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TITLE: EXERCISE APPARATUS
BACKGROUND OF THE INVENTION
1. Field of the Invention '

The invention relates an exercise apparatus. More particularly, the invention
relates to an exercise apparatus adapted for exercising the hamstring of an individual in
an efficient and effective manner. The exercise apparatus is particularly adapted for
facilitating strength training, injury prevention and/or rehabilitation for leg muscles.

2. Description of the Related Art

Running, or in particular sprinting, is a very common component of nearly every
competitive and recreational sport. The ability to run, or sprint is a skill that is enhanced
with training many systems, mental, cardiovascular, neuromuscular, and musculoskeletal.
Competitive and recreational athletes with better ability to sprint or those that can sprint
more often in their respective sport are rewarded in accolades and in professional sports
financially. Therefore, this ability is important to train.

A method of training that has become popular amongst coaches and trainers is to
functionally train individuals in a manner that is specific to their respective sport opposed
to isdlaﬁng muscles involved in that sport. This concept of training in a similar manner
to how you will compete is intuitive but is easier said than done. Creative exercises have
been developed and implemented into exercise regimens that mimic certain functional
tasks demanded by the desired activi\ty or sport such as pulling a runner to supra-maximal
speeds during training for track. Fundamentally similar training methods which focus on
specificity training have shown positive but limited results of improved performance in
the execution of these functional tasks and the potential to reduce injuries particular to
movements commonly practiced in a respective sport.

" With running being of particular interest, it should be mentioned that hamstring
injuries have been identified as some of the most common injudes to occur in sports
requiring significant running and sprinting activities such as soccer, Australian rules football,
American football and track. A study of English professional football (soccer) has shown
that hamstring injuries account for 12-15% of all injuries sustained. The English premier
football league reported a gross revenue of close to $3.8 billion in the 1999-2000 season with
injuries alone costing as much as $144.7 million. Hamstring injuries are common
occurrences in athletes and currently there is not a clear understanding of what factors

predict this type of injury. Muscle strength, flexibility, fatigue, and neuromuscular control
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are some of the most common factors commonly thought to be associated with hamstring
injuries. Additionally, these factors are critical components in enhancing sprint performance
through sports specific cxefcises. Measures need to be taken in order to further understand
hamstring injuries with the goal of reducing the amount of hamstring injuries occurring each
year. The scientific literature is constantly evaluating exercise interventions that can be
utilized both in the prevention and rehabilitation of injuries and performance enhancement.

Experts have determined the hamstring is best de;relopcd when worked in a similar
motion to when it is mostly stressed. The motion in which the hamstring is stressed the
most is during the running motion and unsutprisingly the majority of injuries to the
hamstrings occur during the running motion.

Just having the hamstring lifting weight in a free weight motion is not optimal for
training the hamstring. This motion does make your hamstrings stronger but what experts
have agreed upon is that this type of strength training is secondary when performance, injury
prevention and rehabilitation factors are considered. The hamstrings are rated, as well as
other body parts, on how much power they are able to generate, not necessarily on how
strong they are, i.e., not how much dead weight they can lift from a stationary position but
how fast and often they can lift that weight. The relationship between strength and power is
usually positively/directly related but the strongest people do not necessarily produce the
most power. For example, Michael Jordan has one of the highest vertical jumps in
basketball. He, however, might be weaker than the majority of NBA players according to
how much weight he can lift with his legs.

The ideal method for developing power for a certain human motion is to work those
muscles involved in the motion using the same motion you are trying to make stronger.
Using a rough example, if you want to jump higher, add weights on your shoulders and start
jumping. This same method holds true for your hamstrings and running. A way to
accomplish this is to add resistance to the leg while the leg is in 2 running motion. While
working the hamstring as weight is increased, the speed of the leg decreases. Asit eventually
becomes stronger, it will gain speed until the weighted leg moves just as fast as the original
non-resisted leg. Once this is accomplished, it is then time to add weight. This process can
be iterated indefinitely but the output will follow a steep production curve.

To avoid confusion some terms and phrases used throughout the present
disclosure should be defined. It is recognized that there is currently debate when defining

the differences among walking, running and sprinting. For the purposes of the present
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disclosure these terms have been defined based on the desired outcome of the individual
while not ignoring mandatory.mechanical characteristics seen at each respective speed
category. . :
Stride: One gait cycle which begins when one foot strikes the ground and ends
when the same foot strikes the ground again. (ipsilateral to ipsilateral foot strike)

Stance Phase: _Phasc of gait when the foot is in contact with the ground

Swing Phase: Phase of gait when the foot is not in contact with the ground.

Walking: Has two periods of double support in each gait cycle, meaning that

both feet are in contact with the ground simultaneously.

Running: Has a period of double float (no foot is on the ground) with foot

contact being near the rear or mid-foot. Energy is conserved during this movement.

Sprinting: Like running, also has a period of double float but the goal is to move

the limbs as fast as possible with no regard to aerobic cost. Foot strike is at the
forefront of the foot.

Despite the high instances of hamstr{ng injuries, the exact cause and timing is still
unknown. There are two prevailing theories that exist as to the phase of gait in which
hamstring strains occur. The first theory states that the late swing and eatly stance
phases of sprinting are the most predominant phases of gait where hamstring injuries
occur. During late swing, the knee is extending and the hip is flexed. The hamstring
muscles are eccentrically contracting to decelerate hip and knee extension in preparation
for heel strike. Lengthening the hamstring muscles during activation could induce an
eccentric contraction injury. Directly following late swing, the hamstring muscles
continue their activation and concentrically contract which, conversely, could induce a
concentric muscle strain.

A case study presented recently by Heiderscheit et al. (2005) documented a
hamstring injury while collecting kinematic data of an athlete running on a treadmill.
The subject was running relatively fast at 5.36 meters/second and it was determined that
his biceps femoris was strained just prior to foot contact in the late portion of the swing
phase. The biceps femons has been reported as being significantly injured more often
than the other hamstring muscles at an incidence upwards to 80%. This case study
supports the theory that hamstring injuries occur at this time in the gait cycle.

The second theory hypothesizes that injury is most likely to occur later in the

stance phase at toe-off where the length of the hamstring muscles aren’t at their longest
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but where the largest peak torque levels are observed. Like early stance, if injured during
this phase, the injury would be concentric in nature due to the concentrically contracting
hamstrings which are assisting in hip extension. Despite the evidence provided by
Heiderscheit et al. (2005), the dismissal of this second theory would be premature. The
first theory discussed may describe the majority of hamstring strains but current evidence
cannot disprove the possibility of this second theory. Due to this reasonable second
theory and a lack of evidence to disprove, this aspect of the running gait should still be
considered an important aspect of preventing and rehabilitating hamstring injuries and
propetly training an individual. Late swing phase-as well as late stance phase occur at
significantly different phases in the gait cycle. Being unable to rule out either possible
phase for hamstring injuries, it is mandatory to at least study these two distinct aspects of
the gait cycle. With the gait cycle being cyclic in nature, all aspects of the gait cycle
should stll be investigated.

| One single causative factor has not been identified as predominant when
evaluating the injury mechanism of strained hamstrings. The current literature suggests
that there are several contributing factors which can cause hamstring injuries. The
primary factors are further discussed. Each factots contribution to a possible machine
application is further commented o.n.

