDE 4: We will cover three topics at the System Level: Classification of Joints, Accessory Structures, and System Level Function. <ENTER>

SLIDE 5: Let’s begin with Classification of Joints. <ENTER>

SLIDE 6: Joints in the body can be classified based on structure and/or function. Since our focus in this class is on function, we will use a functional classification of joints. However, I will also present the structural classifications. As you will see, the two classification systems parallel each other closely, again reminding us that structure and function are intimately related. <ENTER> There are three types of joints in the body when defined according to function: synarthrodial, amphiarthrodial, and diarthrodial. We will now discuss each of these. <ENTER>

SLIDE 7: With regard to function, synarthroses are joints that are considered immovable. This may seem counter-intuitive to what you consider to be the function of joints, but as we will see later, stability (the ability of a joint to resist displacement or motion) is just as important as mobility. In the case of synarthroses, stability is the most important function. Synarthroses joints can be further subdivided based on their structure. <ENTER> Sutural syndesmoses are immovable joints in which the bones are joined by fibrous (or collagenous) tissue. <ENTER> Synchondroses are immovable joints in which the bones are joined by cartilaginous tissue. Examples of each are presented on the following slides. <ENTER>

SLIDE 8: An example of a sutural syndesmosis joint is the suture joints of the skull. These joints are temporary in nature. They begin as membranous (fibrous) joints at birth to allow for growth, and then proceed to synostosis, where the fibrous tissue ossifies once the individual has reached adulthood.

SLIDE 9: Synchondroses can be either temporary or permanent. The temporary synchondroses all go to synostoses at some point during physical maturation (between the ages of 10-25). <ENTER> Examples of temporary synchondroses include the epiphyseal plates, apophyseal plates, the articulation between the 1st rib and the manubrium, and the articulations between the ischium, ilium, and pelvis.  <ENTER>

SLIDE 10: Permanent synchondroses remain joints throughout our lifetime. <ENTER> Examples of these include the articulations between ribs 2-10 and their respective costal cartilage. <ENTER>

SLIDE 11: The second type of joint found in the body is amphiarthrosis. With regard to function, amphiarthroses are joints that are considered slightly movable. They generally allow the bones to slide linearly to some degree, which may allow what appears to be a small (5-10º) rotation. However, this rotation is not considered a pure rotation. The primary reason for this slight movement is usually force absorption, although these small movements may add up to gross movements that seem like large rotations, as seen in the spinal column. Amphiarthroses joints can be further subdivided based on their structure. <ENTER> Membranous syndesmoses are  slightly movable joints in which the bones are joined by fibrous (or collagenous) tissue. <ENTER> Sympyses are slightly movable joints in which the bones are joined by cartilaginous tissue. Examples of each are presented on the following slides. <ENTER>

SLIDE 12: Examples of membranous syndesmoses are found at the mid radioulnar and mid tibiofibular joints. These joints are joined by what are called interosseous (fibrous) membranes, which allow these bones to move a little bit relative to each other. <ENTER>

SLIDE 13: A typical symphysis joint is depicted on the slide. Bones of symphysis joints are joined by a fibrocartilage disc, and are often surrounded on 2 or more sides by ligamentous structures. <ENTER>
SLIDE 14: Examples of symphysis joints include the body-to-body joints in the spine, and the manubriosternal joint of the sternum. <ENTER>

SLIDE 15: The third type of joint found in the body is diarthrosis. With regard to function, diarthroses are joints that are considered freely movable. It is in these joints that we typically see the rotational movements that we have defined earlier in the semester (e.g., flexion, abduction, medial rotation). Freely movable does not mean that there are no restrictions on movements at these joints. However, compared to syarthroses and amphiarthroses, large ranges of motion are permissible at these joints. Diarthroses joints can be further subdivided based on their function. <ENTER> As we learned in lab earlier this semester, these joints may be classified as nonaxial, uniaxial, biaxial, and triaxial, depending on the number of planes in which they permit rotation. <ENTER>

SLIDE 16: All diarthrodial joints have 4 common characteristics. <ENTER> First, they are completely enclosed by a fibrous (ligamentous) joint capsule which, in part, determines the ROM available at the joint. <ENTER> Second, the joint capsule is lined with a synovial membrane, which is responsible for producing synovial fluid that fills the <ENTER> joint cavity. <ENTER> Finally, the ends of the bones in the joint are lined with hyaline articular cartilage. All of these characteristics serve to enhance the freely moveable function of diarthrodial joints. The joint cavity allows the bones the freedom to move and rotate relative to each other. The hyaline articular cartilage and the synovial fluid secreted by the synovial membrane reduce the wear and tear associated with this freedom of movement by reducing friction in the joint and increasing force absorption. The joint capsule provides the joint with integrity, and defines the end points in the ROM. <ENTER>
SLIDE 17: Nonaxial diarthrodial joints are also called gliding, or plane, joints. One example of nonaxial joints are the <ENTER> joints between the tarsal bones of the foot, or the intertarsal (IT) joint. <ENTER> Another example is the joints between the carpal bones of the wrist, or the intercarpal (IC) joints. <ENTER>

