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Introduction

Biomechanical factors are now becoming a greater area of concern among distance/endurance running athletes, where as for many years past physiological factors (i.e. anaerobic threshold, VO2MAX, overall muscle fiber type, and efficient use and training of energy pathways) have been viewed as the major determinants of what makes an athlete successful or not. Such biomechanical factors receiving a greater focus include: efficient running mechanics, tendon elasticity, and foot strike patterns. 

The purpose of this analysis was to record running mechanics of three individuals and compare the three to try to determine the best “technique” for distance running events. 

As a result of this analysis I am looking to answer such questions as: What constitutes good or bad running technique? Are biomechanical factors key to success among distance running? 

Background Information From Other Resources

Biomechanics of Distance Running

The author goes into great detail about the kinematics during level running at 3.83 meters/second and more specifically joint angles of the hip, thigh, knee, and ankle. The author distinguishes the method in which the measurements were taken to avoid confusion among other literature where angles may be measured from another location. 

According to (author) at foot strike the thigh has an inclination of near 25 degrees with respect to the vertical position. The knee is not fully extended during foot strike and has a slight amount of flexion, somewhere between 10 and 20 degrees depending on the runner’s mechanics. The ankle at foot strike is at approximately 90 degrees and only exhibits a slight amount (~5 degrees) of plantar flexion. 

After the support phase and during the swing (driving) phase the thigh angle changes about 45 degrees while knee flexion (about 86 degrees) is occurring at the same time. The knee then begins flexing rapidly to a maximum angle of about 110 degrees. The thigh then continues flexing for another 13 degrees after full knee flexion. The ankle exhibits 20 degrees of dorsiflexion as the center of gravity moves forward of the foot. As the driving phase ends the ankle typically plantar flexes to around 70 degrees.

Biomechanics of Sports Techniques

In the Biomechanics of Sports Techniques text the author examines many keys to running economy such as, stride length / Stride Frequency, phases of running, ground reaction force, arm action, trunk position, and joint actions. 

The author defines speed as the stride length multiplied by the stride frequency. He breaks down each stride into three categories takeoff distance, flight distance, and landing distance. Acting upon these three phases of flight are all things that govern flight of all projectiles, speed of release, angle of release, height of release, and air resistance while in flight.

The author breaks the running cycle into three phases. The supporting phase, driving phase, and recovery (airborne) phase. The support phase slows the downward motion of the athlete, while the driving phase thrust downward and backward against the ground to propel the body forward, and the airborne phases main responsibility is to prepare the body for the next impact with the ground.

While running the arms swing in opposition of the legs. This is done to counter the rotation of the hips and legs and stabilize the athlete in a forward motion. The main actions of the arms other than above are to make a small contribution to lift.

The author makes an important point about the trunk position. He claims that the trunk is a large determinant to the athlete’s vertical and horizontal force that can be exerted. This has to do with the center of gravity of the athlete with or without the presence of trunk inclination.

Joint actions during sprinting are more vigorous while long distance running generally incorporates less range of motion. This means slightly lesser angles while running longer distances when compared to shorter sprint events.

Biomechanics of Sport and Exercise
This resource spends a lot of time covering the joint actions involved in running. It analyzes the running sequence in a frame-by-frame analysis. It also spends some time discussing the active muscle groups and muscle contractions throughout each of the frames.

This resource also provides an example qualitative analysis of a sprinting stride frame-by-frame with joint motions, muscle contractions, and active muscle groups of the following joints: the hip, knee, ankle, and shoulder.

Concurrent Endurance and Explosive Type Strength Training Improves Neuromuscular and Anaerobic Characteristics in Young Distance Runners

In this study the researchers looked at how an endurance and explosive type strength training interacted among young distance runners. The study was conducted with eighteen males and seven females between the ages of 16-18 years old. The researchers wanted to examine the effect of explosive type strength training combined with endurance training on neuromuscular and anaerobic characteristics among the test subjects.