Low hamstring strength is theorized as being a cause of hamstring injury. A high
ratio of quadriceps strength to hamstring strength has further been suggested to increase
the probability of a hamstring injury. This, however should not necessarily suggest thata
weakness in hamstring strength is needed to cause injury, but rather justa
disproportional quadriceps to hamstring strength rato. It has been suggested that
eccentric muscle strength may be a more significant factor than concentric muscle
strength as a determinant of injury due to the functional eccentric role of the hamstrings
during running gait. Resﬁlts from just testing eccentrically do not, however, confirm this
theory. The same can be said about measuring muscle strength concentrically. With all
these conflicting results it is very difficult to draw any strong conclusions on the proper
way to strengthen the leg muscles.

When considering quadriceps and hamstring strengths as causes for hamstring
injuries, it might be less appropriate and very limited to solely use concentric and
eccentric strength evidence as predictors of hamstring injuries but more appropriate to

look at previous strengthening program results when determining what factor muscle
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strength has on hamstring injuries. It is has been found that increasing eccentric strength
can improve the ability of 2 muscle to withstand forces and subsequently not fail.
Curtent training regimens may involve increasing lower limb strength in general and
might induce excessive quadriceps strength which might lead to injury.

A program involving the antagonistic dynamic training of the quadriceps and
hamstring muscles, simultaneously over the entire range of applicable forces and speeds
these muscles might encounter might serve as the best method for training the
hamstrings correctly to reduce injury rates. However, there is currently not a machine
available on the market that is capable of fulfilling this recommendation.

Many neuromuscular events take place during the running gait in order to control
hip and knee motion in late swing and provide hip extensor torque in early stance. Since
running is a relatively fast motion, these events occur over a very short period. If control
and coordination are inadequate, muscle strain injury might result. It has been suggested
that a method for adequately training the hamstrings must include improving
neuromuscular control of the leg during swing -phasej. If an error is made in the control
of the swinging leg at times when high hamstring forces exist, a strain is possible.

During the swing phase, when hamstring muscles are eccentrically contracting
and decelerating the lower leg, high forces are generated and if fatigue occurs an injury
may result. Improper synchronization of the dual innervation pattetn seen between the
short head of the biceps femoris and the remainder of the hamstring muscles might
introduce an injury mechgnism. A mistiming on contraction of the biceps femoris due to
fatigue might reduce the ability of the hamstring muscles to generate sufficient forces and
lead to a hamstring injury Improving neuromuscular control of the leg during the swing
phase is recommended for reducing the likelihood of incurring a hamstring injury.
Actively assisting limbs along a predetermined trajectory has been found to increase
neuromusculat control of the assisted limb when the limb is no longer in a controlled
environment.

Individuals who exhibit poor neuromuscular control during injury prone
movements have been trained to correct these neuromuscular deficiencies and
consequently reduced their chance of injury. This has been documented thoroughly in
the ACL (Anterior Cruciate Ligament) mechanism of injury for female athletes.
Functional training was introduced to cotrect these neuromuscular deficits and injury

- rates diminished. These findings have not yet been applied to the hamstring muscle
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mechanisms of injury. This might be in part due to the lack of a proper machine to
facilitate this functional training. Taking the above information into consideration,
actively assisting the foot while mimicking the swing phase of running might help
improve the neuromuscular control of the lower limb and further reduce the risk of
injury to the lower extremity.

Muscle flexibility is said to reflect the muscle’s ability to lengthen and absorb
forces. It hasn’t been established whether decreased muscle flexibility is a potential risk
factor for injury or a2 consequence of other factors which lead to injuries.

Conditioning the hamstring muscles by placing the leg in positions seen during running
should able the leg to at a minimum absorb forces seen during those same positions
when actually running. This would inherently decrease the risk of incurring a hamstring
injury.

Properly training an individual to achieve their peak sprinting performance, while
also reducing their risk of injury, demands a multifaceted approach involving all aspects of
muscular training. Functionally exercising the lower limb as if it were sprinting might help
improve lower limb strength in proper proportions. This might also help neuromuscular
control of the limb while sprinting which may decrease injury rates and enhance sports
specific performances. More research has been called upon to further develop knowledge
on each of these respective factors and their relative contribution to hamstring strains.
Recommendations have been made to incorporate all of these factors into preventative and
rehabilitative strengthening programs. If exercise programs are implemented that positively
affect these factors, the probability of an injury occurring or reoccurring might decrease.

" With the foregoing in mind, a need for a training method and exercise apparatus to
improve running performance while reducing the hamstring running injury mechanism has

been established.
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SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide an exercise
apparatus including a support frame upon which is mounted a track, the track
substantially conforming to a runner’s footpath while striding. A first foot engaging
support is secured to the track for movement thereabout while exercising. A resistance
assembly is secured to the foot engaging sﬁpport for applying resistance as a user moves
the foot engaging support about the track.

It is also an object of the present invention to provide an exercise apparatus
wherein the track is vertically oriented.

It is also another object of the present invention to provide an exercise apparatus
wherein the shape of the track is approximately formed in accordance with the formulas
x = L*cos(c)— M *cos(a—~b) and y = L*sin(c) — M *sin(a — b), where cis thigh
angle relative to a horizontal at a hip joint, ais knee angle, bis 27 —c, L is femur length,
and M is tibia length plus shoe sole thickness.

It is also a further object of the present invention to provide an exercise
apparatus including a first static foot platform positioned adjacent a first side of the
track.

It is another object of the present invention to provide an exercise apparatus
including a second foot engaging support.

It is still another object of the present invention to provide an exercise apparatus
wherein the first foot engaging support on a first side of the track and the second foot
engaging support on a second side of the track.

It is yet another object of the present invention to provide an exercise apparatus
including a first static foot platform positioned adjacent the first side of the track and a
second foot platform positioned adjacent the second side of the track.

- Itis also a further object of th;: present invention to provide an exercise
apparatus wherein the resistance assembly is a weight stack secured to the first foot
engaging support. _ '

It is stll a further object of the present invention to provide an exercise apparatus
wherein the resistance assembly further includes an electromagnetic resistance assembly

secured to the first foot engaging support.
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It is yet a further object of the present invention to provide an exercise apparatus
wherein the resistance assembly is an electromagnetic resistance assembly secured to the
first foot engaging support via a belt.

It is also another object of the present invention to provide an exercise apparatus
wherein the resistance varies as the first foot engaging support moves about the track.

It is also an object of the present invention to provide an exercise apparatus
including a support frame upon which is mounted a curvilinear track. A slide including a
curvilinear carﬁage rides upon the curvilinear track and a first user engaging support is
coupled to the slide for movement about the curvilinear track. A linear carriage rides
upon a linear carriage rail supported by the support frame and a resistance assembly is
coupled to the linear carriage. A slidc bar links the curvilinear carriage of the slide to the
linear carriage for the application of resistance as the user engaging support is moved
about the curvilinear track.

Other objects and advantages of the present invention will become apparent
from the following detailed description when viewed in conjunction with the

accompanying drawings, which set forth certain embodiments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of an exercise apparatus in accordance with an
embodiment of the present invention.

Figure 2‘ is a perspective view of a linear carriage utilized in conjunction with the
embodiment shown in Figure 1.

Figure 3 is a detailed perspective view of the embodiment shown with reference
to Figure 1.

Figure 4 is a perspective view of an exercise apparatus in accordance with an
alternate embodiment.

Figure 5 is a side detailed view of the linear carriage assembly in accordance with
the embodiment shown in Figure 4.

Figure 6 is a plot showing knee angle and thigh angle during two running gaits.

Figure 7 is interpreted data generated from these data shown in Figure 6.

Figure 8 shows revised data points generated from these data shown in Figure 6.

Figure 9 is an inital plot of foot position using a developed Matlab program as
well as data generated from equations 3.1-3.5 in the Specification.