SLIDE 18: Other examples of nonaxial joints are those found:

· between the metatarsals of the foot & and metacarpals of the hand (intermetarsal & intermetacarpal joints) 

· between the tarsals and metatarsal bones of the foot (tarsometatarsal joints 1-5) 

· between the carpals and metacarpal bones of the foot (carpometacarpsal joints 2-5 only)

<ENTER> Another example of nonaxial joints is the facet joints between the vertebrae. There are two facet joints between every two vertebrae, in addition to the body-to-body amphiarthrodial joints we identified earlier. Note that none of the joints in the spinal column (with the exception of one that we will discuss in a moment) allow pure rotation. However, as I stated earlier, the summative effect of the 5-10º permitted at each of these individual joints in the spinal column makes it appear that we can rotate the spinal column in all three planes. <ENTER>

SLIDE 19: Two final examples of nonaxial joints are found in the shoulder girdle – the acromioclavicular and sternoclavicular joints. As you can see there are numerous nonaxial diarthrodial joints in the body. Please do not let the name “nonaxial” fool you. While these joints do not allow pure rotation, they do allow a large amount of linear motion, which at some joints results in substantial movement of the associated bones. This linear motion is also important for force absorption as well. Some of you in other courses will learn about the significant contribution that these joints make to ROM and to shock absorption at various parts of the body. <ENTER> 

SLIDE 20: Uniaxial joints can be further subdivided based on their structure into hinge and pivot joints. Hinge joints are uniaxial joints that permit sagittal plane motion only. <ENTER> One example of a uniaxial hinge joint is the talocrural, or ankle, joint. Although we can move the foot in the frontal plane in inversion and eversion, these movements do not occur at the ankle joint. The movements here are called dorsiflexion and plantar flexion, as we have already learned this semester. <ENTER> Other examples of uniaxial hinge joints are the humeroulnar, or elbow, joints, and <ENTER> the interphalangeal (IP) joints of the fingers and toes. Neither of these joints allow hyperextension – only flexion and extension. One final example of a uniaxial hinge joint that is not pictured is the 1st metacarpophalangeal (MCP) joint of the hand. <ENTER>

SLIDE 21: The second type of uniaxial joint is the pivot joint. The uniaxial pivot joint allows motion in the transverse plane. <ENTER> One example of this type of joint is the proximal and distal radioulnar joints, where the radius is permitted to rotate about the ulna. These movements are called pronation and supination. <ENTER> Another example of a uniaxial pivot joint is the atlantoaxial joint – between C1 and C2 in the cervical spine. This is the joint that allows us to rotate our head almost 90º. <ENTER>
SLIDE 22: Biaxial joints can be further subdivided into 4 types based on structure: condyloid, ellipsoid, saddle, and bi-condyloid. With the exception of the bicondyloid structure, the biaxial joints allow motion in the frontal and sagittal planes. Therefore, the movements permitted at a typical biaxial joint are flexion, extension, (hyperextension for some), abduction, adduction, and circumduction. Examples of condyloid biaxial joints are the metacarpophalangeal (MCP) and metatarsophalangeal (MTP) joints in the hand and foot, respectively. Collectively, they are called the MP joints. These are the joints where the fingers and toes joint the hand and foot. The only MP joint that is not biaxial is the 1st MCP joint, as mentioned under uniaxial hinge joints. All others fall under this classification. Condyloid joints are structurally typified by a convex condylar surface that articulates with a concave condylar surface. The second type of biaxial joint to be discussed in the ellipsoid joint. An ellipsoid joint is one in which an elliptical convex surface articulates with an elliptical concave surface. An example of a biaxial ellipsoid joint is the radiocarpal, or wrist joint. This joint permits flexion, extension, and hyperextension in the sagittal plane, and radial deviation and ulnar deviation in the frontal plane. Circumduction occurs at this joint as well. <ENTER>
SLIDE 23: Biaxial saddle joints are so named because their structure resembles that of a rider sitting in the saddle on a horse. These joint typically allow a greater ROM in the frontal and sagittal planes than ellipsoid and condyloid joints, almost to the point that the circumduction resembles a rotation in the transverse plane. One example of a saddle joint is the sternoclavicular (SC) joint. We presented this joint earlier as a nonaxial gliding joint, however, some anatomists classify it as a saddle joint because of the large ROM of the clavicle about the sternum. It is important that these classification systems are discrete, and some joints may have characteristics that would place them into several categories. <ENTER>