The subjects were split up into several groups. The test group had 19% of their endurance training replaced with explosive type training consisting of general and sport specific exercises. The rest of the training was traditional endurance type training.

The study showed that replacing 20% of endurance training with explosive training increased anaerobic and neuromuscular characteristics without decreasing endurance capabilities. However, the training did not lead to improved endurance performance.

Factors Related to Top Running Speed and Economy


Running economy is strongly related to distance running performance. Running economy is affected by the net vertical impulse of the ground reaction force, stride length, change in speed during ground contact phase, and vertical stiffness of a leg spring. Stride length is responsible for most of an individual’s maximum speed and after that only stride rate will increase speed.

Successful endurance runners demonstrate less vertical oscillation, longer strides, shorter ground contact time, and less change in speed during ground contact according to the researchers. The main objective of this study was to investigate the factors of running stride.

The study tested twenty-five young male endurance athletes. A series of incremental tests were administered to investigate the relationships between force production, running economy, and running speed in endurance athletes.

The study found that ground reaction forces were related to running speed but not to running economy. It also determined that ground contact times differ between a rear foot and midfoot strikers. There are many complexities when it comes to running economy and no single biomechanical factor can fully explain the differences between individual runners.


The results of the study suggest that running speed and economy were more dependent on horizontal force than vertical force. It was also determined that ground contact times were the sole significant factor to running economy and running speed.

Foot Strike Patterns of Runners at the 15-KM Point During an Elite-Level Half Marathon

This study investigated actual foot strike patterns and characteristics during a half marathon with Olympic athletes. The researchers set up cameras to catch the athlete’s foot strikes in motion on a flat surface in a point that the runners would be spread out.

Foot strikes were categorized into three categories: rear foot strike, midfoot strike, and forefoot strikes. Contact time was also measured and calculated from the filming rate. Over the course of the race two hundred and eighty three runners were able to be distinguished.

The study found that ground contact time tended to be shorter among midfoot and forefoot strikers and that rear foot striking is not always the best technique for running as demonstrated with high level athletes. The researchers determined that the faster runners tended to adopt a midfoot strike pattern when they run.

The results gathered by the researchers supported the fact that shorter contact times were observed more often in midfoot and forefoot strikers. Shorter contact time with inversion at the foot may be beneficial to the use of elastic energy.

Methods

After reviewing the literature I broke the movement (running) into three phases with clearly defined beginning and ending points for each phase. Upon identifying each phase I constructed a critical feature checklist by viewing images of an individual running. This checklist was generated as a tool to assist in determining an individual’s mechanics and for noting overall performance of the skill. Each element listed in the checklist was subdivided into the three phases I identified (supporting, driving, and airborne). Furthermore each subdivided element had a rating scale present to determine the effectiveness of the performer. The scale provided was from one to five, with five being the highest. (See Table 1.1) 

Upon determining the phases of running I performed an anatomical analysis of the following joints throughout each phase of running:

· Head/Neck

· Trunk

· Scapula

· Shoulder

· Elbow

· Radiolulnar

· Wrist

· Hip

· Knee

· Ankle

I then presented the analysis of each of the above joints in spreadsheet form with the following headings (See Table 1.2):

· Phase

· Joint

· Action

· Active Muscles

· Contraction Type

After completion of the anatomical analysis I began conducting a velocity acceleration profile. This analysis was recorded on the Western Oregon University track in the afternoon of Tuesday, February 19th, 2008. A camera (Cannon ZR830 miniDV Digital Camcorder) was placed at the 50-meter mark to allow the subjects ample time to settle in to the predetermined pace of about 4.25 meters/second before being filmed. Images were captured from four different angles (perpendicular, frontal, 45o from front, and 45o from the rear) to provide many different views of each performance. Each camera angle recorded two performances from each of the three subjects tested. 