Figure 10 shows an alternate track construction in accordance with the present
invention.

Figure 11 shows typical EMG (electromyographic) results of muscles in the leg
while running. _

Figure 12 shows a force curve for contraction of the hamstring.

Figure 13 shows a hamstring force curve in terms of percentage of maximum
output force.

Figure 14 shows a force curve for the limited range of the leg during a sprint.

Figure 15 shows foot position as a function of stride, where rsf = right foot
strike, rto = right toe off, lfs = left foot strike and lto = Iet;t toe off; wherein rfs-rto (that
is, the movement from rfs to rto) can also be termed “mid-swing phase”, rto-Ifs (that is,
the movement from rto to Ifs) can be termed “late swing/ foot strike”, Ifs-lto (that is, the
movement from Ifs to 1to) can be termed “stance phase” and lto-rfs (that is, the
movement from lto to tfs) can be termed “early swing phase”. This data is generated
based upon the information presented in Figure 16.

Figure 16 shows Cartesian equations describing foot position.
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Figure 17 shows an array of vectors tangent to the footpath during entire run
gait. The arrows represent vector forces applied during the gait cycle at the foot.

Figure 18 shows concentric motion of the leg during running.

Figure 19 shows eccentric motion of the leg during running.

Figure 20 shows an area of concern for the concentric motion of a leg during the
first phase of leg motion.

Figure 21 shows an area of concern of eccentric fnon’on of the leg as the leg
moves from the second phase to the first phase.

Figure 22 shows the footpaths for individuals of different heights where the hip
joint is located in the same location for each curve, whetein 5 ft. 1 in. = 154.9 cm, 5 ft. 5
in. =165.1 cm, 5 ft. 9in. = 175.3 cm, 6 ft. 1 in. = 185.4 cm, and 6 ft. 5 in. = 195.6 cm.

Figures 23 to 28 show the various steps associated with utilization of the present

exercise apparatus.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The detailed embodiments of the present invention are disclosed herein. It
should be understood, however, that the disclosed embodiments are merely exemplary of
the invention, which may be embodied in various forms. Therefore, the details disclosed
herein are not to be interpreted as limiting, but merely as a basis for teaching one skilled
in the art how to make and/or use the invention.

It is the intent of the present invention to enhance an athlete’s performance in a
specific activity and reduce injury occurrence during that activity by training the athlete in
a manner that mimics the activity as closely as possible. More specifically, where the
activity is running, it is beneficial to create a training environment that simulates the
lower limb motions involved during running, thus enhancing running performance and
reducing the chance of a hamstring strain.

The present invention is designed to accurately capture the running system, and
the fundamental components of the present invention, therefore, revolve about an in
depth knowledge of the trajectory of the athlete’s leg as it moves while running. All
forces used to propel the body forward during running attenuate from the reaction force
exerted from the ground, to the foot and then throughout the leg and the rest of the
body. All propulsive forces in running act in the opposite direction of the trajectory of
the point in contact with the force. In running, the point of contact is the foot.
Therefore, during specificity training, forces need to be applied along the trajectory of
the foot to propetly train the leg. In order to properly accomplish this goal, the
trajectory of the foot during running must be documented and well understood. In the
development of the present invention, the characteristics of an athlete’s stride were
carefully studied and applied to create the present exercise appatatus especially suited for
exercising an athlete’s hamstring.

Referring to Figures 1 to 3, an exercise apparatus 10 in accordance with a
preferred embodiment of the present invention is disclosed. Briefly, the exercise
apparatus 10 includes a support frame 12 upon which is mounted a vertically oriented,

. curvilinear track 14. The curvilinear track 14 substantially conforms to the path of a
runner’s foot while striding with an arcuate path discussed and desctribed below in greater
detail. The exercise apparatus 10 includes first and second foot engaging supports 16, 18
mounted upon opposite sides of the curvilinear track 14 for movement thereabout while

exercising in accordance with the present invention. A resistance assembly 20 is secured
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to the first and second foot engaging supports 16, 18 for applying resistance as a user
moves the foot engaging supports 16, 18 about the curvilinear track 14. In fact, the
resistance assembly 20 varies the resistance ?pplied to the first and second foot engaging
suppotts 16, 18 as they are moved about the curvilinear track 14 to optimize exercise
applied to the leg being exercised.

The exercise apparatus 10 also includes a slide 44 having a curvilinear carriage 54
that rides upon the curvilinear track 14, wherein the first and second user engaging
supports, that is, the first and second foot engaging supports 16, 18 are coupled to the
slide 44 for movement about the curvilinear track 14. A linear carriage 38 rides upon a
linear carriage rail 36 supported by the support frame 12 and the resistance assembly 20
is coupled to the linear carriage 38. A slide bar 96 links the curvilinear carriage 54 of the
slide 44 to the linear carriage 38 for the application of resistance as the first and second
foot engaging supports 16, 18 are move about the curvilinear track 14 by an individual
using the exercise apparatus 10.

As will be appreciated based upon the following disclosure, the exercise
appatatus 10 includes first and second static foot platforms 22, 24 positioned adjacent to
the support frame 12 on opposite sides, that is, respectively the first and the second sides
26, 28 of the curvilinear track 14. The first and second static foot platforms 22, 24
provide a user support for one foot, and leg, while the other foot and leg are moved
about the curvilinear track 14 in accordance with the present invention.

Referring to Figures 1, 2 and 3, the support frame 12 of the present exercise
apparatus 10 includes a base structure 30 having first (forward) and second (rearward)
upwardly extending supportt bars 32, 34 extending therefrom. The first and second
upwardly extcnding support bars 32, 34 are substantially parallel and a linear carriage rail
(or linear carriage track) 36 for applying linear resistance to the first and second foot
engaging supports 16, 18 extends between the first and second upwardly extending
support bars 32, 34 for supporting a linear carriage 38 for reciprocating motion as
discussed below in greater detail.

The curvilinear track 14 is mounted within the central space defined by the base
structure 30, the first and second upwardly extending support bars 32, 34 and the linear
carriage rail 36. The cutvilinear track 14 includes first and second horizontally oriented
engagement surfaces 40, 42 upon which a slide 44, discussed below in greater detail, rides

permitting exercise in accordance with the present invention. In order to create a stable
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track structure, the curvilinear track 14 is secured to a track support plate 46, and the first
and second horizontally oriented engagement surfaces 40, 42 extend outwardly from
opposite sides of the track support plate 46, such that a portion of the intetnal space 47
defined by the curvilinear track 14 is filled in with the track support plate 46.

Although the curvilinear track 14 is disclosed above with reference to Figures 1
to 3 as being composed of first and second horizontally oriented engagement surfaces
40, 42 which extend outwardly from the track support plate 46 and ate held in a spaced
relationship by the support plate, the curvilinear track 414 may be integrally formed (and
still supported by the support plate 446) as shown in Figure 10 with an open internal
space 447 and a ridge 415 separating the first and second horizontally oriented
engagement surfaces 440, 442.

Connecting bolts 53 secure the curvilinear track 14 and track support plate 46 to
the sypport frame 12. The slide 44 secures the first and second foot engaging supports
16,.18 to the curvilinear track 14 for movement thereabout. As the slide 44 rides directly
upon the curvilinear track 14, the first and second foot engaging supports 16, 18 are
supported to ride along the path of the curvilinear track 14.