SLIDE 24: Another example of a saddle joint is the calcaneocuboid joint. Again, the intertarsal joints were presented earlier as nonaxial gliding joints, but as with the SC joint, the ROM of the calcaneocuboid joint is quite large and at times resembles rotation rather than linear motion, especially when working in conjunction with the talonavicular and subtalar joints. The classic example of the saddle joint is the 1st carpometacarpal (CMC) joint of the thumb. It is at this joint that opposition and repositioning of the thumb is possible, along with the typical frontal and sagittal plane motions. <ENTER>

SLIDE 25: The exception to the biaxial joints with regard to motion is the bicondyloid joint found at the knee. Historically, the knee joint was classified as a hinge joint, as its structural characteristics were similar to other hinge joints in the body. However, the ROM permitted in the transverse plane is not similar functionally to other hinge joints. This dissimilarity led some anatomists to consider the individual condylar articulations on the medial and lateral side as separate condylar joints which must function together since they are joined together structurally. This joint permits motion in the sagittal and transverse planes, rather than the sagittal and frontal planes. These movements are caused flexion and extension, and medial and lateral rotation, respectively. <ENTER>

SLIDE 26: The fourth subclassification of diarthrodial joints are triaxial joints, known structurally as ball-and-socket joints. There are two of these in the body – the glenohumeral (shoulder) and coxal (hip) joints. These joints allow motion in all three planes around all three axes. <ENTER>

SLIDE 27: Now that we have identified the functional joint classification systems, let’s move to our second topic: Accessory Structures. These are other structures that are found in or around the joints of the body for the purpose of enhancing mobility or stability of the joint, or providing added protection to the joint in some fashion. These structures are not found at all the joints of the body, and any one joint does not typically contain all of these structures. <ENTER>

SLIDE 28: The structures that we will review are tendons, synovial (tendon) sheaths, ligaments & joint capsules, retinacula, fasciae, articular discs, bursae, and labrums. <ENTER>

SLIDE 29: Tendons are composed of regular collagenous connective tissue, the strongest tissue in the body outside of bone. <ENTER> The function of tendons is to connect muscle to bone and to transmit muscle force to the bone so that movement of the bone can occur. This transmission of force is the reason that such a strong tissue is needed. <ENTER> Tendons most often develop and transmit force actively through muscle contraction. When the muscle contracts it pulls on the tendon and causes it to stretch and develop force, which is then transferred to the bone. Tendons also develop and transmit force passively if the muscle is stretched by an external force or by the contraction of the antagonistic (opposite) muscle group. <ENTER> Though we typically associate muscles and tendons with movement, tendons and muscles represent our 1st line of defense in joint stability. If we can anticipate a rapidly applied load to a joint (through one or more of our senses, or because of previous experience), then we contract the appropriate muscles to offset the anticipated load. If we cannot anticipate the  rapidly applied load, then muscles and tendons cannot react quickly enough to enhance joint stability, and we must rely on our 2nd & 3rd line of defense. If the load is applied slowly enough, then muscles may be able to respond quickly enough to offset the load. Regardless of how fast the load is applied, if the load is greater than the force or torque that the muscle can create, injury will occur. <ENTER> We typically use 2 terms to identify structures that connect muscle to bone. “Tendon” is used to describe a narrow band or cord-like connection between muscle and bone, whereas aponeurosis is a broad band connection, or a sheet of regular collagenous tissue that connects a muscle to bone. <ENTER>

SLIDE 30: The second accessory structure I would like to present is the synovial sheath. <ENTER> A synovial sheath is a closed sac of synovial fluid interposed between a tendon and other structures such as an osseofibrous tunnel or retinaculum.  It typically consists of two layers of a synovial sheath that produce synovial fluid, and is covered on the outside by a fibrous tissue sheath <ENTER> Its function is to prevent or minimize friction on the tendon. An example is depicted on the slide. This figure illustrates the synovial sheath that surrounds the biceps tendon (long head) in the bicipital (intertubercular) groove to protect the tendon from wear and tear as it slides up and down the groove against the bone. <ENTER>

SLIDE 31: Another example is the synovial sheath that surrounds the tendons of the flexor digitorum muscles in the carpal tunnel. This sheath keeps the tendons from rubbing against each other, against the carpals, against the median nerve, and against the flexor retinaculum. When this sheath or the tendons surrounded by the sheath get irritated or inflamed, it swells and places pressure on the median nerve. This condition is known as carpal tunnel syndrome, and usually occurs as a result of repetitive use of the wrist, particularly in a poorly aligned position. <ENTER>

SLIDE 32: As discussed previously, joint capsules are found at all diarthrodial joints in the body. <ENTER> Joint capsules are composed of regular collagenous tissue, and typically enclose the entire joint. <ENTER> They typically consist of 2 or more layers that are laid out in a criss-crossed arrangement to allow the capsule to strongly resist stretching in a number of directions. They work passively (must be stretched by an external force) to determine endpoints in the ROM at diarthrodial joints. <ENTER>

