[image: image1.png]



UNITED STATES
MILITARY ACADEMY
WEST POINT, NEW YORK
Sabermetrics- Analysis of Pitch Count:
The correlation between injury, salary, and decreasing trend in pitch count.

by

Kyle Snook
May 2008

Thesis Advisor:  
Father Gabriel Costa
HONORS THESIS

THIS PAGE INTENTIONALLY LEFT BLANK

	PRIVATE 
PRIVATE 

REPORT DOCUMENTATION PAGE
	Form Approved OMB No. 0704-0188

	Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instruction, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188) Washington DC 20503.

	1. AGENCY USE ONLY (Leave blank)

	2. REPORT DATE  

May/2008
	3. REPORT TYPE AND DATES COVERED
 Senior Thesis (Honors)

	4. TITLE AND SUBTITLE  Sabermetrics- Analysis of Pitch Count
	5. FUNDING NUMBERS



	6. AUTHOR(S)  Kyle Snook
	

	7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

United States Military Academy
West Point, NY  10996-1786
	8. PERFORMING ORGANIZATION REPORT NUMBER    

	9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES)

N/A
	10. SPONSORING/MONITORING

    AGENCY REPORT NUMBER

	11. SUPPLEMENTARY NOTES  The views expressed in this thesis are those of the author and do not reflect the official policy or position of the Department of Defense or the U.S. Government.

	12a. DISTRIBUTION / AVAILABILITY STATEMENT  

Distribution is not limited
	12b. DISTRIBUTION CODE


	13. ABSTRACT (maximum 200 words) 

 The Major League Baseball Association has been the professional organization for baseball since 1903.  Over the past 100 years the game has significantly changed.  Players in the modern era are bigger, stronger and faster.  Players like Barry Bonds and Mark McGwire shattered previously long standing home run records. While an increase trend in statistics has occurred in most aspects of the game (ie. HR, RBI, ect.), one position has had a decreasing statistical trend: pitching. Pitching still remains one of the true arts of the game.  While it is undeniable that pitchers are bigger and stronger today than pitchers of the 1920s, there still remains the need to master skills in control and pitch selection.  Pitchers today tend to throw a significantly lower number of pitches than in the past. The current norm is for teams to only allow a starting pitcher to throw 100 pitches before replacing him with someone from the bullpen.  Back in the 1920s pitchers were known to throw well over 125 pitches and to pitch back to back days.  Through the use of sabermetrics we present an in depth analysis of this transition in pitching.  We relate this transition to injury correlations as well as an increase in average salary for starting pitchers in Major League Baseball.



	14. SUBJECT TERMS  

Sabermetrics, Average Salary, Injury Statistics, Pitch Count
	15. NUMBER OF PAGES 

32

	
	16. PRICE CODE

	17. SECURITY CLASSIFICATION OF REPORT
Unclassified
	18. SECURITY CLASSIFICATION OF THIS PAGE

Unclassified
	19. SECURITY CLASSIFICATION OF ABSTRACT

Unclassified
	20. LIMITATION OF ABSTRACT

UL


NSN 7540-01-280-5500
Standard Form 298 (Rev. 2-89) 


Prescribed by ANSI Std. 239-18
THIS PAGE INTENTIONALLY LEFT BLANK

Sabermetrics- Analysis of Pitch Count:

The correlation between injury, salary, and a decreasing trend in pitch count. 
Kyle S. Snook
Cadet LT, Infantry
B.S., United States Military Academy, 2008
Submitted in partial fulfillment of the

requirements for the degree of

BACHELOR OF SCIENCE
In OPERATIONS RESEARCH
with Honors
from the

UNITED STATES MILITARY ACADEMY
May 2008
Author:

Kyle S. Snook
Approved by:

Father Gabriel Costa
Thesis Advisor

Colonel Michael Phillips
Chairman, Department of Mathematical Sciences
THIS PAGE INTENTIONALLY LEFT BLANK

ABSTRACT

The Major League Baseball Association has been the professional organization for baseball since 1903.  Over the past 100 years the game has significantly changed.  Players in the modern era are bigger, stronger and faster.  Players like Barry Bonds and Mark McGwire have been shattered home run record.  While the controversy continues on whether these two players used performance enhancing drugs, one can not deny the sheer power they have shown.  Baseball franchises have transformed their stadiums from small facilities seating 10 to 20 thousand fans in bleacher seating to monumental structures that define an entire city and seat more then 50 thousand spectators. While transitions have occurred in most aspects of the game, one position has had little to no change: pitching.