I sectioned off the performance distance of 100 meters, into four equal subsections of 25 meters. After warming up the subjects I began the activity in which the individuals ran at a predetermined pace of about 4.25 meters/second. As the individuals passed each subsection I recorded their split times. I then calculated each individuals average section velocity and acceleration through each subsection using the split times gathered. Once all data had been collected I then presented the data in graph form. (See chart 1.3, and 1.4)

The performers in this footage are Chris Liebes, Josh Trenkel, and Michael Maeda. Chris Liebes is 6’1” tall and weighs 195 lbs. Josh Trenkel is 6’5” tall and weighs 224 lbs. Michael Maeda is 5’10” tall and weighs 164 lbs. All three individuals are full time college students, aged 21 years, attending Western Oregon University.

The performers were instructed to run a designated pace (4.25 m/s) or close to that pace. They were also instructed not to change their mechanics in any way while passing in front of the camera. They were given feedback at 25-meter intervals along the 100-meter course as to pace.
The software used to create the DVD was Apple’s iDVD and the software used for analysis was Apple’s DVD player.

Using the same footage gathered for the velocity / acceleration profile I conducted the phase timing analysis. For this analysis I used the playback frame rate (30 frames per second) as a reference for time to determine the time it took to complete each phase among the three individuals. The data collected was organized into graph form. (See table 1.5, and chart 1.6) 


For the kinematic analysis I used the same footage and software listed above. I began by determining phase transition points from the footage. Once the phase transition points had been identified I covered the computer screen with a blank sheet of paper and marked several key points (head location, trunk position, left shoulder, left elbow, left wrist, hip location, left/right knee location, left/right foot location, left/right ankle location). After these points were clearly marked I connected the dots together to provide a stick figure representation of each phase of movement of the three individuals filmed.


Once my stick figures were complete I then measured the following joint angles:

· Trunk inclination; with respect to vertical

· Hip; extension/flexion with respect to vertical

· Knee; extension/flexion with respect to a fully extended leg

· Ankle/Foot; dorsiflexion/plantar flexion with respect fully straightened leg while standing.

These angles of the three individuals were then depicted in table format for further analysis. (See chart 1.7)

Results

Table 1.1

Phase Description & Key Element Checklist
	Phase Description

	Name of phase:
	Beginning and end points of each phase:

	Supporting Phase
	Begins when the foot first touches the ground and ends as the athlete’s center of gravity passes forward of the foot.

	Driving Phase
	Begins as the supporting phase ends and ends as the foot leaves contact with the ground.

	Airborne Phase
	Begins as the driving phase ends and ends as the supporting phase begins. Body is not in contact with the ground during this phase.


Key Element Checklist:

	Phase
	Desired Technique
	Rating (1-5, five being the highest)

	Supporting
	Minimal movement of foot traveling forward upon contact
	1   2   3   4   5

	
	Minimal reduction of forward momentum with foot contact
	1   2   3   4   5

	
	Placement of the foot as close to the individuals center of gravity as possible
	1   2   3   4   5

	
	Limit the amount of continued downward motion
	1   2   3   4   5

	
	Limit amount of “pawing” the running surface as it may increase injury (Particularly the hamstring muscle group)
	1   2   3   4   5

	Driving
	Extension of the hip, knee, and ankle joints
	1   2   3   4   5

	
	Extension of the hip and knee joints
	1   2   3   4   5

	
	Limited amount of time in contact with the ground
	1   2   3   4   5

	
	Small amount of trunk inclination
	1   2   3   4   5

	
	Smaller degree of arm rotation than seen in sprinting
	1   2   3   4   5

	
	Shoulders rotating in opposition of the hips
	1   2   3   4   5

	
	Optimal degree of pelvic and shoulder rotation
	1   2   3   4   5

	Airborne
	Foot lifted to a position close to the buttocks but to less of an extent than sprinting
	1   2   3   4   5

	
	After thigh has reached or surpassed a near horizontal position swing leg forward
	1   2   3   4   5

	
	High knee lift as the free swinging leg is brought forward of the body
	1   2   3   4   5

	
	Arms rotate smoothly to provide a small amount of lift and counter hip/leg rotation 
	1   2   3   4   5


Major Joint Contributions of Each Phase:

1. Supporting phase; this phase primarily stops the downward motion and positions the body for the upcoming driving phase. During this phase the hip, knee, and ankle joints flex to cushion the impact with the ground and cease downward motion.