In accordance with 2 preferred embodiment, the slide 44 includes a curvilinear
carriage 54 to which opposed first and second inwardly directed wheels 56a, 56b and
bearings 58a, 58b are secured. The curvilinear carriage 54 includes a U-shaped support

* member (or U-bar) 60 including a first leg 62, a second leg 64 and a connecting member
67 secured between the upper ends 68, 70 of the first and second legs 62, 64. As such,
the lower ends 72, 74 of the first and second legs 62, 64 are free to engage the curvilinear
track 14 (via wheel assemblies 63, 65 discussed bélow) and fit about the track support
plate 46 as the first and second foot engaging supports 16, 18 are moved about the
curvilinear track 14 during exercise.

More particularly, first and second inwardly directed wheel assemblies 63, 65 are
secured to each of the first and second legs 62, 64 adjacent the lower ends 72, 74 thereof.
The first and second wheel assemblies 63, 65 support the respective first and second
inwardly directed wheels 56a, 56b such that they are respectively supported upon the
outer and inner surfaces 76, 78 of the curvilinear track 14, more particularly, the first and
second horizontally oriented engagement sutfaces 40, 42, in 2 manner securely coupling
the slide 44 to the curvilinear track 14 allowing the slide 44 to move about the curvilinear

track 14 in a desired manner. First and second pin connection rods 80, 82 extend
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through apertures 83, 85 into the first and second legs 62, 64 to pivotally secure the first
and second legs 62, 64 to the first and second wheel assemblies 63, 65 such that the first
and second wheel assemblies 63, 65 may rotate relative to the U-shaped support member
60 as fhe curvilinear cartiage 54 is moved about the curvilinear track 14 (see Figures 23
to 28). That is, the first and second wheel assemblies 63, 65 are free to pivot and follow
the contour of the curvilinear track 14 while the U-shaped support member 60 remains
substantially vertically oriented.

The first and second pin connection rods 80, 82 respectively extend outwardly
from the first and second legs 62, 64 adjacent the lower ends 72, 74 thereof. The outer
ends 80a, 82a of the respective first and second pin connection rods 80, 82 are each
provided with an elongated adjustment bar 88, 90. Each of the adjustment bars 88, 90 is
substantially U-shaped defining a slot 89, 91 in which a support block 93, 95, to which
the first and second foot engaging supports 16, 18 are pivotally secured, is mounted for
selective movement along the length of the adjustment bar 88, 90 in a manner permitting
ready adjust of foot position. Each of the adjustment bars 88, 90 includes a plurality of
spaced apertures 92 shaped and dimensioned for selectively receiving a locking pin 97
that engages both the spaced apertures 92 of the adjustment bar 88, 90 and an aperture
99 within the support block 93, 95 for locking the support block 93, 95, and ultimately
the first and second foot engaging support 16, 18, in position along the adjustment bar
88, 90. As those skilled in the art will certainly appreciate, the first and second inwardly
directed wheels 56a, 56b and bearings 58a, 58b should be chosen to accommodate the
lifespan of the exercise apparatus 10 and be fitted into place.

As discussed above, the motion of leg is curvilinear as it is moved about the
curvilinear track 14 in accordance with the present exercise apparatus 10 and resistance is
applied to the slide 44, and ultimately the first and second foot engaging supports 16, 18,
via the resistance assembly 20. In accordance with a preferred embodiment, the
resistance assembly 20 translates the curvilinear motion of the slide 44 moving about the
curvilinear track 14 to linear motion of a weight stack 94 moving up and down. This is
achieved such that the force applied to the user’s leg is varied as the user moves his or
her leg about the curvilinear track 14.

More partculatly, and in accordance with a preferred embodiment, the
curvilinear motion of the leg as it moves about the curvilinear track 14 is transferred to a

linear, horizontal motion where resistance may appropriately be applied via a resistance
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mechanism, for example, the weight stack 94 shown with reference to the embodiment
of Figures 1 to 3. As will be appreciated based upon the following disclosure, although a
weight stack is disclosed for use in accordance with the embodiment shown in Figures 1
to 3, other resistance structures, for example, an electromagnetic resistance assembly as
disclosed with reference to Figures 4 and 5, may be employed without departing from
the spirit of the present invention.

A weight stack 94 has many benefits. Many athletes like the idea of a weight
being visible so you can see it being lifted. Athletes are accustomed to weights and
would view the machine as more of a “free weight” machine and less of a gimmick such
as those machines that offer resistance in the form of a bow or spring that are supposed
to strengthen the leg. Also, with the weight stack, you get a condition known as “dead
weight” when changing directions at the phase boundaries. This is usually a frowned
upon condition in the gym, but might be beneficial in this case. “Dead weight” is a lag in
movement that is created due to the inertia created by the mass of the weight. This
causes the body part being worked to want to continue in its original path and create a
resistance to a new path. In many exercises this is not ideal, but one of the functions of
the hamstring is to slow down the leg before it touches the ground and then
instantaneously contract to pull the leg in the opposite direction. The dead weight
mimics and amplifies this natural occurrence and thus should help develop the hamstring
to a greater extent. A weight stack is also easily adjustable and virtually maintenance free -
which is a large factor in choosing this means of resistance.

In accordance with a preferred embodiment, and as particularly shown with
referénce to Figures 1 to 3, force is translated to the slide 44 via the resistance assembly
20 which generally includes a weight stack 94 linked to a linear carriage (or linear slide)
38 that is ultimately linked to a slide bar 96 fixedly and rigidly coupled to the slide 44 and
the first and second fo;at engaging supports 16, 18. As will be discussed below in greater
detail, the linear carriage 38 is supported upon the support frame 12 for linear movement
in a horizontal plane. More particularly, and as briefly discussed above, the support
frame 12 includes a linear carriage rail 36 which is shaped and dimensioned to supporf
the linear carriage 38 for reciprocating motion as described herein. In accordance with a
preferred embodiment, the linear carriage rail 36 includes an upper, or first, guide rail
member 98 and a lower, ot second, guide rail member 100. The upper and lower guide
rail members 98, 100 extend between the first and second upwardly extending support
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bars 32, 34 and provide a railway for movement and support of the linear carriage 38.

The linear carriage 38 includes a framework with wheels and bearings that engage
the support frame 12 of the exetcise apparatus 10 for movement relative thereto in a
horizontal plane. In particular, and with reference to Figure 2, the linear carriage 38
includes opposed mounting plates 102, 104 held together by bolts 106 (with attached
clips 107 for coupling to cables 138, 139 of the resistance assembly 20) in a spaced
relationship. An upper wheel assembly 108 and a lower wheel assembly 122 are secured
between the mounting plates 102, 104 and are respectively shaped and dimensioned to
engage the upper and lower guide rail members 98, 100. The upper wheel assembly 108
includes first and second laterally spaced upper wheels 110, 112 and first and second
laterally spaced lower wheels 114, 116 secured between the mounting plates 102, 104.
The first and second laterally spaced upper wheels 110, 112 are spaced laterally outside of
the first and second laterally spaced lower wheels 114, 116. The lower wheel assembly
122 includes first and second laterally spaced lower wheels 124, 126 and first and second
laterally spaced upper wheels 128, 130 secured between the mounting plates 102, 104.

As with the upper wheel assembly 108, the first and second laterally spaced lower wheels
124, 126 are spaced laterally outside of the first and second laterally spaced upper wheels
128, 130. The first and second laterally spaced upper wheels 110, 112 of the upper wheel
assembly 108 and first and second laterally spaced lower wheels 124, 126 of the lower
wheel assembly 122 respectively engage the top surface 118 of the upper guide rail
member 98 the bottom surface 132 of the lower guide rail member 100 for supporting
the linear carriage 38 thereon.