Pitching still remains one of the true arts of the game.  While it is undeniable that pitchers are bigger and stronger today than pitchers of the 1920s, there still remains the need to master skills in control and pitch selection.  The initial hypothesis of this report is that pitchers today tend to throw a significantly lower amount of pitches than in the past. While there are several different types of pitchers ranging from middle relief to closer, this report focuses on starting pitchers specifically. They have a regimented schedule for the amount of rest they must have prior to pitching again.  Often in the major leagues the magic number of 100 pitches comes into play.  The current norm is for teams to only allow a starting pitcher to throw 100 pitches before replacing him with someone from the bullpen.  Stats in this report will show that back in the 1920s pitchers were known to throw well over 125 pitches and to pitch back to back days.  

Through the use of sabermetrics I present an in depth analysis of this transition in pitching.  Initially I will attempt to prove that pitch count amongst starting pitchers has significantly decreased over the past sixty years.  I will attempt to correlate that to injury data, with a hypothesis that decreased pitch count has led to a decrease in injury frequency.
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EXECUTIVE SUMMARY


Major League Baseball has existed for over 100 years and has seen its share of changes around the league; homerun records shattered, both single season and career, and slugging percentages higher than ever.  In particular, much has happened with Major League Baseball in the last fifteen years. Baseball journalists and sports writers have referred to this as the “Steroid Era” of Major League Baseball.  One significant change to Major League Baseball resulted from the introduction of guaranteed contracts in 1993.  Previously teams contracted players based on performance and released players at their own discretion, however in 1993 the Players Association bargained for guaranteed contracts for all players.
  This contract overhaul caused franchises to consider durability of players when assessing their value.  Managers were fearful of signing large guaranteed contracts only to have the player sustain an injury early into a multi-year contract.  Concern about losing players, and money, to injury prompted the initial analysis of injuries amongst players in Major League Baseball. 

The position in baseball proven to be the most susceptible to injury is pitching.  Once mangers realized this, they turned their efforts into protecting their pitchers in order to preserve each pitcher’s ability and effectiveness over several years.  The concern about pitching injuries prompted the establishment of a piece of data now known as “pitch count.”  Every time a pitcher throws a pitch during a game it is recorded and added to a sum total for the game.  The monitoring of pitch count became an institutional trend after the adoption of guaranteed contracts.   Currently, teams begin to consider taking a pitcher out of the game once they near 100 pitches.  Scoreboards now display to fans the pitch count of each team’s pitcher as the game progresses. 

It appears that guaranteed contracts caused managers and owners to fear debilitating and costly injuries.  Certainly, the laws of probability support the notion that the more you pitch, the greater the chance you have of getting injured.  This notion is simply based on the number of pitches being thrown and the average frequency of injury.  In considering injury risks based on more than just average frequencies, should teams take into account fatigue (eg. pitch count, days of rest) and conditions (eg. weather, heat, cold) and stress (eg. playoff game, World Series)?  And, if so, the essential question at hand is: Is there some statistical data to back up that body deterioration – and increased chance of injury - from any of the above factors occurs somewhere around that 100 pitch mark?  The answers to these questions are particularly important to General Managers in baseball, bent on trying to optimize utilization of pitchers while minimizing injuries.  A finding that pitchers could pitch more innings without increased risk of injury would significantly change the game.  As of right now the entire league is stuck in an institutional rut.  Every team monitors their pitchers and relieves them at around the 100 pitch count mark.  Breaking this trend would require significant and compelling statistical data.


In this report the pitch count trend is analyzed in a qualitative and quantitative sense using both medical expertise of the body and statistical data on injuries.  The overall conclusion is that the human arm does deteriorate as a pitcher throws more and more pitches.  The risk of injury is directly related to the amount of pitches that a pitcher throws due to the physiological nature of the body.  The 100 pitch mark is difficult to analyze given the data.  The data supports the idea that this is an institutional trend.  There are other factors that may affect a pitchers ability to throw a baseball.  Follow on reports should look at the release point of a pitcher; three quarters, over the head, side arm, or sub side arm.  An additional report may want to look at the pitch type and the affect that has on a pitchers arm.
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I.
INTRODUCTION


This paper will specifically deal with a the growing practice in Major League Baseball of counting pitches and thus limiting pitchers’ outings once they reach a certain pitch count. The essential question at hand is: Is there some scientific or statistical data to back up that body deterioration – and increased chance of injury – of pitchers occurs somewhere around the 100 pitch mark? Generally, has the practice of decreasing pitch count directly correlated with decreasing injuries to pitchers in Major League Baseball?  