2. Driving phase; this phase is primarily responsible for increasing momentum of the body by thrusting downward and backward against the ground. This trust is a result of extension of the hip, knee, and ankle joints, which results in forward motion of the body. 

3. Airborne phase; The primary responsibility of this phase is to bring the leg from behind the body to in front of the body in an ideal position for contact with the ground and the beginning of the supporting phase. This occurs by flexing the hip, extending the knee, and depending on the individual dorsiflexing or platarflexing the ankle for contact with the ground.

Table 1.2

Comprehensive Anatomical Analysis

Velocity Maintenance Phase

	Phase
	Joint
	Action
	Active Muscles
	Contraction Type

	Supporting
	Head / Neck
	Stabilization
	All
	Isometric

	
	Left Scapula
	Depression 
	Pectoralis Minor

Trapezius
	Concentric

	
	
	Downward Rotation
	Rhomboids

Pectoralis Minor
	Concentric

	
	
	Abduction
	Pectoralis Minor

Serratus Anterior
	Concentric

	
	Left Shoulder
	Flexion
	Pectoralis Major

Deltoid
	Concentric

	
	Left Elbow / Radiolulnar
	Stabilization
	Biceps Brachii

Brachialis

Brachioradialis

Pronator Teres

Pronator Quadratus

Triceps Brachii

Supinator

Anconeus
	Isometric

	
	Left Wrist
	Stabilization
	All
	Isometric

	
	Trunk
	Stabilization
	Erector Spinae

Rectus Abdominis

External Oblique

Internal Oblique

Transversus Abdominis

Quadratus Lumborum
	Isometric

	
	Left Hip
	Flexion
	Gluteus Maximus

Semitendinosus

Semimembranosus

Biceps Femoris

Adductor Magnus
	Eccentric

	
	
	Extension
	Gluteus Maximus

Semitendinosus

Semimembranosus

Biceps Femoris

Adductor Magnus
	Concentric

	
	Left Knee
	Flexion
	Biceps Femoris

Popliteus

Semimembranosus

Semitendinosus
	Eccentric

	
	
	Extension
	Rectus Femoris

Vastus Intermedius

Vastus Lateralis

Vastus Medialis
	Concentric

	
	
	Flexion
	Biceps Femoris

Popliteus

Semimembranosus

Semitendinosus
	Concentric

	
	Left Ankle
	Plantar Flexion
	Tibialis Anterior
	Eccentric

	
	
	Inversion
	Peroneus Longus

Peroneus Brevis
	Eccentric

	
	
	Eversion
	Tibialis Posterior

Tibialis Anterior
	Eccentric

	
	
	Dorsiflexion
	Tibialis Anterior
	Concentric

	Driving
	Head / Neck
	Stabilization
	All
	Isometric

	
	Left Scapula
	Elevation 
	Trapezius

Rhomboids

Levator Scapulae
	Concentric

	
	
	
	Pectoralis Minor

Trapezius
	Eccentric

	
	
	Upward Rotation
	Serratus Anterior

Trapezius
	Concentric

	
	
	
	Pectoralis Minor

Rhomboids
	Eccentric

	
	
	Abduction
	Pectoralis Minor

Serratus Anterior
	Concentric

	
	
	
	Trapezius

Rhomboids
	Eccentric

	
	Left Shoulder
	Flexion
	Pectoralis Major

Deltoid
	Concentric

	
	
