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Until very recently, gait problems in children who
had cerebral palsy had been treated empirically, and this
empiricism had been based only on observation of the
child’s gait and the clinical evaluation. However, in the
more recent past, there have been efforts to approach
gait disorders in cerebral palsy on a more scientific level,
by assessment of the child preoperatively and postoper-
atively with usc of computerized gait analysis.

Kinesiology, which is the study of gait, can be di-
vided into two arcas: kinematics and kinetics. Kinemat-
ics is the study of motion without regard to the forces
that produce it. An example of this is the sagittal plane
graph of knee motion (Fig. 1). Kinematics, therefore,
gives a precise description of the motions that are oc-
curring in a particular joint in all three plancs during the
gait cycle, but the measurcments are essentially descrip-
tive and do not provide any insight into the cause of
the motion. Kinctics, on the other hand. deals with the
forces that produce the motion. These measurements
include joint moments and joint powers. In 1987, Winter
described the way in which kinetics are calculated (a
procedure known as inverse dynamics) and discussed
some of the possible clinical uses for kinetics®. Sub-
scquently. Davis et al. and Ounpuu et al. developed
clinical software that describes the moments and powers
of cach of the three major joints of the lower extremity
in all three plancs. Employment of these parameters for
the assessment of normal and pathological gait led to
the discovery that these measurements can provide a
great deal of insight into the specific gait abnormalities
associated with cerebral palsy.

Before proceeding with the discussion of the clinical
usc of kinetics, it is necessary to have insight into how
kinetic information is calculated. The process is known
as inverse dynamics. In addition. to understand inverse
dynamics, some concepts from basic physics must first
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be understood: specifically, the rclationship between
force and motion as expressed by Newton's second law.
Newton's second law states that, at every instant in time,
the sum of the forces acting on a body is equal to the
mass of the body multiplied by the acceleration of the
body: Xforce = mass x acceleration, or ZF = ma. The
scientific unit of force is the newton. One newton is the
force that is needed to accelerate a mass of one kilo-
gram at a rate of one meter per square second (1 N =1
kg x 1 m/sec’). Scientists make a distinction between
mass and weight. Mass, which is generally measured
in kilograms, tells about the inertia of an object (that
is, how difficult the object is to accelerate) since, from
Newton’s second law, the force needed to produce a
given acceleration is proportional to the mass. Weight,
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Graph representing knee kinematics. The gait cycle is on the axis of
the graph and the degrees of motion. on the abscissa. The vertical line
represents toe-off (TO). The solid curve represents the mean and the
dotted curves show one standard deviation. Stance phase represents
approximately 60 per cent of the gait cycle and swing phase, 40 per
cent. The two peaks of knee flexion are labeled. The first peak
facilitates shock absorption during a period of gait called loading
response (LR). The second wave of knee flexion occurs during initial
swing (IS) and it provides clearance for the foot. (Reprinted, with
permission. from: Gage. J. R.: Gait Analysis in Cerebral Palsy, p. 86.
London, MacKeith Press, 1991.)

THE JOURNAL OF BONE AND JOINT SURGERY



THE CLINICAL USE OF KINETICS FOR EVALUATION OF PATHOLOGICAL GAIT

FiG. 2

The relationship between a child and an adult on a seesaw is
exactly the same as that of the muscle and the ground-reaction force
at cach of the joints in the lower extremity. The pivot point (fulcrum)
is always the center of the joint. M = weight of large subject. d = his
distance from fulcrum, m = weight of small subject, and D = his
distance from fuicrum. (Reprinted, with permission, from: Gage,J. R.:
Gait Analysis in Cercbral Palsy, p. 80. London, MacKeith Press,
1991.)

on the other hand, is measured in newtons and refers to
the force that gravity exerts on the object. On the sur-
face of the carth. an object falling freely in a vacuum has
an acceleration of 9.8 meters per second squared. There-
fore, a mass of one kilogram has a weight of approxi-
mately 9.8 newtons.

If a force acts at a distance from a rotational axis,
the moment of the force about the axis is given by the
product of the force and the moment arm (also called
the lever arm), where the moment arm is the shortest
distance between the line of action of the force and the
axis of rotation (Fig. 2). The force exerted by a muscle
produces a moment about the axis of rotation of a joint
that it crosses. Newton's second law can also be applied
to express the relationship between moments and angu-
lar accelerations. Specifically, the sum of all moments of
force acting on a body is equal to the mass moment of
inertia of the body multiplied by the angular accelera-
tion of the body: moments = mass moment of inertia x
angular acceleration, or XM = lo.

An additional concept that is used in inverse dynam-
ics is described by Newton’s third law, which states that
for every action there is an equal and an opposite reac-
tion. Thus, if I push down on the floor with my foot, the
floor pushes back with an equal force, known as the
ground-reaction force. Ground-reaction forces and mo-
ments can be easily measured with use of a force-plate.

To illustrate how these concepts can be applied to
the analysis of human movement, consider the sagittal
view of the foot (Fig. 3). The ground-reaction force pro-
duces a moment around the ankle joint. The moment is
referred to as the external joint moment. It is resisted
by an internal joint moment produced by the muscles
crossing the ankle: in this case, primarily the triceps
surae. Both the internal muscle force and the external
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ground-reaction force act on the skeletal levers to pro-
duce rotation around the ankle joint. The internal mus-
cle force is acting through the lever arm of the hindfoot,
whereas the external ground-reaction force is acting
through the lever arm provided by the forefoot. If these
two moments are identical, there will be no motion
around the ankle — that is, M = 0. so the angular
acceleration must also equal zero. However, if the inter-
nal muscle moment is slightly greater than the ground-
reaction moment, the ankle will move into plantar
flexion — that is, the angular acceleration will not be
zero.

Inverse dynamics, as described by Winter, involves
solving for the forces and moments that will produce
observed motions. It requires information from three
sources™: ground-reaction forces and moments meas-
ured with use of a force-plate; positions, velocities, and
accelerations of all segments of the lower limb: and
anthropometric data. The three types of information are
used in an iterative application of Newton's second law
in order to solve for the unknown forces and moments
acting at the ankle, the knee, and the hip.

I will begin with the foot. The forces and moments
acting on the foot are the known ground-reaction forces
and moments (as measured with the force-platforms)
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Ilustration of the relationship between the external moment pro-
duced by the ground-reaction force and the internal moment pro-
duced by the muscles. In each case, they act on a skeletal lever, and
their fulcrum is the center of the joint. Because the length of the lever
arm (D) of the ground-reaction force (GRF) is twice as long as that
of the muscle force (mf), its magnitude is only half as much: D(mf) =
2D(GREF). Dividing by D gives the resultant equation: mf = 2(GRF).
(Modified, with permission. from: Gage. J. R.: Gait Analysis in Cere-
bral Palsy, p. 76. London, MacKeith Press. 1991.)

and the unknown forces and moments acting at the
ankle (for example, internal muscle forces). The accel-
erations of the foot are also known, and the mass and
moment of inertia can be estimated from anthropomet-
ric data. If the equations are rearranged (Fig. 4), the
unknown ankle forces and moments can be solved for.



























