Biomechanics

The Movement of a System within a Frame of Reference

Concepts related to the motion of the body or the body's segments and the cause of those movements form the foundation for analyzing movement. A first step in examining movement is to identify the system. A system is a body or group of bodies or objects whose motion is to be examined; it might be an arm, a leg, a whole body, a pair of football players, a tennis ball, or a racket. To analyze the motion of the hand, for example, we would picture the hand as a segment subjected to the forces of muscle pull, the bone contact forces at the wrist joint, gravity, and other environmental forces acting on it. 

It also is necessary to identify a frame of reference in which a system's movement takes place. The frame of reference can be a stationary environment or one that also is moving. An example of the former describes the motion of a runner as a change in the body's location relative to the ground. An example of the latter describes the motion of the arms relative to the trunk. If a body segment is the system being studied, the frame of reference might be an adjacent segment, the midline of the body, a point on the head, or some other reference point on the body or in the environment. In the chin-up shown in Figure B.2a, the hand moves relative to the shoulder, but the hand does not move relative to the stationary environment (the bar). 

The same arm movement occurs when a chin-up is simulated without a bar. The hand moves relative to the shoulder, but it also moves relative to the stationary environment (Figure B.2b). The body does not move relative to the bar as it did in the actual chin-up, however. Recognizing such relative motion of different parts of the body is important in analyzing movements of the body, its segments, and objects in the environment. 

Orientation of the Moving Body in Space 

Directions of movement may also be identified according to their relationship with the ground. The orientation of the body is described within a spatial frame of reference. Movement of the body is then described as being in a direction of motion designated as the x direction, the y direction, and the z direction. Any direction that is parallel to the ground is identified as a horizontal direction; any direction that is perpendicular to the ground is identified as a vertical direction. 

Because there are three dimensions in space, there are three directions so named. The two directions that are perpendicular to each other and parallel to the ground are designated as the x and y direction. The x direction is parallel to the ground and runs forward and backward relative to the performer. Forward is designated as positive, and backward is designated as negative. The y direction is parallel to the ground and runs right and left relative to the performer. The left direction is positive, and the right direction is negative. The third, vertical direction, is perpendicular to the other two and is designated as the z direction. Its upward direction is positive, and its downward direction is negative. 

The x, y, and z directions may be used to describe the movement of the body or an object. For instance, the path of a golf ball may be described in this manner: The ball moves along the fairway in the positive direction but may drop in the negative z direction or slice in the negative y direction. 

The spatial directions of movement do not change with the body or object changing orientations in space. Rather, they are fixed, relative to the ground and the observer. As will be seen in a subsequent section, directions of body movements may be described by the body's reference system rather than this spatial system.  

Linear Motion 

When a system is forced to move in a path that is a line, it exhibits linear motion, that is, a change in location from one place to another within a spatial frame of reference. If the path is a straight line, it is called rectilinear, and if the path is curved, it is called curvilinear. For example, a dropped ball travels a rectilinear path toward the ground, or a jumper travels a curvilinear path over a high bar. The path of a pencil along a ruler is rectilinear; the path of a thrown discus moving through the air is curvilinear. Using only the word linear to mean rectilinear is customary. 

The distance (d) that a system moves in a straight line is measured in linear measurement units such as meters, feet, centimeters, inches, kilometers, or miles, and is called the linear displacement of a system.

Rotary Motion 

If a point within a system is restricted or secured so that the system rotates around this point when it moves, that point serves as an axis of rotation, and the resultant motion of the system is called rotary or angular motion. In the human body, each segment is connected to one or more adjacent segments to form joints. The joints serve as the locations of the fixed points around which the rotations of the body segments take place. For instance, when performing a forearm curl, the entire forearm, hand, and dumbbell rotate around the elbow joint. (If plotted, the path of the weight would produce an arc or curved path with a constant length radius representing rotary motion.) Movement is restricted at the elbow joint, which provides resistance to downward motion of the elbow end of the forearm; the hand end of the forearm is free to move, however, and consequently rotates about the elbow joint. 

The change in location of a rotating body is called its angular displacement and is designated by the Greek letter theta (8) .The path of a rotating body is measured in angular measurement units such as revolutions, degrees, or radians. (A radian is a proportion of a circle and is equivalent to approximately 57.3 degrees.) Examples of angular displacement of a system exhibiting rotary motion include the sweeping of the second hand on a clock through 360 degrees with each revolution, shaking the head "no" as it rotates about the neck, and rotating the forearm through 80 degrees as a weight is lowered. 

Linear and Angular Motion 

In most human movements the entire body or simply its segments move linearly and rotate at the same time. For example, a diver falls linearly downward while simultaneously rotating in a somersault. Other examples in sport are the legs of a runner moving forward as they rotate around the knee joints, the body of a pole vaulter rotating around the grip of the pole while being thrust upward in a curvilinear path, and a gymnast performing a somersault dismount from a balance beam.