When students envision the typical mathematics class they think of calculus, trigonometry, and conventional statistical studies.  However, a rather unconventional field exists that applies conventional mathematics to its statistical analysis.  This field is known as Sabermetrics.  Bill James, a leading author in the field of sabermetrics, defined the term as, “the search for objective knowledge about baseball.”
  Within the sport of baseball sports journalists make observations and suggestions based on their own personal experience with playing, coaching, or watching the game.  While their observations may be accurate based on experience, the majority of the time it is defended by substantial evidence.  Sabermetrics applies conventional statistical analysis techniques to quantitatively objectify performance measures within the sport.  Examples of areas that this field attempts to quantify are: batting ability, pitching effectiveness, and team efficiency.  

Major League Baseball currently keeps track of ten or more categories of statistics involving a batter.  These statistics range from batting average to slugging percentage to home-runs hit.  None of these categories individually can fully describe a batters ability to hit the ball or be an effective hitter.  This is where sabermetrics enters the picture.  It is important to understand that sabermetrics is not a specific analysis tool but a study focused on utilizing pre-defined statistical techniques in a manner to produce quantitative results.  In many cases, it uses even the simplest forms of statistical analysis such as averaging, standard deviation, and min or max.  The true beauty of a quality sabermatrician is the ability to realize which simplistic statistical analysis tool to use in order to quantify performance.  This requires an expert knowledge in the manipulation of statistical tools and the ability to apply them to the game.

As a sabermatrician, your goal should be to provide unbiased statistical data to prove to a stakeholder or client the level of performance of a team, player, or manager.  One of the key positions in baseball is the pitcher.  This player controls many aspects of the game.  He determines the pace of play, the other teams ability to hit the ball and ultimately if a team wins or loses.  This year in particular there was an increasing trend in the ability of pitchers.  About one third of the way through the season the league was on pace to have over a dozen pitchers with twenty or more wins and 200 or more strikeouts.
  This level of performance is phenomenal compared to the stats of the years prior. This is interesting since baseball has essentially been experiencing its stock market boom in batting percentage and hitter ability. The all-time home-runs record set by Roger Maris was broken twice in the past two decades.  Initially it was broken by Mark McGwire and then Barry Bonds broke it a few years later.  Joe Sheehan, a sports columnist for the New York Times, writes in an article titled “Why 100 pitches don’t go as far as they used to?”, “The top six single-season home run totals were posted between 1998 and 2001.”
 Sheehan goes on to say, "Seven of the games twenty 500 home-run hitters started playing after 1969.”
 Therefore, the increasing trend of quality pitchers this year has increased the value of pitchers across the league.  Teams have placed a much larger emphasis on pitcher rotation and the acquisition of quality starting pitching.  

This introduces a growing phenomena within the baseball world.  Over the past twenty years teams have begun to analyze pitch counts of starting pitchers as well as relievers.  Pitch count is the total amount of pitches that a pitcher throws in one single outing.  Teams have gone as far as to record the type (ranging from fastball, curveball, slider, change up, knuckleball) and speed of every pitch.  This type of data collection allows sabermatricians to analyze several different aspects of pitching performance.  This data is also crucial to scouts for MLB teams.  Each team looks at the data and produces a scouting report for its batters.  This scouting report breaks down the percentage of times that the pitcher pitches a certain type of pitch.  Some teams get extremely in depth with this analyzing the type of pitch most pitched in certain situations (eg. What pitch on average does he pitch if there is a runner on base?)  If you look at appendix A, you can see the in-depth breakdown of a pitchers scouting report. This scouting report was created to analyze Paul Byrd’s ability to pitch against the Yankee’s.  It has several statistical insights, such as Derek Jeter’s lifetime batting average against Byrd, as well as average pitch speeds and pitch frequency.  All scouting information provides the pitcher and batter with important information that will allow them to perform at a higher level.


The first step to analyzing a situation using sabermetrics is to determine the statistical data that is most important to the problem.  Teams within MLB keep track of a large amount of statistical data.  David Grabinar, an expert in the field of sabermetrics and author of “Sabermetrics Manifesto”, describes the importance of which data to analyze saying, “a good statistic should not measure outside effects over which the player has no control, such as the park.”
  In the case of analyzing player performance, a sabermatrician must only analyze those stats that the player can directly affect.  This is important because we are not concerned with how the player can perform in the rain or at a certain stadium, we are interested in overall performance.