	
	Pectoralis Major

Latissimus Dorsi

Teres Major
	Eccentric

	
	Left Elbow / Radiolulnar
	Stabilization
	Biceps Brachii

Brachialis

Brachioradialis

Pronator Teres

Pronator Quadratus

Triceps Brachii

Supinator

Anconeus
	Isometric

	
	Left Wrist
	Stabilization
	All
	Isometric

	
	Trunk
	Stabilization
	Erector Spinae

Rectus Abdominis

External Oblique

Internal Oblique

Transversus Abdominis

Quadratus Lumborum
	Isometric

	
	Left Hip
	Extension
	Gluteus Maximus

Semitendinosus

Semimembranosus

Biceps Femoris

Adductor Magnus
	Concentric

	
	Left Knee
	Extension
	Rectus Femoris

Vastus Intermedius

Vastus Lateralis

Vastus Medialis
	Concentric

	
	Left Ankle
	Plantar Flexion
	Gastrocnemius

Soleus

Tibialis Posterior
Peroneus Longus

Peroneus Brevis
	Concentric

	
	Interphalangeal
	Extension
	Flexor Digitorum Longus

Flexor Hallucis Longus
	Eccentric

	
	
	Flexion
	Flexor Digitorum Longus

Flexor Hallucis Longus
	Concentric

	Recovery
	Head / Neck
	Stabilization
	All
	Isometric

	
	Left Scapula
	Depression
	Pectoralis Minor

Trapezius
	Concentric

	
	
	
	Trapezius

Rhomboids

Levator Scapulae
	Eccentric

	
	
	Downward Rotation
	Pectoralis Minor

Rhomboids
	Concentric

	
	
	
	Serratus Anterior

Trapezius
	Eccentric

	
	
	Adduction
	Trapezius

Rhomboids
	Concentric

	
	
	
	Pectoralis Minor

Serratus Anterior
	Eccentric

	
	Left Shoulder
	Extension
	Pectoralis Major

Latissimus Dorsi

Teres Major
	Concentric

	
	
	
	Pectoralis Major

Deltoid
	Eccentric

	
	Left Elbow / Radiolulnar
	Extension
	Triceps Brachii

Anconeus
	Concentric

	
	
	
	Biceps Brachii

Brachialis

Brachioradialis

Pronator Teres
	Eccentric

	
	
	Flexion
	Biceps Brachii

Brachialis

Brachioradialis

Pronator Teres
	Concentric

	
	Left Wrist
	Stabilization
	All
	Isometric

	
	Trunk
	Stabilization
	Erector Spinae

Rectus Abdominis

External Oblique

Internal Oblique

Transversus Abdominis

Quadratus Lumborum
	Isometric

	
	Left Hip
	Extension
	Iliopsoas

Sartorius

Rectus Femoris

Tensor Fasciae Latae

Gluteus Minimus

Adductor Brevis

Adductor Longus

Pectineus

Gracilis
	Eccentric

	
	
	Flexion
	Iliopsoas

Sartorius

Rectus Femoris

Tensor Fasciae Latae

Gluteus Minimus

Adductor Brevis

Adductor Longus

Pectineus

Gracilis
	Concentric

	
	Left Knee
	Flexion
	Rectus Femoris

Vastus Intermedius

Vastus Lateralis

Vastus Medialis
	Eccentric

	
	
	Extension
	Rectus Femoris

Vastus Intermedius

Vastus Lateralis

Vastus Medialis
	Concentric

	
	
	
	Biceps Femoris

Popliteus

Semimembranosus

Semitendinosus
	Eccentric

	
	Left Ankle
	Stabilization
	Gastrocnemius

Soleus

Tibialis Posterior

Tibialis Anterior
Peroneus Longus

Peroneus Brevis
	Isometric

	
	
	Dorsiflexion
	Tibialis Anterior
	Concentric
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[image: image3..pict]Chart 1.3- Demonstrates the change in velocity among the 4 subsections.

Chart 1.4
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Chart 1.4- Demonstrates the change in acceleration through each subsection.