SLIDE 33: Ligaments are found in all synovial joints, in addition to the joint capsule. <ENTER> They are composed of regular collagenous tissue whose fibers are aligned in a direction of imposed stress that commonly occurs at the joint. <ENTER> Their function is to connect bone to bone and provides stability to the joint. Ligaments, along with joint capsules, determine the endpoint in the ROM for a given joint. <ENTER> Ligaments work passively to resist motion. They must be stretched before they develop force and resist motion. They are the 2nd line of defense in joint stability. In unanticipated rapidly applied loads, or in loads where the muscle torque is not sufficient to resist the load, the ligaments and joint capsule provide the resistive force or torque to ensure joint stability. If the ligamentous or capsular torque is not sufficient to resist the applied load, then we must rely on our third line of defense. We will discuss this 3rd line of defense shortly. <ENTER>

SLIDE 34: Ligaments can be divided into two categories: capsular and noncapsular. <ENTER> Capsular ligaments present themselves as a distinct thickening in part of the joint capsule that provides additional strength in one direction. Examples of capsular ligaments are shown on the overhead. <ENTER> The anterior acromioclavicular ligament is a distinct thickening on the anterior portion of the joint capsule of the acromioclavicular (AC) joint. Although not pictured on the slide, there is also a posterior AC ligament on the posterior aspect of the AC joint capsule. Since ligaments and joint capsules work passively to resist motion, can you figure out which motion of the scapula the anterior AC ligament would resist? If the scapula attempted to move posteriorly about the AC joint as it does in retraction, the anterior AC ligament would be stretched and exert a force on the scapula that would attempt to protract the scapula. Can you see this? Therefore, we would say that the anterior AC ligament controls retraction of the scapula at the AC joint. Another example of a capsular ligament is the anterior sternoclavicular (SC) ligament. It is a distinct thickening on the anterior portion of the joint capsule of the sternoclavicular (SC) joint. <ENTER>

SLIDE 35: Noncapsular ligaments are distinct bands that are separate from the joint capsule or only partially attached to it. <ENTER> Examples of noncapsular ligaments are the coracoacromial ligament, the coracoclavicular ligaments, and the costoclavicular ligament. None of these joints are fully connected to a specific joint capsule, but each one provides extra reinforcement to a specific joint. The coracoacromial ligament reinforces the superior glenohumeral joint. The coracoclavicular ligaments reinforce the AC joint, and the costoclavicular ligament reinforces the SC joint. Can you figure out which scapular motion the coracoclavicular ligaments resist or control? If you guessed elevation, you are correct. <ENTER>

SLIDE 36: Noncapsular ligaments can be further subdivided into extracapsular and intracapsular ligaments. <ENTER> Extracapsular ligaments are noncapsular ligaments (distinct bands separate from the joint capsule or only partially attached to it) that lie outside of the joint capsule. <ENTER> The three ligaments that we reviewed on the previous slide are all extracapsular ligaments. <ENTER>

SLIDE 37: Intracapsular ligaments are noncapsular ligaments (distinct bands separate from the joint capsule or only partially attached to it) that lie inside of the joint capsule. These ligaments are found in joints where extra stability is needed. An example of an intracapsular ligament is the ligamentum teres of the hip joint. Look at the diagram on the right. Can you figure out what type of ligaments are depicted here – capsular or noncapsular? <ENTER> All three of these are capsular ligaments because they lie on the joint capsule and are simply distinct thickenings in part of the joint capsule that provide additional strength in one direction. <ENTER> 

SLIDE 38: At the knee joint, most of the major ligaments are extracapsular ligaments. While you may think (and it may look like) the cruciate ligaments lie inside the knee joint (and they do in one sense of the word), they lie outside of the joint capsule. The joint capsule of the knee is a very complex and convoluted structure and does not surround the outside of the joint as found in most diarthrodial joints. Therefore, these ligaments are considered extracapsular instead of intracapsular ligaments as they might appear. <ENTER>

SLIDE 39: Let’s examine the passive function of ligaments a little closer. If muscle contraction or some other force attempts to abduct the femur at the hip joint, the superior iliofemoral ligament and superior portion of the joint capsule are stretched and exert a force on the femur. Can you draw a force vector to represent the force exerted by the iliofemoral ligament? You should use the same rules that we used with muscle force vectors. When the ligament is stretched, it applies a force on both bones to which it attaches. However, the point of application of our force vector should go on the femur, since that is the bone whose motion we are interested in. The direction of the vector should be in the direction that the fibers initially pull on the bone. Now, can you draw the vector? <ENTER> Since we are talking about resistance to an angular motion (adduction), then the ligament must create be able to exert a rotational abductor torque on the femur. In order to do this, the force must have a moment arm. Can you draw a moment arm for the force vector? <ENTER> First, draw the axis of rotation, then, <ENTER> draw a perpendicular line connecting the line of force to the axis of rotation. Because the ligamentous and capsular force passes superior to the joint axis, they create an abductor torque on the femur. <ENTER> <ENTER> This torque resists adduction and determines the endpoint in the ROM for adduction. <ENTER>

