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Symposium on Qlympic Sports Medicine

Resistive Training

Gideon B. Ariel, Ph.D.*

The relationship between resistance exercises and muscle strength has
been known for centuries. In ancient Greece, Milo the wrestler used
progressive resistance exercises to improve his strength. His original
method consisted of lifting a calf each day until it reached its full growth,
and this technique provides probably the first example of progressive
resistance exercises. Today, it is well documented in the literature that the
size of skeletal muscle is affected by the amount of muscular activity
performed. Increased work by a muscle can cause that muscle to undergo
compensatory growth (hypertrophy), whereas disuse leads to wasting of the
muscle (atrophy).

This information has stimulated the medical and sports professions,
especially coaches and athletes, to try many combinations and techniques
of muscle overload. These attempts to produce a better means of rehabili-
tation or a physiologic edge in sporting activities have only scratched the
surface of the cellular mechanisms and physiologic consequences of mus-
cular overload.

Muscular strength may be defined as the force that a muscle group
can exert against a resistance in a maximal effort. In 1948, Delorme™
adopted the name “progressive resistance exercise” for his method of
developing muscular strength through the utilization of counter balances
and weight of the extremity with a cable and pulley arrangement. This
technique gave load-assisting exercises to muscle groups that did not
perform antigravity motions. McQueen distinguished between exercise
regimens for producing muscle hypertrophy and those for producing muscle
power.® He concluded that the number of repetitions for each set of
exercise determines the different characteristics of the various training
procedures.

Based on evidence presented in these early studies, hundreds of
investigations have been published relative to techniques for muscular
development, including isotonic exercises, isometric exercises, eccentric
contractions, the Oxford technique, the double and triple progressive super
set systems, and many others. Each system’s effectiveness has been
supported and refuted by numerous investigations.

*+President, Coto Research Center, Trabuco Canyon, California; Chairman, Biomechanics
Committee, Sports Medicine Council, United States Olympic Committee
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Berger concluded that six to seven repetitions three times a week was
best for developing dynamic strength.'® Research conducted by Steinhause
emphasized the need to increase the intensity, not the amount, of work in
order to develop maximum strength.*

In more recent studies pertaining to exercise, Pipes and Wilmore
compared isokinetic training with isotonic strength training in adult men.™
According to their findings with isokinetic contractions at both low and
high speeds, the isokinetic training procedure demonstrated marked supe-
riority over the isotonic methods. In 1972, I introduced the dynamic
variable resistance exercise principles, which resulted in the variable
resistance exercise equipment.*™ For the first time biomechanical princi-
ples were employed in the design of exercise equipment.

Owing to ambiguity in the literature concerning certain physiologic
terms and differences in laboratory procedures, the following terms are

defined:

1. Muscular strength: the contractile power of muscles as a result of a single
maximum effort.

2. Muscular endurance: ability of the muscles to perform work by holding a
maximum contraction for a given length of time or by continuing to move a
submaximal load to a certain level of fatigue.

3. Isometric training: a muscular contraction of total effort but with no visible
limb movement (sometimes called static training).

4. Isotonic training: raising and lowering a submaximal load, such as a weight,
a given number of times (sometimes called dynamic training).

5. Isokinetic training (accomodating resistance): muscular contraction at a
constant velocity. As the muscle length changes, the resistance alters in a manner
that is directly proportional to the force exerted by the muscle.

6. Concentric contraction: an isotonic contraction in which the muscle length
decreases (that is, the muscle primarily responsible for movement becomes shorter).

7. Eccentric contraction: an isotonic contraction in which the muscle length
increases (that is, the muscle primarily responsible for movement becomes longer).

8. Muscle overload: the workload for a muscle or muscle group that is greater
than that to which the musele is accustomed.

9. Repetitions: the number of consecutive times a particular movement or
exercise is performed.

10. Repetition maximum (1 RM): the maximum resistance a muscle or muscle
group can overcome in a maximal effort.

11. Sets: the number of groups of repetitions of a particular movement. or
exercise.

12. Variable resistance exercise: as the muscle contracts, the resistance changes
in a predetermined manner (linear, exponentially, or as defined by the user).