Table 1.5

	Subject
	Phase
	Time (in seconds)

	Chris Liebes
	Supporting
	.134

	
	Driving
	.134

	
	Airborne
	.134

	
	
	

	Josh Trenkel
	Supporting
	.167

	
	Driving
	.134

	
	Airborne
	.167

	
	
	

	Michael Maeda
	Supporting
	.100

	
	Driving
	.100

	
	Airborne
	.167


Table 1.5- Depicts the time of each phase.
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Chart 1.6- Chart form of Table 1.5 above.
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Chart 1.8- Kinematic analysis of running w/ joint angles

Discussion
Discussion of Biomechanical Principles

Maintaining optimal horizontal velocity during the velocity maintenance phase is key to distance running. Horizontal velocity can be defined as the function between average horizontal velocity and the distance of the race. Obviously a faster runner will have a faster average of horizontal velocity throughout the entire race. Horizontal displacement during the support phase and airborne phase are also of importance to velocity maintenance. The further the displacement between the two phases will equal too quicker running. 

When running horizontal velocity is always greater in flight than it is on the ground. This is because of the braking force caused by friction from the athlete’s foot hitting the running surface. In order to maintain the velocity from the last cycle the athlete must overcome that braking force with greater propulsion to propel the body forward. 

As stated above the increase in distance covered in both the support and airborne phases will increase the speed of running. So logically it seems that the greater the distance traveled while running would increase performance. However, one must realize that this also increases the braking force and thus increases the time in the support phase (which is the slower one).


Another principle of running is the flight phase itself. The flight of the body, just like all other projectiles are influenced by, the speed, angle, height of release, and the drag resistance of air while in flight. Above all the biggest factor to flight distance is the drag resistance. The body while moving creates it’s own wind resistance, that is wind acting in opposition to the athlete’s movement, while also being amplified by any head/tail wind. This can create a tremendous disadvantage while running. 


The body’s sheer surface area while running (in a near upright position when running long distance) surely doesn’t help the athlete to overcome this drag resistance. So how does an athlete overcome this hurdle? The answer is pretty simple and can easily be observed by watching runners on a windy day. The athlete will increase the inclination of the trunk to reduce the amount of flat surface area exposed to the wind to become a more aerodynamic individual.


If an athlete is sprinting into a head wind the resistance the athlete must overcome is equal to his/her speed and the speed of the headwind. If sprinting with a tailwind the athlete has less resistance to overcome because the speed of the tailwind will negate some if not all of the airflow created by the sprinter.


Another principle to increase the horizontal and vertical displacement of an athlete while running is lift. Though small the arms contrary acting movement to the hip rotation will make about a 10% contribution to the athletes lift. This contribution to lift decreases as speed increases but for distance runners this can be a very meaningful contribution to running speed.


Two of the big factors affecting running performance are 1) stride length and 2) stride frequency. Together these affect the speed of the athlete. Each has an inverse relationship to the other. An increase in stride length will decrease stride frequency and an increase in stride frequency will decrease stride length. 

The length of the athlete’s legs and the forward thrust generated by the legs determine an athlete’s stride length. Stride frequency is the amount of steps the athlete takes to complete the given distance. Each athlete must find the optimal stride length and distance that meet their running mechanics.

When an athlete strikes the ground he/she will encounter a ground reaction force. This is Newton’s 3rd law, the ground reaction force is equal to and opposite in direction to the force that the body exerts on the supporting surface through the foot. 

Because the Earth exhibits gravity, we are constantly in contact with the ground and because of this there are interactions between the body and the ground. This Ground Reaction Force, along with the weight of the individual, is an important force in distance running because it helps to provide propulsion in the both horizontal and vertical planes.

The ground reaction force can reach up to two to three times the body weight of the athlete and are represented in two peaks (impact and propulsion). The impact peak occurs upon foot contact with the running surface and propulsion peak occurs upon a downward and backward thrust of the hip, knee, and ankle joints. The factors affecting this force include foot strike pattern, running speed, footwear, ground surface, and inclination of the ground.
This force is important for runners because minimizing the impact peak and maximizing the propulsion peak directly increases running speed.