Sabermetrics provides a mathematical view of America’s pastime.  It is a unique field because it incorporates a large range of mathematical techniques in order to analyze baseball data.  Sabermatricians require a large knowledge of the game and mathematics in order to properly contextualize the data.  It is important to note that while this is a quantitative analysis tool, bias may occur as they often do with any statistical analysis.  However, the true aim of this field is to provide values to measurements previously deemed intangible.  
II.
Background
A.  Background 

Baseball has been professionally organized by the Major League Baseball Association since 1903.  Over the past 100 years the game has significantly changed.  Players in the modern era are bigger, stronger and faster.  Home run records have been shattered by players like Barry Bonds and Mark McGwire.  However the controversy may play out between whether these two players used performance enhancing drugs, one can not deny the sheer power that they have shown.  Stadiums have transformed from small bleachers seating 10 to 20 thousand fans to monumental structures that define an entire city and seat more then 50 thousand spectators. While transition has occurred in most aspects of the game, one position has had little to no change: pitching.


Pitch count has also begun to play a large role in the length of time a pitcher will be left in a game.  A growing trend has shown that, regardless of performance, a starting pitcher will be removed on average after he has reached the 100 pitch mark.  A trend of not wanting to overwork rookies or younger players has begun to exist.  The best example of that is Jaba Chamberlain, a young prospect pitcher of the New York Yankees.  This twenty-two year old pitching sensation out of Nebraska was placed on a restrictive pitching regiment by the New York Yankees when he was brought up to the major leagues.  Joe Torre, former manager of the New York Yankees, said after one of Chamberlains pitching performances, “Chamberlain needed two days off after pitching two innings.”
  This type of resting regiment has become common place amongst the league’s top new prospects.  A similar restriction for innings pitched was placed on Boston Red Sox closer Jonathon Papelbon.  After the 2006 season, Terry Francona took the blame for Papelbon’s shoulder injury late in the season.  This year Francona took a much different stance on his closer’s use saying, “I’d say we’re [Red Sox organization] just using good judgment. He’s very healthy.  We overused him last year. I’ve learned my lesson.”
  By the end of the year Papelbon’s numbers were significantly lower.  In table 1 we can see that his innings pitched are down ten innings while maintaining the same amount of game appearances.   However his effectiveness did not necessarily increase as we see essentially the same save percentage, as well as a much higher ERA in 2007 when he was worked less.
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Bats: R   Throws: R   Born: 11/23/1980 
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Table 1- Jonathan Papelbon’s Career stats


Baseball lends itself to mathematical analysis due to the extensive amount of statistical data readily available.  Every individual MLB team has archived data on even the smallest statistical measurement, thus showcasing the importance of an effective means to discern information; sabermetrics.  The plethora of data allows sabermatricians to delve into the data and pull out important information by using basic statistical analysis tools.  The true genius of sabermetrics is its ability to provide a non-biased quantitative analysis of performance based on nothing but interpretation of pure raw data.


Pitching, and its associated stats are the most examined.  While it is undeniable that today’s pitchers are bigger and stronger then pitchers of earlier generations, the skill aspects of this position allow for more direct comparison.  Pitchers today tend to throw a significantly lower amount of pitches then in the past, and they also have a regimented schedule for the amount of rest that they must go through before pitching again.   According to a study done by the American Academy of Orthopedic Surgeons,“[There is] no concrete guideline for the number of pitches allowed, a reasonable approach is to count the number of pitches thrown and use 80 to 100 pitches.”
 Teams will only allow a starting pitcher to throw 100 pitches before replacing him with someone in the bullpen.  Back in the twenties pitchers were known to throw well over 125 pitches and pitch back to back days.  The idea that pitchers have digressed from over the past 100 years generates interesting research ideas.

B.  Objective and Research Questions

1.  The Objective

The primary objective of this project is to determine if there is any correlation amongst a lower pitch count trend and injury prevention.

2.  Research Questions


The questions to investigate why organizations limit the amount of pitches that a pitcher can throw during the course of a game and season:

1. 
Why, if athletes of the modern era are so much stronger and bigger, can they not throw as many pitches?  

2.
What is the purpose behind the magic number 100 (a number that most organizations use as a bench mark for when a pitcher should be replaced)? Is there any significant medical evidence to prove that arm damage will occur if a pitcher is overused?  

C.  Justification of Study

The trend of pitch count in baseball has grown over the past twenty years and it leaves a majority of players and managers wondering why this has occurred.  It is important because major league baseball pitchers are paid some of the highest salaries in the league, and any analysis of their performance is crucial to organizations around the league.  Teams fear is that they are either doing two things: under working pitchers or overworking pitchers.  This study aims to find out if injuries occur from overwork or if this is just a mere product of salary increase in the position (ie pitchers are paid more now so they work less).  This is extremely important to organizations who aim to get the most out of their pitchers without hurting them in the process. 

D.  Definition of Terms

· MLB:  Major League Baseball.  A professional baseball association in the United States beginning in 1903. 