The Body Systems Links and Movement

As was seen in studying the skeleton and its articulations, the body is composed of segments linked together at their articulations. Thus, the body is. basically a system consisting of movable segments or links. The skeleton may be divided into minute divisions for precise description in which each bone, no matter how small, is considered a separate unit; or it may be divided into the largest possible units for simplicity (e.g., the head, neck, and trunk; the upper extremity; and the lower extremity) .The more numerous the identified links, the more precise the description of what the body is doing; however, the description may become too intricate for practical purposes. The fewer the links, the simpler the description. If too few are included, however, identification of many important movements is lost to the observer. Thus, a compromise is in order. For our purposes, the body is divided into eleven functional segments, or links: head and cervical vertebrae (neck), thorax and thoracic vertebrae, lumbar vertebrae, pelvis and sacrum, thigh, leg, foot, shoulder girdle, arm, forearm, and hand. Technically, some of these segments comprise more than one link (e.g., the shoulder girdle, the vertebral column, the hand, and the foot).

Anatomical Position 

The upright position, in which all joints are extended and the palms are facing forward, is called the anatomical position of the body. Although this position is a convenient starting point for describing movement, it is not a practical one because most movements of the body in sport or daily activities are not initiated from it. Starting positions in sport activities begin from an infinite number of positions, and the movement patterns proceeding from these positions also involve complicated combinations. By using the anatomical position as a frame of reference, however, it is easy to describe and define the movements and positions of muscles, bones, and ligaments.

Body and Segmental Planes and Axes 

Two useful concepts for defining segmental and body movements are the plane of motion created by a movement and the axis of rotation around which a movement occurs. If one were to punch a hole in the center of a piece of cardboard and insert a pencil through the hole, one would have a representation of a plane (cardboard) and an axis (pencil). If a dot were drawn on the cardboard, it would circle around the pencil when the cardboard was rotated around the pencil. 

he pencil represents an axis around which rotational movement occurs. The cardboard represents a plane of movement along which movement occurs. Thus, the dot on the cardboard moves around the axis (pencil) and along the two-dimensional space (plane) taken up by the cardboard. If the pencil axis were inserted through a human body from the right side to the left side, the body could rotate around the axis and move along the plane. Note that the axis and the plane are always perpendicular to each other; that is, they form a 90-degree angle.  

When an axis runs in a side-to-side direction relative to the body, as in this example, it is called a mediolateral (ML) axis. This axis in the spatial frame of reference is called the y axis or direction. (The ML axis is sometimes referred to as the frontal axis or one of the two transverse or horizontal axes.) The rotation of the body or any segment around a ML axis is along an invisible plane that is perpendicular to the axis. This plane, which divides the body or a segment into right and left sections, is called a sagittal plane. The sagittal plane is a two-dimensional plane made up of movements in some combination of x and z spatial directions. 

When the axis and plane are used to describe total body movement, as in the previous example, they are designated as the body's axis and plane. For cases in which the body rotates free of support, the body's plane and axis of movement pass through its center of gravity (CG). The planes and axes that pass through the body's CG divide the body into equally distributed mass halves (right and left, top and bot- tom, front and back), and they are called principal or cardinal planes and axesWhen the body is supported by the ground or another surface, the planes and axes of total body movement are not necessarily through the body's CG. For example, a gymnast swinging around the high bar moves along a sagittal plane and around an ML axis located at the bar, not through the body's CG. The axis in this illustration is not a principal axis. 

A body segment that moves along a sagittal plane and around an ML axis is called a segmental plane and axis. The plane and axis have the same orientation as the body's plane and axis of movement but are located through the joint in which the movement occurs. Example movements are the lifting of the arm or the leg forward from the anatomical position. The location of these segmental axes is through the respective joint centers that are represented here by dots. 

Other examples of segmental movements around an ML axis and along a sagittal plane include the pulling of the foot up toward the leg, the flexing of the elbow joint, and bending over to touch the floor. 

If the total body turns in the air, as in the aerial cartwheel, the body turns around an axis that runs through the body from front to back, and the body moves along a plane that passes from side to side. The spatial direction is the y direction. The plane is made up of movements in the y and z spatial directions. In this case, the plane is called a frontal plane, because it divides the body into front and back parts. The axis around which the body or its segments turn while moving in a frontal plane is called the body's anteroposterior (AP) axis or sagittal axis. The AP axis passes through the body or an articulation from the front to the back. 

Other examples of moving segments around the AP axis and along a frontal plane include the flexing of the trunk or the head to the side and the moving of the hand toward the thumb side or little finger side of the forearm. 

The third possibility for movements is represented when, the total body is performing a movement in which the body turns around an axis running from the head to the foot. The motion of the body is along a plane that is perpendicular to the axis and that divides the body into upper and lower parts. The plane consists of movement in the x and y spatial directions. The axis is called the body's longitudinal axis, and the plane, the body's transverse plane. 