SLIDE 40: Another accessory structure found in the skeletal system is the retinaculum. <ENTER> A retinaculum is a broad single layered sheet of regular collagenous CT. <ENTER> Retinacula serve the primary function of maintaining proper position of tendons in the body. This function is accomplished using two basic methods. In the first method, the retinaculum restricts side-to-side movement of a tendon, by acting as a guy rope, much like the steel cables that hold telephone or electric poles up. An example of this is found at the knee where the medial and lateral retinacula restrict side-to-side movement of the patellar tendon. This restriction causes the patella to track vertically rather than side-to-side when the quadriceps muscle group contracts. There are situations in which the patella tendon tracks too far to one side, usually the lateral side, and causes patellofemoral problems and pain. While there are many causes and treatments of patellafemoral problems, one treatment is to perform a lateral release, where the lateral retinaculum is cut so that the patella is not pulled too far laterally. <ENTER>

SLIDE 41: In the second method, the retinaculum acts as a pulley to prevent tendon from springing away from a joint. This pulley action increases mechanical leverage or efficiency of those tendons by maintaining the moment arms for those tendons. Examples of these type of retinacula are found in the ankle, wrist, and fingers. <ENTER>

SLIDE 42: We use the term fascia to describe any type of ordinary connective tissue that is arranged in a sheet. There are three layers of fascia that are defined in the body, but we will only be concerned with two. Superficial fascia is a continuous layer of loose CT that connects skin to underlying muscle and bone. Deep fascia refers to sheets of irregular collagenous tissue that form sheaths around muscles and groups of muscles, separating them into functional units. <ENTER>

SLIDE 43: Another accessory structure found in some amphiarthrodial and diarthrodial joints is the articular disc. <ENTER> An articular disc is a disc of fibrocartilage that lies between the two bones forming the articulation. Their function is to improve congruence in the joint. <ENTER> Congruence is defined as the area over which the joint reaction force (JRF) is transmitted. If this area is increased, then the force is distributed over a larger area and compressive stress (or pressure) in the joint is decreased. This improves shock absorption and maintains normal joint movements and distribution of synovial fluid in the diarthrodial joints. <ENTER> Other examples of these are found in the amphiarthrodial symphysis joints such as the body-to-body joints in the spine and the pubic symphysis. <ENTER>

SLIDE 44: A bursa is a closed sac of synovial fluid that is interposed between structures (usually bone and some other soft tissue) that move relative to each other. <ENTER> Its function is to prevent or minimize friction, particularly on the soft tissue. One example of a bursa is the subacromial bursa of the shoulder that lies between the deltoid muscle and the greater tubercle, and the supraspinatus tendon and the acromion process. <ENTER>

SLIDE 45: Numerous examples of bursae are found at the knee. Can you identify what soft tissue is protecting in the diagram above, and from what bony structure is it being protected? <ENTER>

SLIDE 46: Labrums are composed of fibrocartilage and are found in the shoulder and hip joints where they attach to the rim of the glenoid fossa and acetabulum, respectively. <ENTER> Their function is to deepen the socket at the ball and socket joint for increased stability while continuing to permit greater ROM than a bony socket would allow. <ENTER>

SLIDE 47: Now that we have reviewed these accessory structures, you have a better understanding of how the skeletal system and its associated structures contribute to the movement and stability function of the skeletal system. However, I want to spend a few minutes talking specifically about the contribution of bony structure, joint capsules, and ligaments to the joint function, since these are found at all diarthrodial joints in the body. <ENTER>

SLIDE 48: Before we begin, let’s define a few terms that are related to joint function. The primary functions of the joints, and thus the skeletal system are mobility and stability. <ENTER> Stability is defined as the ability of a joint to resist displacement or dislocation, or the strength of the bonds between the bones in a joint. <ENTER> Mobility is defined as the degree to which the bones are allowed to move before being restricted by surrounding tissues. Stability and mobility tend to be inversely related. In other words, as stability increases at a joint, mobility tends to decrease, and vice-versa. The primary factor that determines how stable or how mobile a joint is is the structure of the joint – specifically the bony and ligamentous/capsular structure. Whether the joint has some of the other accessory structures such as labrums and articular discs also determines mobility and stability, but the primary determinants are the bony and ligamentous/capsular structure. The bony and ligamentous structure of each joint is unique and defines the capabilities of that joint. Joints with good bony and ligamentous structural support in all three planes will be very stable (e.g., the hip)  while those with poor bony and ligamentous support in all three planes will be very mobile, but will sacrifice stability (e.g., the shoulder). Some joints are very stable in one plane and very mobile in other planes. Each joint is unique. <ENTER> Another term that we use to describe mobility is flexibility. Flexibility should be used to describe joint motion capabilities, not muscle capabilities. When we say that muscles are flexible, what we really mean is that the muscles are extensible and, therefore, permit good joint flexibility. <ENTER>