· Pitch Count:  The total number of pitches that a pitcher throws over the course of one game. 

· ERA:  Earned-Run Average.  It is the average amount of runs that a pitcher would give up over the course of a nine-inning game

· SO:  Strike out.  The total number of times a pitcher has forced a batter to strikeout.  

· BB: Walks.  The total amount of time a pitcher has walked a batter during the course of a season.
· IP:  Innings pitched.  This measures the total amount of innings that a pitcher has thrown over the course of an outing or a season.

· H: Hits.  This is a measurement of the amount of times a player gets on base from a hit, it does not include walks.

· TB: Total bases: The total number of bases a batter reaches over the course of his at-bats
· AB: at-bat.  The total amount of times the player comes up to the plate.
· SLG: Slugging percentage: Calculated by dividing the total number of bases reached by the total number of at-bats:   SLG = TB/ AB. 
· DL: Disabled list.  Players who are deemed to injured to be in the line up are placed on this list.  It frees up a roster spot for the team whom the player is on.
III. DAta and MODELING

A. DATA

The data for this thesis comes directly from collected statistics throughout MLB. Most MLB baseball teams keep track of sixteen statistical measurements: wins, losses, ERA, games played, games started, complete games, shut outs, saves, save opportunities, home-runs allowed, hits, runs, earn runs allowed, hit by pitch, walks and strikeouts. Prior to 1985 most teams did not keep statistics on pitch count.  Teams will keep statistical data during a game but that data is not recorded into a larger database because the size would have to be extremely large.   Therefore the a measurement of pitch count has been developed by an estimating equation (figure 1.) 


· 3.3*PA + 1.5*SO + 2.2*BB

· PA = 3*IP + H + BB (developed by Tom M. Tango)
· PA= Plate Appearance

Figure 1- Tango Pitch Estimator

The data from baseball statistics archives will then be applied to this pitch count estimator ; IP, H, BB, and SO.  Notice that we have several variables the come into play with this equation, ultimately leading to the variable that we are most concerned with, pitch count.  

There are a couple things to point out about the data.  First off not all pitchers pitch the same type of pitches or the same intensity of pitches.  For example, a knuckleball pitcher throws approximately 95% knuckleballs in a game, which is a pitch ranging from 60 to 70 miles per hour with no arm rotation.  A fastball pitcher throws a majority of fastballs which is a high intensity pitch thrown between 88 to 99 miles per hour.  When looking at the data of innings pitched this must be taken into account.  It is plausible and logical to say that a knuckleball pitcher will be able to pitch a significantly more amount of pitches without becoming fatigued.  

Another key characteristic of the data is that the statistics are mostly representative of starting pitchers.  This occurs because they account for the majority of pitches thrown in MLB.  Bullpen pitchers do play a vital role in the outcome of games but account for only three innings of pitches on average.  This is substantially lower then that of a starting pitcher (approximately 6 innings pitched per game).  A key data tool in order to analyze bullpen pitchers is the rest sequence in which they are put on after a appearance.  This can be seen in Jaba Chamberlain and Jonathan Papelbon. 

Data was also collected on pitcher salary.  This data is important because it helps us analyze the hypothesis that pitch count has decreased as pitchers salaries have increased.  A possible explanation of this is that as pitchers are paid more they are obviously worth more.  Once they are worth more an injury to them is much more detrimental to the organization.  It is not that the injury probably has increased but the relative damage due to an injury has increased.  

Injury data over the past one hundred years is a difficult measurement to come across.  Up until recently this type of data was merely discarded.  However, it is imperative to the analysis of this problem in order to show if any correlation occurs between injury and overuse of pitchers.  Also injuries must be categorized by type, because a certain percentage of them are not arm injuries, which is what we are truly concerned with in this problem. Of the twelve players listed on the injury report prior to the 2008 season, five are pitchers.  These pitchers suffered from injuries such as: partial tear of rotator cuff (Curt Schilling 60 day DL), strained right tricep (John Lackey out indefinitely), and torn labrum (Casey Jannsen out for the season).

All of the data was collected in order to try and aid in the proof or rebuttal of the hypothesis mentioned in the problem definition stage of this process.  It is important to take this data and analyze it in order to find correlation and draw specific conclusions.

B. Methodology

This project will look at injury data in two analysis types; qualitative and quantitative.  In the qualitative portion I will look at reports from doctors that characterize the pitching motion and the affects on a human arm.  The difficult portion was performing the quantitative analysis.

