Biomechanics

The primary objective this course of study in dance is to help the student understand the nature and function of human movement in sport, dance, physical recreation, and adapted movement activities. However, the principles and concepts for studying human movement may be applied beyond the realms of physical education and sport. Movement principles are applied to the analysis of daily living activities, to the analysis of work tasks, to injury rehabilitation protocols, and even to movement analysis of other animals such as working, racing, and show horses. During the production of the movie Jurassic Park, biomechanical principles were cited in speculation of how dinosaurs may have moved. The competent movement professional should be well versed in the subject matter of this specialized field and its numerous subdisciplines. 

Within the broad definition of kinesiology, the movement specialist may study human movement from a variety of perspectives: biomechanical, psychological, philosophical, sociological, or physiological. Kinesiology is the title given most recently to a program of study related to the sciences of human movement.  Traditionally, kinesiology has been associated with the anatomical and mechanical bases of human movement in sport, athletic training, dance, and adaptive activities. 

The combination of knowledge of the biological and material properties of the skeletal, articular, and neuromuscular systems and of the laws and principles set forth in mechanical physics provides the foundation for the development of a more appropriate name for this subdiscipline biomechanics. Generally, biomechanics is defined as that area of study wherein the knowledge and methods of mechanics are applied to the structure and function of the living human system. Biomechanics is not an area reserved for study by the physical educator or coach, however. Biomechanical knowledge is used in several diverse disciplines including biology, ergonomic, engineering, physiology, medicine, and mechanical physics. Many professionals - engineers, designers, physical therapists, oral and orthopedic surgeons, cardiologists, and aerospace engineers make practical applications of biomechanics. A biomedical engineer may study the biological and material properties of the human body and appropriate mechanical aspects to understand the flow of blood within the arteries. The knowledge gained may then be applied to help reduce or solve circulatory problems. A human factors designer may study the physical characteristics of the human body and the mechanical aspects of its movements to design an efficient work space. Such knowledge would then enable the designer to determine the most effective height for a worktable or to provide sufficient space between one work area and another. A teacher or coach may study the physical characteristics of the human body and the principles of mechanical physics to guide a performer to a mechanically effective performance.

Mechanical Qualities of Human Movement

The area of study of the mechanical aspects of any system is called mechanics and may be divided into two categories: statics, the study of factors associated with nonmoving systems, and dynamics, the study of factors associated with systems in motion. The area of dynamics is further divided into kinematics, the study of the time and space factors of motion of a system, and kinetics, the study of the forces acting on a body that influence its movement. One may attempt to remain motionless, but doing so is almost impossible. Even while standing, the body sways from side to side and forward and back- ward. Nevertheless, a static analysis may be made of the human body in near-static activities such as standing, balancing, and doing certain resistance exercises. In most work, daily living, and sport situations, however, dynamic analysis is required because total body or segmental movement takes place.

Approaches for Studying Movement

Two approaches are used for studying the biological and mechanical aspects of movement – a qualitative approach and a qualitative approach. The quantitative approach involves describing a movement of the body or its parts in numerical terms. Such quantification of movement helps eliminate subjective description because it relies only on numerical data obtained from instrumentation. Numbers obtained by measuring or counting can describe the physical situation. The observer then may use this quantification to de- scribe or explain the actual situation. Usually, it is neither economical nor a wise use of time for a movement specialist to attempt to quantify the movements of each subject; instrumentation often is expensive, unavailable, or inaccessible, and is difficult to transport to the workplace, home, field, swimming pool, or gymnasium. The techniques of quantitative analysis also can be quite time-consuming. Nevertheless, an understanding of the information gained from a quantitative analysis will help most movement specialists understand and apply information from current scientific literature on a given sport or activity. 

The qualitative approach will produce a description of movement in non-numerical terms (i.e., without measuring or counting any part of the performance).  The impressions gained from a qualitative analysis may be substantiated with quantitative data, and many hypotheses for research projects are formulated in such a manner. Qualitative evaluations of performance should be based on the analyst's ability to recognize the critical features of the skill. Subjective conclusions based on qualitative analyses can be rejected or affirmed on the basis of subsequent quantitative study.