The linear carriage 38 further includes a vertically oriented, central aperture 136
shaped and dimensioned for engagement with the slide bar 96 extending upwardly from
the slide 44. As will be appreciate based upon the following disclosure, movement of the
slide bar 96 through the central aperture 136 of the linear carriage 38 is facilitated by a
central opening 66 in the linear.carriage rail 36 through which the slide bar 96 also
passes. The central aperture 136 is defined by the first and second laterally spaced lower
wheels 114, 116 of the upper wheel assembly 108 and the first and second laterally
spaced upper wheels 128, 130 of the lower wheel assembly 122 to provide a passageway
through which the slide bar 96 may freely move while still being laterally supported by
the wheels 114, 116, 128, 130. More particularly, the slide bar 96 is connected to the
connecting member 67 of the U-shaped support member 60 of the slide 44. It is shaped
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and dimensioned to engage the linear carriage 38 for ultimately translating the motion of
the first and second foot engaging suppotts 16, 18 to the weight stack 94. The'slide bar
96 passes through the central aperture 136 of the linear carriage 38. In this way, the slide
bar 96 is free to move up and down relative to the linear carriage 38 while being pushed
laterally as one moves the first and second foot engaging supports 16, 18 about the
curvilinear track 14. Since the linear catriage 38 is moved laterally, this motion is
translated to the weight stack 94 which connects the linear carriage 38 to the weight stack
94. More particularly, and as mentioned earlier, it has been found to be most effective to
translate the curvilinear motion of the foot engaging supports 16, 18 about the
curvilinear track 14 to a one-degree of freedom, horizontal, linear system as embodied by
the motion of linear carriage 38.

It is contemplated one can significantly reduce the height of the fixture by creatinga
different foot track than shown in the various figures. For example, if the track was splitin
half down the plane of symmetry, the mounting of the slides could be in the center of the
exercise apparatus, not the outside. This would mean that the U-shaped engaging member
could be modified to that of just a shaft that runs between the two identical tracks and not
have to surround the original track. This would reduce the height of the exercise apparatus
by the height of the track which is approximately 80 cm. If a weight stack is used, as shown
in Figure 1, the vertical distance traveled by the weight is equal to that of the horizontal
distance traveled by the foot and consequently the linear carriage 38. This consequently
requires the vertical distance from the top weight in a stack to the pulley (which is aligned
with the horizontal slide) must be greater than the horizontal distance traveled by the slide.

As mentiopcd above, the linear carriage 38, and ultimately the first and second foot
engaging supports 16, 18, are coupled to a resistance assembly 20, for example, a weight
stack 94. In accordance with the present invention, it has been noticed that if the movement
of the horizontal system (that is, generally the linear carriage 38 and the weight stack 94) is
resisted, the forces should translate to the athlete’s foot quite nicely via the slide 44 and the
first and second foot engaging supports 16, 18. This is a closed loop path so resistance is
needed in both directions and the resistance in the eccentric direction must be different than
that in the concentric direction. As a result, and in accordance with a preferred embodiment
of the present invention, the motion of an athlete’s foot about the curvilinear track 14 has
been divided into two phases. The first phase is when the foot is contracting (see Figure 18).
The second phase is when the foot is eccentrically extending (see Figure 19). Both of these
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phase’s boundaries are at the horizontal extremes of the leg motion.

The first phase of the present exercise apparatus 10 is the most researched part of
the entire exetcise apparatus 10, as it is the only phase of leg movement current weight
machines attempt to work. As mentioned above, in accordance with a preferred
embodiment, a cable 138 is attached from the weight stack 94 to the linear carriage 38
with a pulley 140 guiding the cable 138 therebetween.

As a result, the weight stack 94 is linked to the linear carriage 38 and ultimately
the slide 44 via the cable 138 which passes over the pulley 140 and is ultimately secured
to the weight stack 94. In order to ensure acceptable spacing between the weight stack
94 and the user of the present invention, the pulley 140 is secured to the free end of a
support bar 144 extending from the first upwardly extending support bar 32 and the
weight stack 94 extends therefrom. A simple weight stack 94 is shown in accordance
with a preferred embodiment shown in Figure 1. However, those skilled in the art will
appreciate a variety of weight stack structures are known in the art and may be used
without departing from the spirit of the present invention.

This first phase describes the motion of the leg as the foot touches the ground
and is then being pulled up and tucked toward the buttocks. The key area of concern in
the first phase is in the later position of this motion highlighted in Figure 20.

This is the portion of the movement where hamstrings are worked the greatest
and the potential to strengthen them is at its greatest. By observing the tangent vectors
in Figure 20, one can see that as you encounter the later portion of this movement, the
horizontal component decreases to the point to where it is almost non-existent. With
the resistance being translated to the horizontal plane, the amount of force needed to
move the linear carriage 38 increases and is thus felt more by the hamstring. Itis
believed this translation of force from the curvilinear to linear plane provides an
appropriately proportionate amount of resistance that will work the hamstring
effectively.

The region of most concern for the second phase is the later half of the second
phase where the transition between the second phase and the first phase occurs (see
Figure 21). This is where the leg is extending, the quadriceps as well as the eccentrically
loaded hamstrings are firing and slowing down the inertia of the tibia. Having the weight
stack 94 is a good and bad thing for this movement. At the end of the first phase and
the beginning of the second phase, the weight stack 94 is going to want to pull the foot
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forward to where it is time to begin the first phase again. In a slow, controlled
movement, this can be fine. This might be used for rehabilitation puzposes. This,
however, won’t be good for high speed, muscle building purposes.

A separate resistance is needed to counter the weight and to supply additional
resistance as needed. This resistance would of course be generated in the horizontal
plane but should only work in one direction. In accordance with a preferred
embodiment, a secondary resistive device, or assembly, such as an electromagnetic
resistance assembly, for example, an electromagnetic brake 146, may be secured to the
linear carriage 38 via a cable 139 and used for the second phase as well as the transition
between the first phase and the second phase of the leg motion when used with a weight
stack. In accordance with a preferred embodiment, a logic device controlled with a
switch input at each phase transition can be used to trigger an appropriate current to the
electromagnetic brake 146 which in turn applies a desired resistance to the forward
moving linear carriage 38 and weight stack 94, although it is contemplated other control
structures known to those skilled in the art may be utilized without departing from the
spitit of the present invention. An electromagnetic brake 146 is easily adjustable by an
operator and can offer a wide range of resistances. The exercise apparatus 10 has been
designed to accommodate alterations and accommodations for alternate resistive devices
or combinations therein discussed in detail below.

In accordance with an alternate embodiment of the present invention, the dual
resistance assembly discussed above could be replaced with a single electromagnetic
resistance assembly programmed to apply appropriate resistance along both the first
phase and the second phase of the runnet’s stride. In particular, and with reference to
Figures 4 to 5, an exercise apparatus 210 in accordance with an alternate embodiment is
disclosed. With the exception of the components discussed below, this exercise
apparatus 210 is substantially identical to that disclosed above with reference to Figures 1
to 3. The linear cartiage 238, which rides upon a linear carriage rail 298 composed of the
two rigidly constrained shafts 362, 364, is coupled to a looping belt 350 which is fixedly
secured to the linear carriage 238 and passes over a forward pulley 352 and a rearward
pulley 354. Either the forward pulley 352 or the rearward pulley 354, or both pulleys, is
associated with an electromagnetic resistance assembly, for example, an electromagnetic
brake, 356 (although the disclosed embodiment shows the rearward pulley 354)

controlling resistance applied to the linear carriage 238 as one attempts to move it
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forward and backward. As a result, regardless of which ditection the linear carriage 238
is moved, resistance to the movement thereof is applied as a result of the belt 350
attempting to turn the pulleys 352, 354 to which an electromagnetic resistance assembly
356 is coupled. Improved versatility can further be achieved by controlling the
electromagnetic resistance assembly 356 with a computer 358 monitoring the position of
the runner’s foot along the curvilinear track 214 and accordingly adjusting the applied
resistance. | ‘

With regard to the linear carriage 238 used in accordance with this embodiment,
it generally includes first and second pillow blocks 360 (only the first pillow block 360 is
shown and the second pillow block is identical and opposite thereto for engaging
constrained shaft 364) shaped and dimensioned to glide along two rigidly constrained
shafts 362, 364 extending between the fist upwardly extending support bar 232 and the
second upwardly extending support bar 234.