It does not incur using complex systems or data analyzing tools.  For the most part all data can be observed, analyzed, and conclusively drawn using basic statistical data.  In table 2 we can see a chart representing the decreasing trend in pitches pitched over the past sixty years.  The data set consists of the league leaders statistics for the past sixty years.  These pitchers led the league in pitch count for their given year.  The reason I used the league leaders was to test the extreme points of the data.  Essentially if I can prove the top portion of the league is decreasing than we can assume that the mid point and lower level pitchers are decreasing as well.
	Year Period
	             Average
	        stdev

	2003-1993
	4125
	108.26

	1992-1982
	4325
	218.32

	1981-1971
	5328
	377.72

	1970-1960
	4763
	233.7

	1959-1946
	4790
	403.82


Table 2- Average Pitch Count for League leaders in a time period
From the above chart average, standard deviation and grouping techniques were used in order to analyze the given data.  This allows us to conclusively see the trend occurring within the data.  In Figure 2 we see a visual representation of Table 2.
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Figure 2 – Visual representation of trend of pitch count in MLB pitch count leaders

The graph shows a clear downward trend of pitch counts from 1950 till 2003.  These type of techniques are used in analyzing the data.  


In order to measure, the correlation of data we would look for trends that occur in the same time period.  For example, if we are attempting to understand if injuries decrease given the trend of pitch counts being lowered, then I would want to find data that demonstrates a similar decreasing trend in injuries as Figure 2.  Essentially, data that displays as pitch count is lowered injuries are lowered as well.  This same type of correlation technique is used when analyzing the increase in pitchers salary when compared to pitch count.  In that case we would expect an increasing trend in salary while a decreasing trend in pitch count remains.  


The key methodology for this project is the analysis of trends within the data sets.  If I can see that trends match up, I can ascertain that they are related or have some effect on each other.  This will answer the questions on what has directly influenced the decreasing trend in pitch count.  Sabermetrics again is a mathematical technique to objectively analyze baseball.  Sabermatricians utilized their knowledge of the game and in depth statistical analysis to draw quantitative conclusions on baseball.
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IV. RESULTS


The results can be broken down into two distinct categories: qualitative results and quantitative results.  The qualitative portion of the results will rely mostly upon medical explanations, while the quantitative portion will utilize statistical analysis to support the results.   

A. QUALITATIVE

Most individuals have an idea of how to throw a ball from one location to another,  thus most people relate throwing a baseball as a second nature activity.  However, the MLB pitching motion is far from normal and places a tremendous amount of strain on ones shoulders and arms.  Essentially human bodies do not typically respond well to this throwing style.  According to Dr. Mike Marshall, Dr. James Andrews, and Dr. Frank Jobe, three major factors contribute to arm injuries: underlying physical system, degree of use, and biomechanical injury.

When a pitch is thrown a complex interaction between muscles and tendons must occur in a matter of milliseconds.  This motion is often violent and can have a serious effect on the body parts in motion. According to Edward McFarland, director of sports medicine and shoulder surgery at John Hopkins Medical Institutions in Baltimore, "Essentially, when you throw a ball, the resulting force is trying to pull your arm off your body. It's like somebody is trying to dislocate your shoulder."
 Therefore with almost every pitch that is thrown the pitcher is causing some type of damage to his arm, even though it may not be readily detected.  One of the most common injuries found in pitchers is a tear of the rotator cuff or partial tear; which actually occurs due to long term pitching.
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Figure 3 Rotators Cuff
In January 1998, Dr. Edmund conducted a study on 1,000 collegiate baseball players over the course of three seasons.  He collected data specifically on injuries that occurred over the course of three seasons, tracking the type, position played, and amount of time it prevented the athlete from participating in games.  In the report he comments on pitcher’s rotator cuffs saying, “Rotator cuff tendinitis was the most frequent complaint, was the most frequent injury, and resulted in the most time lost from the sport.”
  This directly reflects the earlier comment on the raw nature of throwing a baseball.  If one analyzes the throwing motion it can be broken down into five stages:

•  Wind-up : rotator cuff muscles are inactive during this initial stage. 
•  Early cocking stage : involves external shoulder rotation. 
•  Late cocking stage : the rotator cuff muscles are very active during this stage, especially the subscapularis, which contracts and acts as a dynamic stabilizer 
•  Acceleration stage : begins with internal rotation of the humorous and ends with release of the baseball. The muscles of the rotator cuff are basically inactive. 
•  Follow-through : during this phase, the rotator cuff muscles are most active. The supraspinatus contracts to decelerate internal rotation of the limb. 