13. Variable velocity exercise: as the muscle contracts with maximal or sub-
maximal tension, the speed of movement changes in a predetermined manner
(linear, exponentially, or as defined by the user).

In most existing exercise equipment today and in the previously cited
research, resistive training was performed with “tools” that lack intelligence.
That means the equipment was “unaware” that a subject was performing
an exercise on it. For example, the equipment employed in the study
conducted by Pipes and Wilmore assumed certain velocities on the isoki-
netic modality used. However, verification of the speed was impossible,
since a closed loop feedback and sensors were not used, as they do not
exist on the equipment employed. However, with the advent of miniatur-
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ized el in it is possible today to join exercise equipment
with the computers artificial mtelhgenoe For the first time it is possible
for the equipment to adapt to the user rather than for the user to-adapt to
the equipment.

Another important consideration in both the design of equipment for
resistive exercise and the performance of an athlete or a busy executive is
that the human body relies on preprogrammed activity by the central
nervous system. This control necessitates exact precision in the timing and
coordination of both the system of muscle contraction and the segmental
sequence of muscular activity. Research has shown that a characteristic
pattern of motion is present during any intentional movement of body

T This pattern consists of reciprocally organized
acl:nnty between the agonist and antagonist. These reciprocal activities
occur in consistent temporal relationships with the variables of meotion,
such as velocity, acceleration, and forces.

Hellebrandt and Houtz shed some light on the mechanism of muscle
training in an experimental demonstration of the overload principle.* They
found that the repetition of contractions that place little stress on the
neuromuscular system had little effect on the functional capacity of the
skeletal muscles; however, they found that the amount of work done per
unit of time is the critical variable upon which extension of the limits of
performance depends. The speed with which functional capacity increases
suggests that the central nervous system, as well as the contractile tissue,
is an important contributing component of training.

In addition to the control by the nervous system, the human body is
composed of linked segments, and rotation of these segments about their
anatomic axes is caused by force. Both muscle and gravitational forces are
important in producing these turning effects, which are fundamental in
body movements in all sports and daily living. Pushing, pulling, lifting,
kicking, running, walking, and all human activities are results of rotational
motion of the links, which are made of bones. Since force has been
considered the most important component of athletic performance, many
exercise equipment manufacturers have developed various types of devices
emploving isometrics and isokinetics. When considered as a separate entity,
force is only one factor influencing successful athletic performance. Unfor-
tunately, these isometric and isokinetic devices inhibit the natural move-
ment patterns of acceleration and deceleration.

The three factors underlying all athletic performance are force, dis-
placement, and duration of movement. In all motor skills, muscular forces
interact to move the body parts through the activity. The displacement of
the body parts and their speed of motion are important in the coordination
of the activity and are also directly related to the forces produced. However,
it is only because of the control provided by the brain that the muscular
forces follow any particular displacement pattern, and without these brain
center controls, there would be no skilled athletic performances. In every
planned human motion. the intricate timing of the varying forces is a critical
factor in successful performances.

In any athletic performance, the accurate coordination of the body
parts and their velocities is essential for maximizing performances. This
means that the generated muscular forces must occur at the right time for
optimum results. For this reason. the strongest weightlifter cannot put the
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shot as far as the experienced shotputter. Although the weightlifter pos-
sesses greater muscular force, he has not trained his brain centers to
produce the correct forces at the appropriate time.

Since most athletic events are ballistic movements and since the neural
control of these patterns differs from slow controlled movements, it is
essential that training routines employ programmable motions to suit
specific movements.

RESISTIVE EXERCISING METHODS

There is a significant difference between various resistive training
methods. As far as isotonic and isokinetic exercises are concerned, for
example, in the isotonic exercises the inertia, that is, the initial resistance,
has to be overcome first, then the execution of the movement progresses.
The weight of the resistance cannot be heavier than the maximum strength
of the weakest muscle acting in a particular movement or else the movement
cannot be completed. Consequently, the amount of force generated by the

" muscles during an isotonic contraction does not maintain maximum tension
throughout the entire range of motion. In an isokinetically loaded muscle,
the desired speed of movement occurs almost immediately and the muscle
is able to generate a maximal force under a controlled and specifically
selected speed of contraction. The use of the isokinetic principle for
overloading muscles to attain their maximal power output has direct
applications in the fields of sport medicine and athletic training. Many
rehabilitation programs utilize isokinetic training to recondition injured
limbs to their full range of motion. The unfortunate drawback to this type
of training is that the speed is constant and there are no athletic activities
that are performed at a constant velocity.