While a wheel assembly is utilized in conjunction with the embodiment disclosed
with reference to Figures 1 to 3 and pillow blocks are utilized in conjunction with the
embodiment disclosed in Figures 4 and 5, those skilled in the art will appreciate that
there are a variety of mechanical structures which would permit linear movement of the
linear carriage along the carriage rails.

As stated above, the present exercise apparatus 10 is also provided with a stand
for the leg not in use in the form of the first and second static foot platforms 22, 24.

The original path of the leg is offset to the ground by approximately 25 cm. The
person’s stabilizing foot should be even with the lowest portion of the path. This offset
“ground” will create enough room for the tallest individuals to use this device. The same
holds true for shorter people. The first and second static foot platforms 22, 24 would
adjust up and down accordingly and are moveable to accommodate various users.

The exercise apparatus 10 is also provided with a hand support 148 extending
rearwardly from the first upwardly extending support bar 32. The hand support 148 is
adjustable to accommodate users of different size and is sized to allow for gripping by both
hands as the user employs the present exercise apparatus 10.

In accordance with a preferred embodiment of the present invention, the
components of the present exercise apparatus ate composed of aluminum, alloyed steel

and other materials commonly employed in the exercise industry.
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Referring to Figures 23 to 28, operation of the present exercise apparatus 10
shown with reference to Figures 1 to 3 is shown (although this description equally
applies to use of the embodiment shown in Figures 4 and 5). The exercise apparatus 10
is shown from the point of view of working the left leg while the right leg sits on the
second static foot support platform 24. Once the user is properly secured to the exercise
apparatus 10 with his or her left foot secured within the second foot engaging support 18
at the highest point in the track’s path and his or her right foot securely supported upon
the second static foot supéort platform 24, the exercise process will begin (see Figure
23). The user then moves his or her foot forward and downward with the weight stack
94 dropping and resistance supplied by the electromagnetic brake 146 of the resistance
assembly 20 as discussed above for the second phase of the runner’s gait (see Figure 24).
As this movement continues, the slide bar 96 moves downwardly relative to the central
aperture 136 of the linear carriage 38 while the forward motion of the slide 44 and slide
bar 96 causes the linear catriage 38 to move forward along the linear carriage rail 36.
Movement of the slide bar 96 through the central aperture 136 of the linear carriage 38 is
facilitated by the central opening 66 in the linear carriage rail 36 through which the slide
bar 96 also passes. This continues until the runner’s foot reaches the forward most point
of the curvilinear track 14 (see Figure 25). The runner’s foot then reverses directions and
begins to move rearward into the first phase of resistance as discussed above with
resistance being applied as a result of the weight stack 94 being moved upwardly while
the linear carriage 38 is moved rearwardly (see Figure 26). As this movement continues,
the slide bar 96 initially moves downwardly relative to the central aperture 136 of the
linear carriage 38 while the rearward motion of the slide 44 and slide bar 96 causes the
linear carriage 38 to move rearward along the linear carriage rail 36. Thereafter, the slide
bar 96 moves upwatrdly relative to the central aperture 136 of the linear carriage 38 while
the rearward motion of the slide 44 and slide bar 96 continues causing the linear carriage
38 to move rearward along the linear catriage rail 36 (see Figures 27 and 28). This
continues until the runner’s stide moves the second foot engaging support 18 toward
the highest point, at which time resistance switches to the second phase as discussed
above.

As with the prior embodiment shown with reference to Figures 1 to 3, the
exercise apparatus shown with reference to Figures 4 and 5 is to be used one leg ata

time. With the runner facing forward toward the first upwardly extending post, the
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user’s leg would generate a propulsive force which enables the slide to move along the
track in a clockwise fashion. The linear carriage will then move in a forward direction
pulling the belt in the same direction and ultimately rotating the first and second pulleys.
This is during the second phase of a runner’s gait. As the runner reaches the transition
between the second phase and the first phase of the runner’s gait, the linear carriage will
begin moving rearwardly and the cable and pulleys will also switch directions. Whether
the carriage is moved forward or rearward, the electromagnetic resistance assembly
applies resistance to the movement of the foot which is appropriate for that position
during the stride.

Ultimately, the linear carriage is driven by an outside thrust which has been
translated from the foot to the linear carriage caﬁsing linear movement. This linear
movement is constantly resisted by the electromagnetic resistance assembly that is
capable of administering torques in rotations for both directions.

While developing the present exercise apparatus many issues were considered. In
particular, the curvilinear track 14 of the present exercise apparatus 10 is optimized to
replicate that of a runner’s gait, or stride, as he or she exercises without resistance. In
developing the present exercise apparatus 10, measurements were taken from the
literature regarding the thigh angle and knee angle the leg makes throughout the entire
sprinting gait as shown in Figure 6. These data indicated by the dotted line are from a
male subject running at 7.6 meters/second. This is not a2 maximum speed for top
sprinters, but is considered relatively fast. Also shown in Figure 6 is the gait fora
distance run (3.9 meters/second). Itis obvious the changes in the leg position are
profound and fundamentally differ from that of the sprinting gait. While these differ
significantly, gaits at higher speeds will not significantly vary from that shown with regard
to the gait of a runner moving at 7.6 meters/second due to limitations in human
petformance abilities. As such, and in accordance with a preferred embodiment of the
present invention, the stride path for an individual at 7.6 meters/second gait has been
chosen as the basis for the track shape, although those skilled in the art will appreciate
the curvilinear track 14 shape may be vatied without departing from the underlying
concepts of the present invention.

These data describing the motion of the leg are in units of radians. This helps
describe femur and tibia positions relative to each other, but does little to describe the

position of the foot where the present exercise apparatus 10 will attach. In order to
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describe the position of the foot, information is needed on the length of body segments
involved in conjunction with data above to form an equation to describe the -position of
the foot during the gait and ultimately define a path for the curvilinear track 14 employed
in accordance with the present invention.

Anthropometric data concerning the average lengths of body segments was
obtained from data published within a book entitled Biomechanics and Motor Control of
Human Movement by David A. Winter, a cornerstone in the field of biomechanics.

With this information, height waé the only other variable needed to describe this motion.
The average height for males at the 50t percentile range is 69 inches (175.3 cm).
Information regarding the height of the 95t percentile of the populous was available and
thought was given in using this information as a height boundary for the present exercise
apparatus 10 but .i_t is prevalently known that supetior athletes are usually taller than the
average male as many sports benefit from individuals with height advantages. As the
present exercise apparatus 10 will likely be initially used on above average athletes and
the upper limit of an estimated 77 inches (195.6 cm) were disregarded and the present
exercise apparatus 10 has been designed in accordance with a preferred embodiment so
that it was capable of including a rare 84 inch (213.4 cm) person who would regularly use
this device in a collegiate or professional training regiment. However, the average male
height of 69 inches (175.3 cm) was maintained as the default setting in order to account
for female athletes that on average are shorter than their male counterparts. Ultimately,
those skilled in the art will appreciate the size of the present exercise apparatus may be
readily varied within the spirit of the present invention to accommodate the widest range
of users.