Both qualitative and quantitative analyses provide valuable information about a performance; however, qualitative assessment is the predominant method used by movement analysts to assess the quality of movements of performers. In most teaching and coaching situations, analysis of movement is based on visual observation. Typically, qualitative analysis of everyday situations is based on observation and memory of a performance so that subsequent evaluation can be made. Videotapes and films provide visual records that may be viewed and reviewed to identify more variables than can be recognized by a single observation and memory alone. 

Although films and videotapes can provide measurement records for quantitative analysis, great care must be taken to prepare and conduct the filming so that valid measurements can be obtained. Often this is not possible unless special arrangements are made. Therefore, mechanical analyses based on films and videotapes are usually qualitative rather than quantitative. 

Videotapes and films enhance the learning process because they provide valuable visual feedback to the performer. The movement specialist should be able to perform a visual qualitative analysis if film or video- tape is being used, so that an immediate comment can be given to the performer while the movement experience is still fresh. The specialist's knowledge of bio- mechanics becomes increasingly important as the refinements become more minute. Without videotape or film or some other recording tool, small refinements could not be observed at all because of the limitations of human perception.

Efficiency and Effectiveness of Performance

If one is to consider the efficiency of movement, one must incorporate the concepts of work and energy. An efficient movement is one in which a given amount of work (movement) is done with a minimum of energy expenditure.   Efficient movement is a definite advantage to performers such as marathon runners and swimmers who want to do as much work as possible with their limited amount of energy, or to labourers who must perform repetitive tasks for eight hours or longer. The more efficient mover is able to continue the repetitive task longer at the same pace, or can perform at a faster pace with less energy expended, than a less efficient counterpart. For most sports activities other than marathon events, however, the primary concern is not with saving energy to prolong performance. Rather, biomechanists focusing on these activities are concerned more with the effectiveness of a performance that is, with determining the most appropriate movements to help the performer successfully accomplish the overall performance objective. The degree of work required by the movement or the amount of energy expended in performing it are not as important. For example, a lOO-m run can be performed more efficiently by a runner who runs at half the speed of a more effective runner who arrives at the finish line first.

The Skeletal System

Structurally, the human skeleton is divided into two parts, the axial skeleton, which includes the skull, thorax, pelvis, and vertebral column, and the appendicular skeleton, which includes the upper and lower extremities. The axial skeleton consists of the skull (29 bones), the thorax (25 bones), and the vertebral column (26 bones). In addition to the twelve pairs of ribs, the sternum is the only other bone in the thorax. The sternum is a fused unit of three parts: the manubrium, the body, and the xyphoid process. Although the three separate sections of the sternum are fused, knowing their locations is important for identifying muscle attachments and the mechanics of muscle pull. The vertebral column consists of five regions: the cervical spine (7 bones), the thoracic spine (12 bones), the lumbar spine (5 bones), the sacrum (5 bones fused into a single unit), and the coccyx (4 bones). 

The appendicular skeleton consists of two basic divisions, the upper right and left extremities (32 bones each) and the lower right and left extremities (31 bones each) .The upper extremity begins with the shoulder girdle complex and ends with the fingertips. The lower extremity begins with the pelvic girdle and ends with the toes. For the most part, the individual carpals (bones in the hand) and tarsals (bones in the foot) are not of primary functional significance in the biomechanics of sport, although two tarsals do play an important function in weight bearing and should be identified: the talus (directly below the tibia) and the calcaneus (the great bone of the heel, directly below the talus). 

The skeleton has several important functions: (I) to protect vital organs within the body, (2) to support soft tissues, (3) to serve as the factory for making red blood cells, (4) to serve as a reservoir for minerals (calcium and phosphate), (5) to provide the attachments for skeletal muscles, and (6) to act as a system of machines to receive muscle torques and to make movement possible. Of these services, the last two are of particular concern to biomechanists and kinesiologists.

Articulations

The human skeleton is a system of bones joined together to form segments or links. These links are movable and provide for the attachment of muscles to produce movement. The junction of two bones is called an articulation. 