In isotonic resistive training, if more than one repetition is to be used.
one must use submaximal overload on the initial contractions in order to
complete the required repetitions. ‘Otherwise, the entire regimen will not
be completed. owing to fatigue. Berger and Hardage studied this problem
by training two groups of men with 10 RM.' One group trained following
the standard Berger technique while the other group used one repetition
maximum for each of the ten repetitions. This was accomplished by
progressively reducing the weight for the next repetition in a manner that
paralleled the fatigue of the muscle. The results showed that the intensity
of the work seemed to be the important factor in strength increases. since
the maximal overload group showed significantly greater strength gains
than did the standard 10 RM group.

Based on these findings. it would seem appropriate to assume that a
modality that can adjust the resistance so that it parallels fatigue to allow
the maximum RM for each repetition would be superior to the currently
available equipment. Berger accomplished this function by removing weight
from the bar while the subject trained. This is neither the most convenient
nor the most practical method. With the aid of the modern computer. this
function can be performed automatically.

Another drawback with current isotonic types of resistive exercises is
that with the aid of inertia, due to the motion, the resistance changes
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depending on the acceleration of the weight and the body segments. In
addition. since overload on the muscle changes due to both biomechanical
levers and the length-tension curve. the muscle can obtain maximal overload
only in a small portion of the range of motion.** To overcome this
shortcoming in resistive training, several companies have manufactured
strength training devices ‘that have “variable resistance” mechanisms in
them. However. these "'variable resistance” systems increase the resistance
in a linear fashion and this linearity does not truly accomodate the
individual. When including inertial forces to the variable resistance mech-
anism, the accomodating resistance might be cancelled by the velocity of
the movement.

There seem to be unlimited training methods and each system is
supported and refuted by as many “experts.” In the past, the problem of
validly evaluating the different modes of exercise was rendered impossible
because of Cie lack of the proper diagnostic tools. For example, in the
isotonic type of exercise the investigator does not know exactly the muscular
effort and the speed of movement but knows only the weight that has been
lifted. When a static weight is lifted, the force of inertia is a significant
contribution to the load and cannot be quantified by feel or observation
alone. In the isokinetic mode, the calibration of the velocity is assumed
and has been verv poorly verified. The rotation of a dial to a specific
location does not guarantee the accuracy of subsequently generated velocity.
In fact, discrepancies as great as 40 per cent are found when verifving the
velocity of the bar.

THE INTELLIGENT EXERCISE MACHINE

In all of the previous descriptions of exercise equipment, the user has
had to determine the amount of resistance and the number of repetitions
desired. The reason the user made the choices was, of course, that the
exercise equipment itself was inherently incapable of any intellectual
participation. However, with the advent of computers, it became possible
to design exercise equipment with artificial intelligence enabling the
computerized machine to select the best exercise method based on each
individual user. Thus, the user need not be an expert in any biologic,
phvsiologic, or exercise area, since the exercise machine is programmed
with information from many scientific fields, thus correctly benefiting the
different individual users.

The exercise machine described herein is the result of the application
of many unique. innovative features and mechanisms to the long-established
fields of resistive exercise or training for athletics, rehabilitation, and
physical fitness. The underlving principle behind these innovations is that
of a computer-controlled feedback or servomeche.ism that is able to
maintain any desired pattern of force and motion throughout the range of
each exercise. regardless of the magnitude or rate of force applied by the
person exercising. The advantages of an intelligent feedback-controlled
mechanism over existing resistive exercise mechanisms are many.