During the late cocking stage of the pitching motion the pitcher builds torque and tension within the rotators cuff and releases that force towards home plate, extending the force all the way throughout the motion till it is released forward during the follow through stage.  As one could imagine the releasing of this force forward pulls on the tendons of the rotators cuff and strains them every time a pitch is thrown.  The repeating of this motion creates micro tears within the rotators cuff.  These micro tears can be self healed with rest depending on the severity.  The severity of such tears is dependent on the total number of times a pitcher puts their arm through the stressful motion.  Thus with every pitch the pitcher slightly injures their arm more and more.  Most of these injuries are small and undetectable therefore the pitcher continues.  However, at a certain point the total amount of micro tears add up to a point in which the pitcher becomes ineffective.  
B. QUANTITATIVE


The New York Times conducted a study of younger players ages 8 to 18 in an attempt to determine the proper amount of rest due to age.  Ultimately this was an attempt to limit injuries within little league players.  Appendix B shows a detailed report of their findings.  The report shows that as players mature they can throw more pitches with a lower risk of injury and thus do not need as much rest time before pitching appearances.
  These types of injuries do not diminish once the pitcher passes the age of 18 since the developmental growth is minimal by age 18.  

Initially, I analyzed the decreasing trend of innings pitched and pitched count around baseball over the past thirty years.  Table 2 shows the pitchers leading in pitch count over the past thirty years in both the National and American league. Since 2007 the last pitcher to pitch in over 300 innings was Steve Carlton a pitcher for the Philadelphia Phillies in 1980.
  In figure 4, we see again see the extreme decreasing trend in innings pitched over the course of the last fifty years. 
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Figure 4- Leader in Pitch Count vs. Year Pitched
This trend of innings pitched has decreased at an average of 1.22 innings per year.  This process occurring over 50 years essentially means that pitchers now are pitching almost 50 fewer innings then the pitchers of the past.  Considering that a starting pitcher averages 6 innings per start, pitchers now a day pitch almost nine games fewer then pitchers of the past.  

From the qualitative section of the results one can see that injuries do occur often to pitchers (specifically referring to Dr. Edmunds study on collegiate baseball players).  We can also conclude from his report that these injuries are often serious and require more off days then that of an injury occurring to a player of any other position.  In a study conducted by Nate Sterling and Will Carroll, writers for Baseball Prospectus (a magazine that specializes in current issues in MLB), injury data was compiled concerning the age of a pitcher and the attrition rate.  Attrition rate in the experiment is defined as, “the percentage of pitchers who experience a decline in their innings pitched of at least 50 percent.”
  The pitchers analyzed had to meet several requirements. First off they had to have pitched 150 innings in the previous season and an ERA no worse then 10 percent of the leagues average.  These specific stats signified that a pitcher had already had an average season under his belt and showed signs of a long career in the major leagues, unless of course injury occurred.  Pitchers from 1946-2002 were considered for the study.  The following graph was created to show the attrition rate of the pitchers over the course of their career at certain ages:
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Figure 5- Attrition Rate as a result of Age


As the chart shows, attrition rates are extremely high in the early days of a pitchers career and at the latter portion of a pitchers career.  This says that a pitcher early in his career has a high chance to incur injuries or reasons to lower his innings pitched after a successful season.  It also says that older pitchers are more susceptible to a decrease in innings pitched.  This trend begins around the mid thirties mark and increases towards forty years old.  

V. CONCLUSION
Through this study I have been able to make two significant findings.  The first being that there is definitely some form of correlation between the amount of pitches pitched and a pitchers susceptibility to injury.  This was determined through the results mentioned in the qualitative and quantitative portions of the report.

The qualitative section provided medical information and data to support to the fact that throwing a single pitch damages the arm.  From that information I concluded that throwing several pitches would continuously injure the arm.  As with any human body part, they have breaking points at which the nerves created to protect the tendon from rupturing give way to the pure strain.  This breaking point is different within every pitcher.  I was unable in this report to determine where the optimal breaking point is within pitchers.  That type of research would be an excellent follow on project that would require several years of research and statistical data.  This would be significant because it would end to myth on 100 pitches.

The quantitative section proved that indeed the number of pitches that a pitcher is throwing in a season has significantly decreased over the past fifty years.  It next proved that there are certain stress points within a pitchers career that are initially related to physiological make up (20-25 years old getting injured) and stress points that occur in the later portion of pitchers careers (35-40 years old).  This increase in attrition rate in the later years of pitchers careers is attributed to the sheer number of pitches they have now pitched over the years.  They begin to lose velocity and movement on their pitches due to fatigue from years of pitching.  An interesting follow on project would be to research pitchers such as Roger Clemens and Randy Johnson.  These pitchers have pitched long past there fortieth birthday and still remain some of the most dominant pitchers in the game with minimal to no injury time up until last year.
The second significant finding is the fact that currently major league baseball keeps stats on over thirty different categories of statistical information; however they do not have a system of recording and keeping track of injuries (ie. by type, severity, length on disabled list).  After completing this project I would suggest to Major League Baseball that they begin a data collection process of injuries within the league.  This is significant to teams because pitchers are some of the highest paid players in the game.  After completing all of the research reading several of studies and reports it is clear that no direct statistical data exists to examine a decrease in pitchers injuries over any given time period.  Creating such a data set would be an immeasurable asset to Major League Baseball, but would also entail a years of work.
Given the data present currently and analytical tools of correlation, along with scientific research on the physiological make up of the human body it is clear that a relationship between injuries and pitch counts exists.