When running one seldom thinks about how necessary balance is to running performance. So how is it that balance is maintained even throughout large joint motions away from the line of gravity? The answer is that as living beings we can shift of center of gravity to provide support necessary to maintaining balance. 

This can be seen when running. As we run we go from a stable position to an unstable position and back to stable position. When your leg moves forward and away from your body it causes the line of gravity to shift outside of your base of support. Then as your foot comes back in contact with the ground your base of support shifts back to a center line of gravity and thus a stable base of support.

Another aspect of balance in running is when running around a corner or a curve you lean inward toward the curve or corner. This is known as dynamic balance. Because running produces forward movement an athlete must manipulate the body to move in a circular pattern. This is accomplished by leaning in to the turn, which causes the line of gravity to shift outside of the athlete’s base and equalize the forces acting in opposition to the turn.

Discussion of Data Collected

Upon review of the footage it was determined that two of the subjects were rear foot strikes (Chris Liebes, and Josh Trenkel), while one of the subjects was a mid-foot striker (Michael Maeda). All three performers varied significantly with phase timings (supporting, driving, and airborne). Chris Liebes maintained the same time throughout all three phases. Josh Trenkel had the longest supporting phase with a slightly shorter driving phase. His airborne phase was tied for the longest with Michael Maeda’s. Michael Maeda have relatively short supporting and driving phases with a longer airborne phase. 

From the footage it is hard to determine who has the better running mechanics. However, one thing of interest was the correlation between phase timing and foot strike patterns. Research has shown that shorter periods in contact with the ground coupled with longer airborne phases increases speed. Research has also suggested that mid-foot and front foot strikers spend less time on the ground and more time in the air, when compared to rear foot strikers, who tend to spend more time in the supporting and driving phases. This appeared to be confirmed in the performances recorded in this analysis. 

During the activity the participants varied in acceleration and timing in each subsection. A straight linear relationship was not noted between acceleration and phase timing subsections. However, the participants remained at closer to a constant speed with the exception of slight increases and decreases. This result could be due to the fact that each cycle (supporting, driving, airborne, supporting…) has some variability among performances and a like performance every time is not likely to occur again and again.

Pacing is an issue with many distance athletes. It is tough to determine and stick to a specific pace, and even more challenging to run at a sub-maximal pace that is not set by the individual performing such as that which was used throughout this testing. The variables among performances are not significant over the course of long distance running. 

It is my opinion that the differences in performances are due to a lack of training at the specific speed measured (4.25 meters/second) during the subject’s perform-ances and performance variability. In a maximal test (i.e. Sprinting 100 meters or more) the results may become more applicable at identifying areas where conditioning or training can benefit the performer. 

Upon observation and evaluation of the three in-dividual performances it was determined that no single biomechanical factor provided the answer to good running mechanics, but rather a complex set of factors seemed to influence overall running mechanics. 

Running is a complex set of variables and it is therefore tough to determine one set of characteristics that apply to every individual for the most efficient distance running “technique”. A great deal of individuality appears in running mechanics.

Among the data collected short ground contact time coupled with longer airborne times appeared to be the best determination of good running technique. This appeared to be present more so in first contact made with the midfoot rather than with the heel.  

Areas of weakness in this analysis include the sample size, varying degrees of skill level, and the restricted speed at which performers were required to run. The sample size (just three individuals) needs to be larger to attain more meaningful data. The varying degrees of skill level coupled with the set pace at which individuals were required to run may have led to misrepresentations of actual biomechanics while distance running.

Suggestions would include increasing the sample size, maintain a similar skill level for analysis, and let the performers run at a comfortable pace similar to their distance pace after warming up.

Good running technique seems to be difficult to define due to the uniqueness of individual performances. Poor technique is easier to define and could be described as running technique that is far outside of the norms of the traditional ideal “technique”. Biomechanical factors are keys to success among distance running but vary widely among performers. If applied correctly such factors will lead to increased performance of individuals.
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