First. all systems that employ weights as tie mechanism for resistance
have majer drawbacks in four or more areas. as follows: (1) biomechanical
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considerations, (2) inertia, (3) risk of injury. and (4) uni-directional resist-
ance. The biomechanical considerations are the most important for exercise
equipment and have been previously explained. Inertia is the property of
resisting any change in motion; because of this property, it requires a
greater force to begin moving weights than it does to keep them moving
in a constant manner. Similarly, when the person exercising slows his
motion at the end of an exercise movement, the weights tend to keep
moving until slowed by gravity. This phenomenon reduces the required
force at the end of a motion sequence. This property becomes especially
pronounced as acceleration and deceleration increase. effectively reducing
the useful range of motion of weight-based exercise equipment. The risk of
injury is obvious in weight-based exercise equipment. When weights are
raised during the performance of an exercise, they must be lowered to
their original resting position before the person using the equipment can
release the equipment and stop exercising. Injury could easily result if the
weights fell back to their resting position accompanied by the concomitant
motion of the bar or the handle attached to the weights. If the person
exercising happened to lose his grip, or was unable to hold the weights
owing to exhaustion or imbalance, serious injuries could and have resulted.
Finally, while being raised or lowered, weights, whether on exercise
equipment or free standing. offer resistance only in the direction opposite
to that of gravity. This resistance can be redirected by pulleys and gears
but still remains unidirectional. In almost every exercise performed, the
muscle or muscles being trained by resistance in one direction are balanced
by a corresponding muscle or muscles that could be trained by resistance
in the opposite direction. With weight-based systems, a different exercise.
and often a different mechanism, is necessary to train these opposing
muscles.

Exercise mechanisms that employ springs, torsion bars, and the like
are able to overcome the inertia problem of weight-based mechanisms and
can partially overcome the unidirectional force restriction by both expanding
and compressing the springs. However, the serious problem of safety
remains. An additional problem is the fixed, nonlinear resistance that is
characteristic of springs and is usuallv unacceptable to most users of exercise
equipment.

The third type of resistive mechanism commonly employed in existing
exercise equipment is that of a hvdraulic mechanism. This mechanism is
able to overcome the inertial problem of weights and the safety problem of
both weights and springs. With the appropriate selection or configuration
of hvdraulic mechanisms. the unidirectional prablem can also be overcome.
However. previous applications of the hvdraulic principle have demon-
strated a serious deficiency that has limited their popularity in resistive
training. This deficiency is that of a fixed (although perhaps preselected)
flow rate through the hydraulic system. With a fixed flow rate. it is a well-
established fact that resistance is a function of the velocity of the piston
and. in fact, varies quite rapidly with changes in velocity. It becomes
difficult for a person exercising to select a given resistance to train with,
since he or she is usually constrained to moving either slower or faster than
he would like in order to maintain this resistance. Additionally. at any
given moment. the user is unsure-of just what the performing force or
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velocity actually is. For these reasons, hydraulic mechanisms have found
only limited acceptance among serious users of exercise equipment.

Feedback Control of Exercise

The Computerized Exercise Machine possesses several unique advan-
tages over other resistive exercise mechanisms, both fixed and feedback-
controlled. The most significant of these advances is the introduction of a
stored-program computer to the feedback loop. The computer, and its
associated collection of unique programs, not only allows the feedback-
controlled resistance to vary with the measured variables of force and
displacement but also modifies that feedback loop while the exercise is in
progress. This modification can, therefore, reflect changes in the pattern of
exercise over time. The unique program selection can effect such changes
in order to achieve a sequential or patterned progression of resistance for
optimal training effect. The advantage of this capability over previous
systems is that the user can select the overall pattern of exercise (Fig. 1)
and the machine assumes responsibility for changing the precise force level,
the speed of movement, and the temporal sequence to achieve that pattern.