SLIDE 49: There are two general measures of mobility that we use to describe mobility of a joint. <ENTER> The first is degrees of freedom (DOF). DOFs refers to the number of planes in which rotation is considered normal for a joint. There are 3 possible DOFs for any given joint. This term is similar in concept to the subclassifications that we defined for diarthrodial joints: triaxial (3 DOF), biaxial (2 DOF), uniaxial (1 DOF), and nonaxial (0 DOF). <ENTER> A second measure of joint mobility is range of motion (ROM). ROM is defined as the angle through which a bone moves about a joint from anatomical position to the extreme limit of a segment motion in a particular direction. Unlike DOF, it is a specific and quantitative measure of joint mobility. ROM is joint specific – for a given person, a larger than normal ROM in one joint (for example, the shoulder) does not necessarily indicate that that person will have greater than normal ROM at every joint in his/her body. ROM is plane specific – for a given joint like the shoulder, a large ROM for sagittal plane motions (flexion, hyperextension) does not necessarily mean that the person will have large ROM in frontal and/or transverse plane motions. ROM is direction specific within a given plane – for example, good flexion ROM does not necessarily indicate that hyperextension ROM will also be good. ROM can be measured for every motion that is considered normal for a joint from anatomical position. For example, the shoulder joint will have a ROM measure for flexion, hyperextension, abduction, medial rotation, lateral rotation, horizontal adduction, and horizontal abduction. The only movement that is not included is adduction because adduction cannot occur beyond anatomical position. <ENTER>

SLIDE 50: There are several other terms that I want you to be familiar with as well. <ENTER> Hypermobile is a term used to describe a joint where ROM exceeds normal limits, while <ENTER> hypomobile is a term that describes a joint where ROM is less than what would normally be permitted. <ENTER> Laxity is the degree of instability in a joint, specifically the ROM in those directions considered abnormal for a joint. For example, at the knee joint, we would measure ROM in the sagittal and transverse planes since movements in those planes is considered normal. The expectation for movement in the frontal plane at the knee is zero. Therefore, if there was some movement in the frontal plane, we would say that the knee joint exhibited laxity in the frontal plane and was unstable in that plane. <ENTER> 

SLIDE 51: Finally, there are three other terms that I want you to be familiar with. <ENTER> A subluxation at a joint refers to a transient (temporary) decrease in the normal contact area (congruency) between the articular surfaces. <ENTER> A luxation refers to a transient separation (complete distraction) of the articular surfaces in a synovial joint; the articular surfaces usually come back together when the load is removed. <ENTER> Finally, a dislocation is a permanent separation of the articular surfaces, and often requires manipulation by medical personnel to restore the normal relationship. These injuries occur when the joint is subjected to very large forces such as encountered in unexpected situations and high speed collisions. These injuries result in stretching and sometimes tearing of the ligaments, joint capsules, and other soft tissues around the joint to the point of some permanent damage in the structure. Therefore, the joint is typically more unstable than before and more susceptible to injury again. Now that we have a better understanding of terminology related to joint mobility and stability, let’s examine the specific role that bony structure and ligaments/joint capsules play in these functions. <ENTER> 

SLIDE 52: There are several factors that affect joint mobility and stability. Today we are going to discuss two of those factors: bony structure and ligamentous & capsular restraint. Both of these factors affect how mobile and how stable a joint is. Let’s first examine the role that bony structure plays in determining joint function. We have already learned that muscles & tendons provide our first line of defense against anticipated loads that attempt to move the joint past its normal ROM. If the load is unanticipated or it is greater than what the muscles can oppose, then ligaments/joint capsules provide a second resistance against destabilization of the joint. <ENTER> Bony structure serves as our 3rd and final line of defense against a destabilizing force. If we get to this point, then usually ligaments and/or the joint capsule has already been torn. If the bone is not able to resist the force, the bone breaks and catastrophic injury occurs. <ENTER> How does the bony structure stop this excessive motion? <ENTER> Well, contact between the bony surfaces creates torque on each bone from JRF of bone. Let’s use an example to help us understand this. <ENTER>

