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A. INTRODUCTION & BACKGROUND

Many different playing surfaces have been developed for many different sports over the years.  The physical properties of playing surfaces have a profound effect on the way sports are played both in terms of strategy and biomechanics.  For example, small changes in the height of the grass on the infield in baseball have large effects on how the batted ball moves along the ground and subsequently, the strategy of the game.  Surface properties could also potentially contribute to changes in gait patterns for athletes, which may affect performance.  Surface properties also probably affect the health of the athletes and the frequency of injury.  

There has been research done into the mechanics of human gait, particularly with an emphasis on running.  To build on that literature, this paper seeks to review the research related to running on a variety of surfaces with an eye towards understanding the gait modifications created as a result of changes in running surface.  Additionally, this paper seeks to review the literature relating to surface-related injuries in sports which primarily involve running, such as American football (hereafter called “football”) European football (hereafter called “soccer”) field hockey, and lacrosse.  Football and soccer in particular are incredibly popular sports with the general public and generate a truly incredible amount of money, so injuries related to running are of great economic import.  Lacrosse and field hockey have high levels of student-athlete participation at the collegiate level.  Many people and many more dollars are dedicated to keeping these athletes healthy and to optimizing their performance.

One particular injury which comes to mind quite readily when discussing surface-related injuries is “turf-toe.”  This paper also seeks to understand the biomechanical causation of “turf-toe” and relate it to surface types and properties.  Finally, this paper seeks to identify the issues which require more research related to this area of biomechanics and to propose further investigations which would lead to a more comprehensive understanding of the implications of surface-type changes for athletes.
B. PREVIOUS INVESTIGATIONS

1. Turf-Toe: a shoe-surface related football injury [3]
a. Goals of the Paper:  Relate incidence of “turf toe” to shoe stiffness and build on prior research into surface stiffness and “turf toe.”
b. Relationship to Topic:  Coins the term “turf toe.”  Presents the results of shoe stiffness studies and relates it to incidence of “turf toe.”
c. Major Conclusions: Mechanism is forced extension beyond physiologic limits, which sprains the plantar capsule-ligament complex.  X-Rays indicate no fractures.  Authors have only encountered this injury in players wearing soccer-style shoes on AstroTurf.  A relatively flexible shoe combined with a relatively hard surface predisposes the athlete to this injury.  Use of a firm-soled shoe on hard surfaces is recommended to reduce the incidence of this injury.
d. Major Shortcomings: Small sample size.  Conjecture as to effect of shoe-surface friction.  Some shoe flexibility testing results not statistically significant.
e. Next Steps in This Research:  Broaden the sample size.  Some results on shoe testing were not statistically significant.  Characterize the surface stiffness of old versus new AstroTurf.  Characterize the surface stiffness of other artificial surfaces.  Characterize the surface stiffness of natural grass.  Study the shoe-surface friction for various surfaces.  Does very short grass make an effectively harder surface?  Would very short grass cause “turf toe” as AstroTurf does?
2. Impact absorption, new and old AstroTurf at West Virginia University [1]
a. Goals of the Paper: To investigate the “hardness” of four different surfaces, well kept grass field, new AstroTurf, five year old AstroTurf, and asphalt, and to use the findings to limit the injuries on the aging West Virginia football field.
b. Relationship to Topic: Establishes the relationship between surface hardness and injuries as well as indentifies possible qualities of the surface needed to limit injury potential.
c. Major Conclusions: The grass field was the softest, followed by the new AstroTurf, then the old AstroTurf. Asphalt was the hardest. It was also determined that after repeated impacts, the ability of the AstroTurf to minimize the impact was diminished.
d. Major Shortcomings: The test was only conducted in the West Virginia climate. The article mentions that weather is a significant cause of increased hardness in the turf, but does not outline a process that is used to test the weather. Also, a shot put was used to measure impacts, which could have different effects that an athlete that is using the field.
e. Next Steps in this Research: To test to find out exactly what the effect of the weather is on the AstroTurf and also to figure out the life of the AstroTurf and how often it should be replaced.
3. Turf-toe: an analysis of metatarsophalangeal joint sprains in professional football players [9]
a. Goals of the Paper: Examine the contributing factors of turf-toe among playing surface, age, position and, flexibility. 
b. Relationship to Topic: Indentifies the known causes of turf-toe and possible ways to help eliminate those causes.
c. Major Conclusions: There is no significant difference in the data if a team has a home field of grass or of AstroTurf or if in the position that a player played. There was data that suggested that longer that a player was in the NFL, the more likely he was to get turf-toe. Ankle dorsiflexion was related to the occurrence turf-toe. Players that had more flexible ankles were more likely to suffer from turf-toe.
d. Major Shortcomings: Because of the small sample size, some of the findings, such as position, were statistically insignificant.
e. Next Steps in this Research: The article talks about a need for a way to initially diagnose and treat turf-toe immediately after the injury occurs in order to prevent further injury. 
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