The following are typical examples of exercises that can be performed
on this machine and that would be impossible on any other exercise
machine. A user wishes to select a resistance (weight, in classic terms)
starting at one half the body weight and to have that resistance increase by
10 per cent in each successive repetition, until the user reaches a “sticking
point” and cannot continue. With a classic weight machine, he would have
to initially select weights equal to half his body weight. Then the user
would have to stop between each repetition to change weights, with the
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Figure 1. The computerized exercise equipment allows the user to select the overall
pattern of exercise.
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probability that he would not be able to select the desired unit of increase
since weights are normally available in 5, 10, 25, or 50 pound units only.
In addition, the training effect of the exercise is considerably affected
because, while stopping to change weights, the muscles “recover.” If, with
the Isokinetic or other devices, there were a force readout (which is not
included on any of the currently available equipment), the user would have
to watch that readout and match the force pulled with the desired force as
it appeared on the readout. (This is analogous to trying to keep the high
performance race “car” on the “road” in a video arcade game!) This would
require more control and concentration than most persons are capable of,
especially with the onset of exercise-induced fatigue. With the Computer-
ized Exercise Machine, the person’s weight would automatically be deter-
mined by having him support himself briefly on the exercise bar. Then the
computer would select the pattern of increasing force, starting at precisely
half the body weight, and increasing the resistance by just 10 per cent after
each repetition until it detected that the user could no longer move the
bar. At this point, it would report the final force level, the number of
repetitions, and, if desired, the progress the user had made since the last
exercise session.

A second example is that of a user desiring to exercise with a constant
force or a predetermined force pattern (that is, nonlinear force through the
range of motion). In addition, at the point in the range of motion where
his speed is the lowest (the weakest point), the user may want the bar to
“lock” for three seconds so that strength could be enhanced through
isometric rather than isotonic exercise. After the three second isometric
contraction, the motion would be allowed to continue through the next
cyele until this sticking point would again be encountered. Experts in
various professions believe that such an exercise is a vast improvement
over conventional resistive training for developing strength at a person’s
weakest points. Yet it would be impossible for this exercise to be performed
on any other current exercise machine. Not only can the proposed exercise
system perform this pattern of exercise, but during and after the exercise
it can display the level of strength at the “sticking point” and how this
compared both to previous strength levels and to the strength over the
entire range of motion. In addition, the programs are then able to adjust
ensuing exercise sessions to select the proper range of forces to continue
to build strength based on the progress to date. All of this is accomplished
without the user having to remember or reenter any data.

As can be seen from the previously cited review of resistive exercise
methods, it seems that the future will rely increasingly on computerized
exercise modalities for training and rehabilitation (Fig. 2). Current research
revealed significantly greater progress in muscular strength for the subjects
who trained on the Computerized Exercise Machine. In addition, more
efficient and less time-consuming workouts as well as fewer injuries and
higher motivation are possible, all of which can produce improved results.

The Computerized Exercise Machine is programmed for several train-
ing modes. One mode is diagnostic for determining the individual’s range
of movement as well as the force and speed exerted through that range of
movement. On a color CRT, the user can see the force and the velocity
curves or print a copy of the display (Fig. 3). A second training mode
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Figure 2. A, A member of the wom-
en’s Olympic volleyball team is shown using
the Computerized Exercise Machine in
training to improve her vertical jump. B,
The former world record holder in the
shotput is shown training on computerized
exercise equipment to develop  specific
functional strength in his legs. €, A bench
press is being perfi
erized Exercise Machine by the former
world record holder in the discus.

wmed on the Comput-
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Figure 3. Instantaneous feedback from the Computerized

xercise Machine allows the
athlete to read the force level that he or she exerted while exerc

controls a predetermined resistance that can be set in several ways—linear,
exponential, user-defined, and an “ideal” curve. A third mode allows setting
“sticking points,” or isometric contractions, at any points through the range
of movement. The fourth training mode can set a “fatigue level” to which
the user exercises until reaching. The fifth mode is a power and endurance
training that controls the amount of work performed. Another exercise
mode is variable velocity training. In this type, the velocity can be
predetermined in many possible fashions, which also allows the user to
exercise in an isokinetic mode. The amount of resistance can be set as a
function of the forces exerted by the user for each repetition. The computer
“senses” the changes of forces throughout the range of movement and
makes the appropriate adjustments in order to accommodate the user. The
Computerized Exercise Machine has many other features that are fully
programmable and allow tremendous flexibility for the user. ;