SLIDE 53: The first diagram depicts the elbow joint from a sagittal plane view. Draw in a point to represent the axis of rotation of the elbow. <ENTER> Now, pretend that this is your elbow and you attempt to extend the ulna past the normal ROM. If you extend it too far, bone-on-bone contact between the olecranon process of the ulna and the olecranon fossa of the humerus would occur. Therefore, the ulna would exert a force on the humerus, and the humerus would exert a force on the ulna. Since we are concerned with stopping the motion of the ulna, then we want to examine the forces that act on the ulna. Can you draw a force vector that represents the point of application and the direction of the force exerted by the humerus on the ulna? <ENTER> Since the ulna is extending because of an extensor torque being applied to the ulna, then in order for the humerus to stop the ulna, the force exerted by the humerus must create a flexor torque on the ulna. Does the force vector shown exert a flexor torque on the ulna? Only if the force has a moment arm about the elbow joint. Can you draw in a moment arm for the force vector? <ENTER> The force does have a moment arm, and you can see that this force would exert a <ENTER> flexor torque on the ulna. Therefore, the bony structure does have the ability to offset a force that is attempting to extend the ulna. Let’s use the second diagram to present another example. On the second diagram, draw in a point to represent the axis of rotation of the elbow. <ENTER> Now, pretend that this is your elbow and you attempt to flex the ulna past the normal ROM. If you flex it too far, bone-on-bone contact between the coronoid process of the ulna and the coronoid fossa of the humerus would occur. Therefore, the ulna would exert a force on the humerus, and the humerus would exert a force on the ulna. Again, since we are concerned with stopping the motion of the ulna, then we want to examine the forces that act on the ulna. Can you draw a force vector that represents the point of application and the direction of the force exerted by the humerus on the ulna in this example? <ENTER> Since the ulna is flexing because of a flexor torque being applied to the ulna, then in order for the humerus to stop the ulna, the force exerted by the humerus must create an extensor torque on the ulna. Does the force vector shown exert an extensor torque on the ulna? Only if the force has a moment arm about the elbow joint. Can you draw in a moment arm for the force vector? <ENTER> The force does have a moment arm, and you can see that this force would exert an <ENTER> extensor torque on the ulna. Therefore, the bony structure does have the ability to offset a force that is attempting to flex the ulna. Let’s use the third diagram to present one more example. <ENTER> This diagram depicts the elbow joint from a frontal plane view. Again, draw in a point to represent the axis of rotation of the elbow. <ENTER> Now, pretend that this is your elbow and you attempt to abduct the ulna, which we know is not a normal movement at the elbow joint. When you do this, bone-on-bone contact quickly occurs between the radial head and the lateral inferior surface of the condyle of the humerus. Therefore, the radius would exert a force on the humerus, and the humerus would exert a force on the radius. Since we are concerned with stopping the motion of the radius, then we want to examine the forces that act on the radius. Can you draw a force vector that represents the point of application and the direction of the force exerted by the humerus on the radius? <ENTER> Since the radius is attempting to abduct because of an abductor torque being applied to the forearm, then in order for the humerus to stop the radius, the force exerted by the humerus must create an adductor torque on the ulna. Does the force vector shown exert an adductor torque on the ulna? Only if the force has a moment arm about the elbow joint. Can you draw in a moment arm for the force vector? <ENTER> The force does have a moment arm, and you can see that this force would exert an <ENTER> adductor torque on the ulna. Therefore, the bony structure plays a primary role in preventing abduction (and adduction) at the elbow joint. <ENTER> 

SLIDE 54: The shape of the articular surfaces determines <ENTER> when in the ROM the reaction (rxn) torque is applied and the direction of the rxn force (and thus, size of moment arm and the magnitude of the rxn torque). Since the bony structure varies across people, this variation provides one explanation for the differences we see in ROM and laxity across people at a given joint. Let’s examine this idea a little further. <ENTER>

SLIDE 55: For example, how would a deeper olecranon fossa change 

· where in the ROM the rxn torque occurred

· the direction of the rxn force direction

· the magnitude of the rxn torque 

· The max ROM available

Can you draw a force vector that would represent the direction of the rxn force if the olecranon fossa were deeper? <ENTER> Where would the new moment arm be? <ENTER> The rxn torque would occur later in the ROM. The direction of the rxn force would be more superior, making the moment arm smaller and the rxn torque less. The maximum ROM available in extension would be greater. In this example, a deeper olecranon fossa would be detrimental to joint stability because joint ROM would be above normal and this would put the soft tissues around the joint at greater risk. Also, the rxn torque would not be as large, meaning that a smaller external torque would be required to cause injury to the joint. Let’s now examine the role that ligamentous and capsular restraint play in joint function. <ENTER>