The segmental longitudinal axes are longitudinal relative to the bones and segments that are moving and not necessarily longitudinal relative to the total body. The plane and axis are mutually perpendicular and pass through the joint centers where the movements are taking place, in this case, the respective hip and shoulder joints. Other movements of the body segments around their longitudinal axes and along transverse planes include rotating the head to the side and rotating the forearms in order to turn the hands. 

In daily activities, sports, and work activities, the human body rarely uses the anatomical position, and movement occurs infrequently along only one of the three principal planes. Most movement occurs diagonally among all the principal planes. Aside from isolated movements such as the forearm curl, movements of the body begin and end from positions that require rather complicated descriptions. Nevertheless, all segmental or link movements occur around axes running through the joint centers and along the planes perpendicular to these axes. 

Terminology for Describing Segmental Movements

As we have seen, any skeletal link (segment) moves around an axis that passes through a joint and along a plane. Movements are named according to the following convention: the movement taking place, the segment performing the movement, and the joint center of the articulation where the movement occurs. For example, one would describe the forearm curl as flexion of the forearm about the elbow joint axis. (The axis is the mediolateral axis and the anteroposterior plane.) Most movements of the segments occurring at the articulation can be categorized according to the plane of movement and the joint's axis of rotation. The unique movements of some joints are designated by special terms. 
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Mediolateral Axis-Sagittal Plane Movements  

Table B.1 lists the segmental movements that occur and the articulations through which the ML axis and sagittal plane pass. Movements illustrating these joint motions around a ML axis and along a sagittal plane are shown in Figure B.11.
Anteroposterior Axis-Frontal Plane Movements 

Table B.2 lists the articulations and their movements that occur around an AP axis and along a frontal plane. Movements illustrating these joint motions around an AP axis and along a frontal plane are shown in Figure B.12.

Longitudinal Axis- Transverse Plane Movements 

Table B.3 lists the articulations and their movements that occur around a longitudinal axis and along a transverse plane. Movements illustrating these joint motions around a longitudinal axis and along a transverse plane are shown in Figure B.13. 

In free space, the entire body may move around an axis and along a plane. The body's axis and plane associated with a given total body movement remain the same no matter what orientation the body segments assume. For instance, Figure B.14 shows a body turning around its ML axis in tuck, pike, layout, and back-arch positions. Similarly, with segmental motion, the joint's axis and plane remain the same no matter what orientation the body part assumes or what position the body is in. For instance, the flexion of the elbow occurs around the elbow's ML axis, whether it is flexed from anatomical position or flexed when the arm is abducted at the shoulder joint.

Questions

1. Demonstrate the anatomical position and movements along each of the three anatomical planes and around each of three axes of the body.

2. For the following movements, list the axis and plane used during the force phase of the movement: 

(a) the breathing movement for the front crawl (neck), 

(b) the vertical jump (knee), 

(c) the elementary backstroke (shoulder joint) , 

(d) the forehand drive in tennis (shoulder joint), 

(e) the placekick (knee), and 

(f )  turning a door handle (radioulnar joint) .
[image: image2.png]TABLE B.1

Segmental Movements Occurring Around a Mediolateral Axis and Along
a Sagittal Plane

Flexion, extension, and hyperextension Hip, knee, shoulder, elbow, wrist,
phalangeal joints, and vertebral column

Dorsiflexion and plantar flexion AnkKle joint

Transverse extension and Shoulder and hip joints

transverse flexion?

aTransverse extension and flexion movements occur around the ML axis and along the sagittal plane of the
humerus and femur if moved into the transverse body plane from anatomical position by abduction of the
shoulder or hip joints.

TABLE B.2

Segmental Movements Occurring Around an Anteroposterior Axis and Along
a Frontal Plane

Lateral flexion Vertebral column

Abduction and adduction Shoulder, hip, and metatarsophalangeal joints
Radial and ulnar flexion (deviation) Wrist joint

Elevation and depression Sternoclavicular joint

Upward and downward rotation Acromioclavicular joint

Transverse abduction and adduction? Should and hip joints

aTransverse abduction and adduction movements occur around the AP axis and along the frontal plane of
the humerus and femur if moved into the transverse body plane from anatomical position by flexion of the
shoulder or hip joints.

TABLE B.3

Segmental Movements Occurring Around a Longitudinal Axis and Along
a Transverse Plane

Medial and lateral rotation Shoulder and hip joirits; knee joint at 90-degree flexion
Pronation and supination Radioulnar joint

Transverse (lateral) rotation Vertebral column

Protraction and retraction? Sternoclavicular joint®

Inversion and eversion Subtalar joint (talocalcaneal)

aprotraction and retraction of the shoulder girdle are sometimes called abduction and adduction, respec-
tively, when referring to the movement of the scapula relative to the vertebral column.
bAxis and plane are named relative to the sternum, not to the clavicle.
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