Having acquired the body segment length information, the first step in
developing an equation was to put the angle data in a workable form. All the coordinates
from Figure 6 were replicated into a spreadsheet and the plot of this is shown in Figure
7. Human error was naturally involved due to the use of second hand peer reviewed
data. Collected coordinates from Figure 7 were smoothed with a cubic spline until these
data in Figure 6 closely resembled the collected data shown in Figure 8. These data
collected were plotted on the same scale and visually inspected until a substantial amount
of error was reduced between these data sets.

Another concern with the formation of the equation is the environment in which

the present exercise apparatus 10 is intended to be used. This exercise apparatus 10 is to
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be used by athletes under conditions similar to those encountered while working outin a
gym environment. As will be discussed below in greater detail, the exercise apparatus 10
will be mounted to the foot via a pedal 50 and foot strap 52 forming part of each of the
first and second foot engaging supports 16, 18 as shown best in Figure 3. As those
skilled in the art will, however, appreciate, a variety of foot securing structures known to
those skilled in the art may be utlized without departing from the spirit of the present
invention.

The information relating to body length segments only relates to the body
segments themselves and, therefore, ends with the heel of a runner. The present exercise
apparatus 10 is designed to trace the path of the leg at the point of contact with the first
and second horizontally oriented engagement surfaces 40, 42. In a gym setting you need
to wear athletic shoes. The pedal 50 should naturally mount to the bottom of the athletic
shoe thus offsetting the actual distance from the heel to the pedal 50; a distance equal to
that of the thickness of the sole of the shoe. There are hundreds, if not thousands of
different types, of athletic shoes that people wear to the gym so an exact average of sole
thickness is hard to determine. An assumption was needed to be made on the thickness
of the shoe and, in accordance with a préferred embodiment, a sole thickness of 1 Y2
inches (3.8 cm) was employed in developing the preferred embodiment of the preset
invention.

Taking all the above into consideration, the equations to approximately describe
the motion of the leg, more particulatly, the position of the foot mounts, that is, the first
and second foot engaging supports 16, 18, were derived. These equations have
ultimately been proven to be substantially accurate by comparing the produced curves
with actual data from runners. This detivation is shown below (with English units

converted to metric units; and “#*” indicates multiplication).

The average height of athletes in meters, H , is given as

H=1%*.0254 31

Where [ is the average heigl;t of athletes in inches.
The length of the Femur, L, is given as
L=245*H 3.2
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The length of the tibia plus the shoe sole thickness is tepresented as M and is given as
M = 285*H +.037 : 33

Equations 3.1-3.3 are applied to give the position of the foot, in Cartesian coordinates,
relative to a stationary upper body as shown in equations 3.4 and 3.5.
x =L *cos(c)— M *cos(a-b) 3.4
y = L*sin(c) — M *sin(a - b) 3.5

where cis the thigh angle relative to the horizontal at the hip joint given in Figure 8, ais the
knee angle given in Figure 8 and bis 27 — ¢. Equations 3.4 and 3.5 imply that the femur is
rotating about the hip joint and the tibia is rotating about the knee joint as shown in the key

of Figure 6.

The initial plotting of this relationship is also shown below in Figure 9. One can
easily notice the discontinuities of the movement by the irregular trajectories in the
connection of these data points. Common sense tells us that these irregularities are not
the actual motion of the leg, but the result of the error discussed earlier from the lack of
first hand data. The curvilinear motion that describes the leg actually follows a relatively
smooth path. These data were ultimately later modified slightly in a CAD software in
order to obtain a final, s-mooth path.

A Matlab file was developed to manipulate the original data involved. This
program required the raw data as well as the relationships established in equations 3.1-
3.5. This program, when run, creates a plot for a given height value as well as display the
x and y cootrdinates for each datum point. This program became useful later on when
comparing the running gaits of several heights of individuals as well as modeling the
relationships in 2 CAD program. In accordance with a preferred embodiment, all the x,y
coordinates obtained eatlier using Matlab were typed into the computer. The individual
data points were then connected using an arcing function in the software. By editing
these data points slightly, a smooth curvilinear path was created which is the basis for the
path of the curvilinear track 14. From this curve the present curvilinear track 14 was
created for providing the basis of movement for the leg in the present exercise apparatus

10. Empirical evidence has further been developed supporting the appropriateness of
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the track path utilized in accordance with the present invention.

Once the motion of the leg was established, the path of the curvilinear track 14
was modeled using the CAD software and the remainder of the exercise apparatus 10
was developed around the curvilinear track 14.

As briefly discussed above, it has been determined the best way to apply force to
the user’s leg in accordance with the present invention is to transfer the curvilinear
motion of the leg as it moves about the curvilinear track 14 to a linear, horizontal motion
where resistance may appropriately be applied via the weight stack 94. In order to
appreciate the reasoning behind this large step in the development of the present exercise
apparatus 10, an ample amount of background information is needed in the function of
the leg and the muscles involved in the running process. 4

Shown in Figure 11 are some typical EMG results of the firing of muscles while
running. This information provided gives a qualitative look as to when the muscles fire
concentrically and eccentrically during the running gait. This information tells us that the
hamstring muscles work in two periodic fashions. One is to work in conjunction with the
quadriceps to decelerate the tibia right before impacting the ground. This is its eccentric
movement and its conjunction with the quadriceps is shown by the synchronization of the
hamstring’s EMG and the quadriceps’ EMG. The other fashion in which the hamstring is
used is in the stabilization of the leg while it is in contact with the ground and then most
importantly, lifting the leg off the ground. This is its concentric movement. Both areas are
extremely important and are highlighted in Figures 18 and 19 which are described above in
greater detail.

The quadriceps as well as the hamstring work in conjunction with each other and
it is difficult to measure how much of each muscle is doing the work involved. There is,
however, some highly disputed information about the forces involved in the concentric
motion of the hamstring due to its isolation during this motion. Force curves tell us
what the muscle is capable of lifting at a certain angle during its concentric and eccentric
phase. An example of a force curve for the hamstring of an individual can be seen
below. It should be noted that the units involved are Newtons. This tells us that this is
highly individual and a more general scale is needed for our purposes. In developing the
present exercise apparatus, a curve that could tell proportionately how much weight
could be lifted when the leg was at a certain angle when compared to another angle was

desired. To do this, these data in Figure 12 were transformed so the scale on the y-axis
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was a percentage ranging from 0 to 100% in terms of the force capable of lifting. This is
shown in Figure i3. From this information above, one can see the hamstring is capable
of lifting more weight when it is contracting at an extended angle rather than when it is
almost fully contracted. A way that this curve is utilized in practice is in weight
machines. A cam is used to compensate for the weaker portions of the hamstring
movement creating an isotonic contraction. This data and method of implementation
makes sense, but as mentioned eatlier is widely disputed. Many experts claim that the
use of the cam shows no significant improvement in muscle strength when compared to
that of a movement that doesn’t udlize this information.

Figure 14 indicates that that the force needed when the knee angle is at its
slightest degree is approximately half of that when it is fully extended. This can be
partially confirmed by observations of several leg machines available on the current
market. The cam’s radius on these machines ranged from 6 inches (15.2 cm) at a full
extension, to 12 inches (30.5 cm) at the end of a concentric curl. This would provide a
gradual change of resistance from 200% to 100% having an ideal felt resistance of 100%
during the entire motion (100% of the resistance being a constant force at 6 inches (15.2

crn)v from center).