SLIDE 56: Ligaments and joint capsules play a similar role to that of bony structure in that they create opposing torques to limit ROM at joints in the body. <ENTER> As stated earlier, ligaments and joint capsules are the second line of defense in joint stability. The magnitude of the torque produced by an individual ligament is determined by the size of the moment arm and the magnitude of force the ligament/JC produces. <ENTER> As we learned earlier this semester, the size of the moment arm is influenced by two factors: the point of application of the force and the angle of force application. In this example, point of application is determined by the attachment sites of the ligament/JC.  The angle of force application is directly related to the angle of attachment which is determined by the bony structure. <ENTER> The magnitude of the force exerted by the ligament depends on the strength and stiffness of the ligament/JC. These are determined by the material that the ligament/JC is comprised of and the size of the ligament/JC. Variations in any of these factors will affect the magnitude of the torque produced by the ligament/JC. <ENTER> Finally, the number of ligaments present at a given joint will determine the total resistive torque that can be provided for the joint. Joints that have more ligaments are typically more stable. Let’s use an example to help us understand this ligamentous/JC restraint function. <ENTER>

SLIDE 57: As before, the first diagram depicts the elbow joint from a sagittal plane view. The vector depicting the effects of the bony structure have been left on the diagram. <ENTER> Again, pretend that this is your elbow and you attempt to extend the ulna past the normal ROM. If you extend it too far, any ligaments or joint capsule on the anterior aspect of the joint (depicted by the dashed line on the front of the joint) would be stretched and produce a force on the humerus and the ulna. Since we are concerned with stopping the motion of the ulna, then we want to examine the forces that act on the ulna. Can you draw a force vector that represents the point of application and the direction of the force exerted by the anterior capsule/ligaments on the ulna? <ENTER> Since the ulna is extending because of an extensor torque being applied to the ulna, then in order for the anterior capsule/ligaments to stop the ulna, the force exerted by them must create a flexor torque on the ulna. Does the force vector shown exert a flexor torque on the ulna? Only if the force has a moment arm about the elbow joint. Can you draw in a moment arm for the force vector? <ENTER> The force does have a moment arm, and you can see that this force would exert a <ENTER> flexor torque on the ulna. Therefore, the ligamentous and capsular structures on the anterior aspect of the joint do have the ability to offset a force that is attempting to extend the ulna. <ENTER> The third diagram depicts the elbow joint from a frontal plane view. As you attempt to abduct the forearm, which we know is not a normal movement at the elbow joint, the ligaments or joint capsule on the medial aspect of the joint (depicted by the solid line on the medial joint) would be stretched and produce a force on the humerus and ulna. Since we are concerned with stopping the motion of the ulna, we want to examine the forces that act on the ulna. Can you draw a force vector that represents the point of application and the direction of the force exerted by the medial capsule/ligaments on the ulna? <ENTER> Since the forearm is abducting because of an abductor torque being applied to the ulna, then in order for the medial capsule/ligaments to stop the ulna, the force exerted by them must create an adductor torque on the ulna. Does the force vector shown exert an adductor torque on the ulna? Only if the force has a moment arm about the elbow joint. Can you draw in a moment arm for the force vector? <ENTER> The force does have a moment arm, and you can see that this force would exert an <ENTER> adductor torque on the ulna. Therefore, the ligamentous and capsular structures on the medial aspect of the joint do play a primary role in preventing abduction (and adduction) at the elbow joint. <ENTER>

SLIDE 58: How can the ligamentous/JC function be changed at a joint? Well, as we have already discussed, you would have to change the torque produced by the ligament by changing the size of the moment arm or the magnitude of the force. <ENTER> To change the size of the moment arm, you would have to change either the angle of attachment or the attachment site itself. This is typically not feasible in terms of making changes within a person, but it does explain differences across people. For example, let’s examine the function of the lateral ligaments/JC shown on the diagram. <ENTER> If we draw in a the force vector and the moment arm, we see that these lateral structures produce an abductor torque and would resist adduction of the forearm. Now suppose that the ligament were attached higher up the bone. <ENTER> The direction of the force vector would change and the moment arm would be smaller, decreasing the magnitude of the torque produced by the ligament/JC. This might explain joint stability differences between people. Also, differences in the size of bony prominences would also affect the direction of pull. <ENTER> The magnitude of the ligament/JC force is affected primarily the strength and stiffness of the ligament. This is determined by the materials that make up the ligament (which can be affected by exercise and diet) and the size of the ligament. <ENTER> Lack of taut (or slack) ligaments and joint capsules will affect where in the ROM the ligament develops tension, and thus torque. Again, genetics, diet, and exercise can affect this. <ENTER> And finally, the number of ligaments at a joint determines total resistive torque available. If a ligament is torn as part of an injury, the stability of the joint is forever compromised because ligaments cannot heal themselves, and the resistive torque about the joint is decreased. <ENTER>

SLIDE 59: In summary, <ENTER> <ENTER> <ENTER>  This concludes our lecture unit on the skeletal system. Our next unit will be the muscular system. 