Comparative Studies Using the Computerized Exercise Machine

Some of the capabilities of the Computerized Exercise Machine were
studied in several unpublished research projects performed at the Coto
Research Center at Coto de Caza, California. One study was designed to
compare the Computerized Exercise Machine with other existing equip-
ment. The study examined the effect of similar training regimens, using
several types of training equipment, on the development of muscular
strength. The results of the study demonstrated superiority of the Com-
puterized Exercise Machine over the other types of equipment. The study
concluded that the Computerized Exercise Machine was more effective in
developing muscular strength. It seems that the Computerized Exercise
Machine allows adaptation to the maximum effort of the muscular contrac-
tion. In addition, the interactive feature of the machine permitted maximum
motivation for the user and there was a significant carry-over effect to other
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exercise modalities and other independent athletic skills from training on
the Computerized Exercise Machine.

Another study was designed to examine the effect of resistive training
on limb velocity. The subjects were tested on the maximum speed with
which they could lift a 32 pound load, and in addition, how fast they could
lift loads of 40 and 70 per cent of their maximum. Again, the results
revealed a significant rate of improvement of the Computerized Exercise
Machine users over those using the other training modalities.

A study was designed to determine the aerobic adaptation to work and
fatigue training modes on the Computerized Exercise Machine and to
compare those effects with the aerobic adaptation of running and jogging.
The running group trained three times per week for 40 to 50 minutes of
jogging and running. The Computerized Exercise Machine groups were
trained in a power/work mode or in a fatigue mode. The results of the
study revealed that, for the same amount of time devoted for exercise, the
Computerized Exercise Machine users improved their aerobic capacity by
almost 20 per cent, whereas the runners improved only 12 per cent. The
Computerized Exercise Machine users also significantly improved in
strength and power and local muscular endurance.

Conclusion

From these results, it can be concluded that the Computerized
Machine is more effective than the other modalities tested for several
reasons. The subjects could constantly interact with the machine and
receive immediate feedback about their effort. While exercising, the
subjects were motivated by the interactive results, which reported the
average and maximum force produced as well as the velocity associated
with the movement. During each session, a comparison to previous sessions
was displayed on the CRT, a feature that constantly motivated the subjects
to work harder. This motivation contributed to the stimulation for the
Computerized Exercise groups to work at their maximum effort. Unlike
other modalities, the subjects were not restricted to a range in which,
biomechanically, the limb would be at a disadvantage and would have to
stop exercising. On the Computerized Exercise Machine, at this point, the
intelligence of the machine reduced the resistance and allowed the subject
to complete the set at his maximum effort. The Computerized Exercise
Machine opens a new dimension in the area of training, rehabilitation, and
research.
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The Biomechanical Aspects of
Olympic Sports Medicine

Charles . Dillman, Ph.D..* and Gideon B. Ariel, Ph.D.

Biomechanics is the study of the structure and function of biologic
systems by means of the methods of mechanies. It is a broad field of study
in which scientists from many disciplines utilize mechanics to gain an
understanding of such varied problems as arterial blood flow, skeletal
muscle dynamics, prosthetic design, animal locomotion, human motion in
space, development of biologic models and many other subjects. Thus, the
total field of biomechanics is comprised of many specific areas of investi-
gation. “Sports biomechanics” can be considered one of these special
subdisciplines within the entire field of biomechanics.

Researchers in the biomechanics of sport are employing the methods
of mechanics to solve three critical problems within the total realm of
physical activity and sport. These problems are (1) determination of opti-
mum techniques for performance in sports events, (2) investigation of
stresses placed upoa the body during the performance of activities, and (3)
the design of sports equipment. These three problems can be uniquely
grouped together because solutions to these questions require investigations
into the mechanical aspects of human performance. Thus, through the
study of movements and forces that occur during the performance of a
sports skill, investigators can obtain solutions to problems centered around
technique, stress, and equipment requirements.