Linear Regression Fit of Data
When transferring resistance to the leg, the equations describing the tangents to

the path that the leg follows are of most importance. These equations are obtained by
taking the derivative of the equations that describes the motion of the leg. Mathematical
software can model the path of the leg and produce a Cartesian equation that fits the
motion of the leg quite superbly using linear regression lines. The equations describing
the path as well as their plots are shown in Figures 15 and 16. Figure 15 can be used as a
reference to the particular segments in the sprinting gait; that is, the mid-swing phase,
late swing/foot strike, stance phase and eatly swing phase as shown and described with
reference to Figure 15.

In accordance with the present disclosure, Cartesian coordinates are used
because, even though the motion of the leg is periodic, it can be easily broken up into
smaller sections that would be easier to analyze and modify later in the development of
the machine. By finding the tangents to the path along all points of the curve one can

then see what forces are needed to produce a desired reaction in the leg. The equations
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if needed are available, but once again it was decided to use the software available in
CAD to demonstrate these tangents. This is shown in Figure 17. This plot provides a
very descriptive, qualitative assessment of the tangents to the track path which will later
be used.

Calculation of Force

The present exercise apparatus 10 may need to be designed to accommodate
changes to the forces involved. For example, instead of using a pulley, which is used in
accordance with a preferred embodiment of the present invention as described herein, it
is contemplated a cam might be needed instead. Since many assumptions have been
made as to what forces will be required to propetly exercise the hamstring, it has been
deemed inappropriate to describe the forces needed with an exact equation such as those
found in Figure 16. In terms of the tangents to the path, this could be modeled via ProE
software and was done as shown in Figure 17. Figure 17 shows the tangents to the path
at certain regions of the running gait. This gives a qualitative view of the components of
forces involved in the motion of the leg. Itis contemplated, a cam can later be
developed and fitted to the exercise apparatus if experiments of the exercise apparatus
and observations made by users of the exercise apparatus indicate that a pulley is not
sufficient in delivering the correct force. The equations describing the leg motion can
then be used as a tool to interpolate the proper resistance through experimentation. The
proper sequence of forces to be applied to the linear carriage 38 and translated to the
foot is solely based on the individual user with the goal of the individual’s neuromuscular
activity being similar to that shown in Figure 11 thus replicating forces typically seen
during running. As those skilled in the art will certainly appreciate, sequences are not
limited to replicating the neuromuscular activity shown in Figure 11 and varations may
be made thereto without departing from the spirit of the present invention. Those
skilled in the art will appreciate the forces generated by the resistive device will create
forces at the foot that will translate to the leg. The EMG signals are indirect methods of
measuring the sequence of forces and match them up with the running gait so if the
person ran and the persoh got on the machine, their EMG signal would be similar. Thus
the machine generated forces seen in running. As discussed above, the present exercise
apparatus needs to cater to a wide range of individuals. As mentioned earlier, this

includes a large height range to accommodate. Using the Matlab progtam mentioned



WO 2007/117530 PCT/US2007/008450

29

earlier, several paths are plotted for different heights of individuals. These are shown on
the next page in Figure 22.

These plots are all centered about the same stationary hip joint. In actuality, as
the individuals’ heights differed from that of the 5 ft. 9 inch (175.3 cm) ideal path so
would the hip joint that the leg motion is being modeled around. A more accurate plot
of this data would shift the hip joint up or down vertically with respect to the original hip
joint. This would create a pattern that shows that a taller person as well a shorter person
has a foot trajectory that is offset to the original. To accommodate for this, and as
discussed above, an adjust mechanism, generally in the form of adjustment bars 88, 90
and support blocks 93, 95, for the foot engaging supports 16, 18 (or foot pedals) has
been implemented in accordance with the present invention. This adjustment
mechanism offers a wide range of adjustments just like that of the heights of people.
The pedal 50 connecting the foot to the exercise apparatus 10 is able to rotate freely
relative to the adjustment bar 88, 90 as shown in Figure 3.

While the preferred embodiments have been shown and described, it will be
understood that there is no intent to limit the invention by such disclosure, but rather, is
intended to cover all modifications and alternate constructions falling within the spirit

and scope of the invention.
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CLAIMS:
1. An exercise apparatus comprising:

a support frame upon which is mounted a track, the track substantially
conforming to a runner’s footpath while striding;

a first foot engaging support secured to the track for movement thereabout while
exercising; '

a resistance assembly secured to the first foot engaging support for applying

resistance as a user moves the first foot engaging support about the track.

2. The exercise apparatus according to claim 1, wherein the track is vertically
oriented.
3. The exercise apparatus accotding to claim 1, wherein the shape of the track is

approximately formed in accordance with the formulas x = L * cos(c) — M * cos(a —b)
and y = L *sin(c) — M *sin(a —b), where cis thigh angle relative to a horizontal at a
hip joint, ais knee angle, 4is 27 —c, L is femur length, and M is tibia length plus shoe
sole thickness.

4. The exercise apparatus according to claim 1, further including a first static foot

platform positioned adjacent a first side of the track.

5. The exercise apparatus according to claim 1, further including a second foot
engaging support.
6. The exercise apparatus according to claim 5, wherein the first foot engaging

support is on a first side of the track and the second foot engaging support is on a

second side of the track.

7. The exercise apparatus according to claim 6, further including a first static foot
platform positioned adjacent the first side of the track and a second foot platform

positioned adjacent the second side of the track.
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8. The exercise apparatus according to claim 1, wherein the resistance assembly is a

weight stack secuted to the first foot engaging support.

9. The exercise apparatus according to claim 8, wherein the resistance assembly
further includes an electromagnetic resistance assembly secured to the first foot engaging

support.

10. The exercise apparatus according to claim 1, wherein the resistance assembly is an

electromagnetic resistance assembly secured to the first foot engaging support via a belt.

11. The exetcise apparatus according to claim 1, wherein the resistance varies as the

first foot engaging support moves about the track.

12. An exercise apparatus comprising:

a support frame upon which is mounted a curvilinear track;

a slide including a curvilinear catriage riding upon the curvilinear track, a first
user engaging support coupled to the slide for movement about the curvilinear track;

a linear carriage riding upon a linear carriage rail supported by the support frame
and a resistance assembly coupled to the linear carriage; and

a slide bar linking the curvilinear carriage of the slide to the linear cartiage for
application of resistance as the first user engaging support is moved about the curvilinear

track.

13. The exercise apparatus according to claim 12, wherein the curvilinear track is

vertically oriented.

14. The exercise apparatus according to claim 12, wherein the first user engaging
support is a first foot engaging support. '

15. The exercise apparatus according to claim 12, further including a second user
engaging support coupled to the slide.
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16. The exercise apparatus according to claim 15, wherein the first user engaging
support is on a first side of the curvilinear track and the second user engaging support is

on a second side of the curvilinear track.

17. The exercise apparatus according to claim 12, wherein the shape of the
curvilinear track is approximately formed in accordance with the formulas
x=L*cos(c)— M *cos(a—b) and y = L*sin(c) — M *sin(a — b) , where cis thigh
angle relative to a horizontal at 2 hip joint, ais knee angle, bis 27 —c, L is femur length,

and M is tibia length plus shoe sole thickness.

18. The exercise apparatus according to claim 12, wherein the resistance assembly is

a weight stack secured to the linear carriage.

19. The exercise apparatus according to claim 18, wherein the resistance assembly

further includes an electromagnetic resistance assembly secured to the first user

engaging support.

20. The exercise apparatus according to claim 12, wherein the resistance assembly is an

electromagnetic resistance assembly secured to the first user engaging support via a belt.
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