Classification of Articulations 

A synarthrodial articulation is the juncture between two bones that are considered immovable because they do not display any particular movement. Synarthrodial joints do allow slight movement in response to an applied force and thus do have the ability to absorb shock. The sutures between the bones of the skull are examples of synarthrodial articulations. Amphiarthrodial articulations are slightly movable because a fibrocartilaginous disc (between the vertebrae) or a ligament or membrane links the two bones (scapula to the clavicle).  Because of the connective tissue, the two bones may slightly shift in their relative positions. These types of joints also absorb shock by providing "give" in response to the forces that can separate or force together the two bones. 

The most common type of articulation encountered in the study of human movement is the freely movable joint named the diarthrodial articulation. There are several types of diarthrodial articulations named for the types of movements they allow.  Hyaline cartilage covers the adjoining ends of the bones. Such cartilage is the smooth, elastic substance similar to that, which is found on the ends of chicken bones. Its main functions are to absorb shock and provide a relatively frictionless surface over which the bones may move. When degeneration of articulations occurs, the hyaline cartilage may crack, chip, or wear away from the end of the bone; the resulting exposed bone endings and chips of cartilage that may lodge within the joint make movement painful. 

The joint cavity provides a space for the movement of the two bones and houses the synovial fluid, a fairly viscous material that lubricates the hyaline cartilage. There is some indication that the viscosity of the fluid may change with activity; this has been implicated as being part of the "warm-up" effects that occur during the initial stages of movement. The synovial membrane surrounds the joint cavity but does not cover the hyaline cartilage. It is filled with nerve endings and is quite sensitive to changes within the capsule or pressure from foreign objects such as bone spurs. On the outside of the synovial membrane is the articular capsule. The capsule surrounds the articulation like a collar and helps hold the bones together. Ligaments are the connective tissues that connect the two bones and are on the outside of the capsule. Tendons, which are also on the outside of the capsule, are connective tissues that in many cases attach the muscles to the bone. Not all muscles have tendinous attachments. Some muscle fibers attach directly to the periosteum (covering) of the bone itself. A tendinous attachment serves two functions: (1) it concentrates the force of the muscle's pull into a small area on the bone, and (2) it allows a greater freedom in changing the angle at which the muscle pulls on the bone. The importance of this second factor will become more evident in the discussion on muscle mechanics. The fibrous attachments of the muscles are generally found on the origin (the least movable end) of the bone and are associated with large muscles, which may develop great force and pull on relatively large bones such as the pelvis or the scapula. 

Questions

1. Determine whether each of the following activities requires a static or dynamic analysis: 

(a) a supermarket checker at work, 

(b) a handstand, 

(c) a sprint starting position, 

(d) a hammer throw, 

(e) the en garde position in fencing, 

(f) a football line stance, 

(g) a chip shot in golf, 

(h) a basket- ball free throw, 

(i) word processing, 

(j) a conformation evaluation of a show horse, 

(k) an older adult standing from a seated position.

2. The following statements are from analyses of movement activities. Indicate which are qualitative and which are quantitative. 

a. The greater the angle of takeoff, the greater the vertical velocity component. 

b. The angle of takeoff was found to be 23 degrees. 

c. The style of high jump was more effective for jumper A than for jumper B. 

d. Jumper A jumped 30 cm higher than jumper B. 

e. Raising the arms over the head will raise the center of gravity within the body. 

f. An object swung in an arc and released from its circular path will travel in a new path tan- gent to the arc at the point of release.

3. A list of hypothetical titles of biomechanics articles related to movement are listed below. Which articles examine the kinematics of a movement, and which concern the kinetics of a movement? 

a. "The timing of the segments during a golf swing" 

b. "A comparison, of the strength of the erector spinae muscle group in postal workers and their supervisors" 

c. "The flight of the discus" 

d. "Accuracy in the tennis forehand drive" 

e. "Muscular force involved in baseball batting" 

f. "The effects of variation of speed and direction of object flight in Frisbee" 

g. "Ground reaction forces generated in airline baggage handlers " 

h. "Force production in the clean and jerk" i. "Velocity patterns of a lifting task" 

j. "Comparisons of the force production of proper and poor long jumpers' takeoff"

4. Describe three activities in which efficiency should be reduced in favour of effectiveness.