The study of the mechanical aspects of sport in the United States
began in the 1920s. However, it was not until the middle 1960s that a new
emphasis was given to this area. As with all developing areas of study,
initial work in sports biomechanics was mainly devoted to the development
of valid research techniques to investigate motion and force variables. As
this field matured in the middle 1970s, more research was focused upon
the solution of problems rather than research techniques. Consequently, it
has only been within the last several years that sports biomechanists have
begun to generate meaningful information that can be utilized by coaches
and athletes.
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Recognizing the potential contribution that this field could make to THE BIOMECHANICAL ASPECTS OF OLYMPIC SPORTS MEDICINE 33
amateur sports, the United States Olympic Committee began, in 1977, to
develop a program of biomechanical services for amateur athletes. This
initial effort was led by Dr. Gideon Ariel. Dr. Ariel initiated the develop-
ment of a biomechanics laboratory at the Olympic Complex in 1979.
Recently, due to the increased demand for services from this laboratory,
the United States Olympic Committee (USOC) has expanded its commit-
ment to this program by hiring a full-time staff of three individuals to
conduct and coordinate biomechanical services requested by national gov-
erning bodies. The overall mission of the Sports Biomechanics Laboratory
at the Olympic Complex is to conduet mechanical evaluations of various
events and to make judgments as to how these factors are influencing the
performance of our athletes who are in intensive training for international
and Olympic competition.

In order to study the mechanical aspects of any skill, it is first necessary
to obtain a scientific record of the performance. Since high-speed films can
be taken of athletes during competition without any direct influence upon
the performance, this research technique has been the most frequently
employed means to obtain a quantifiable record (Fig. 1). These films are
produced according to certain specified procedures so that they can be
subsequently taken to the laboratory and analyzed frame by frame on a
computerized digitizing system (Fig. 2). The basic data generated from the
film analysis consists of movement-time patterns of selected motion variables
that occurred during the performance of an activity (Fig. 3). These basic ;
data are further analyzed according to the principles of mechanics and Figure 2. Measurements are taken from the film.
guidelines are developed for the coaching and/or teaching of athletic skills.

Figure 3. A graphic display of a
discus throw is shown.

Figure 1. High-speed filming of skeet shooters is shown.
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Recently, emphasis has been placed upon the use of electronie devices
to monitor various mechanical variables. These electronic instruments
consist of the Selspot System (electronic sensors for recording movement;
Fig. 4) and force-platforms for measuring ground reaction forces (Fig. 3).
These electronic devices provide direct output of the investigated variables
and offer the advantage of being immediately accessible for computerized
analysis and feedback to the coach and the athlete.

Utilizing the filming and electronic systems described here, the labo-
ratory staff at the United States Olympic Training Center in Colorado

Figure4. A, The electronic sensor is placed on the wrist of an archer. B, The movements

of the bow arm are monitored using the Selspot system (Selcom, Inc., Valdese, North
Carolina).

THE BIOMECHANICAL ASPECTS OF OLYMPIC SPORTS MEDICINE 35

Figure 5.  Force platform studies of stance ability for archery.

Springs and a number of volunteers and consultants from across the United
States are presently involved in the following projects:

analysis of elite race walkers

and individual skill analysis of world’s best teams;

Race walking: technique

Valle women, forma
men, skills analysis of serve, and blocking

Cross-country skiing: comparison between roller and on-snow skiing

Archery and shooting: evaluation of stability factors

Ski jumping: force platform studies of take-off

Track and field: technique analysis of running, throwing and jumping events

Fencing: investigation of biomechanical factors influencing performance

Weightlifting: technique 4 is of Olympic weightlifters

Synchronized swimming of the sculling movements produced by the
hands

Bobsled and luge: starting techniques of elite athletes and teams

Rowing: investigation of body segment coordination patterns

Ice hockey: analysis of starting techniques and acceleration patterns during
competition

Cyeling: aerodynamic and force factors affecting eycling performance

The Biomechanics Department at the Olympic Complex in Colorado
Springs is attempting to provide meaningful assistance to our National
teams. As this area within the total Sports Medicine Program develops
further, there is no doubt that it has the potential to make a significant
contribution to the development and practice of amateur sports in the
United States.

Biomechanics Department

United States Olympic Committee
1750 East Boulder Street
Colorado Springs, Colorado 80909
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