Appendix A
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	Proper Name: Paul Gregory Byrd

Born: December 3, 1970 

Louisville, KY

Height: 6-1

Weight: 190 lbs.

Age: 37


 Strengths
Byrd effectively employs deception, using different velocities on his pitches. It is difficult to predict his pitch sequences. He is capable of throwing all his pitches for strikes.

Weaknesses
Byrd is not overpowering. He doesn’t strike out many, and he doesn’t have a true out-pitch or swing and miss pitch.

Fastball (85-89 mph)

Movement: He throws a two-seam fastball that shows tailing action, and he is able to create sink when pitching to contact. Byrd also throws a four-seam fastball that is straight with average life through the strike zone.

Command: Byrd has good command of his fastball. He will use it to the sides of the plate and up in the strike zone.

Plan: Byrd will throw his fastball off the plate and inside to hitters so he can set up his off-speed pitches.

Slider (78-82)

Movement: He throws a small slider with small break and average rotation.

Command: Byrd has above average command of this pitch. He gets best use of it when he throws it to his arm-side as a back-door slider to lefties.

Plan: He will use it in and out of the zone depending on the hitters. Byrd is capable of throwing this pitch for strikes at any time, and he will drop down and pitch from a low three-quarter arm slot at times.

Change-up (73-79)

Movement: His change-up has small tailing action to it and small sink to his arm-side.

Command: Byrd commands his change-up best to his arm-side and uses it down in the strike zone. He can throw it for strikes in the zone or command it down and out of the zone.

Plan: He uses it mainly to left-handed hitters and will throw his change-up in any count. Byrd doesn’t like to use his change-up as much the first time through the order.

Curve (72-76)

Movement: Byrd has an average break to his curveball. He will change the angle and depth depending on the hitter.

Command: He has good command of his curveball and is capable of throwing it to both sides of the plate and using it down and out of the strike zone.

Plan: This pitch is used to change the eye level of the hitters. It will set up his sinking fastball and slider as out-pitches.

Best Match-up
Younger players with limited major league experience may have a difficult time with Byrd because of the right-hander’s ability to changes speeds and the angle of all his pitches. Younger players are more aggressive and usually are looking for a fastball to hit. Byrd will show his fastball, but not in an area where it can be hit out of the park.

The Yankees are an experienced team, so there really isn’t a “best” match-up for Byrd. Robinson Cano and Melky Cabrera are the most inexperienced Yankees, but they are a combined 5 for 13 with two home runs and 7 RBIs against Byrd. It’s not going to be an easy game for Byrd!

Worst Match-up
Experienced hitters who can use the entire field to hit in will take away Byrd’s pitch options. By using the entire field, good hitters can allow the ball to travel further before starting the hitting motion. This, in turn, gives them more time to identify Byrd’s off-speed pitches and offset one of Byrd’s assets, which is deception.

Derek Jeter is 11 for 27 (.407) lifetime against Byrd. Doug Mientkiewicz is 6 for 19 (.316) with five RBIs against Byrd, versus Jason Giambi at 4 for 13 (.214) with one RBI. So, if Joe Torre isn’t bothered by the small sample size, he may start Mientkiewicz.

Pitching Mechanics (A)

Byrd uses a consistent tempo and rhythm when pitching. It helps him alleviate tension as well as repeat his delivery and arm slot. He gets in trouble when pitching from the stretch because he has a quick move to home plate and will hurry his delivery from time to time. Overall, Byrd does a good job of staying balanced and finishing off his pitches.

Pitcher Plan
Against the Yankees Byrd will try to mix his pitches inside and out of the strike zone. His ability to hold runners close at first base will slow down the Yankees’ running game. For their part, the Yankees will look to use a lot of “hit and run” strategy to keep from grounding into double plays.

Keys to Success
· Consistently change his pitch sequence to keep the Yankee hitters guessing. 

· Keep runners at first base with his quick move to the plate. 

· Hope that gnats attack the Yankees batters. 
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Table 2
	Year
	National League
	IP
	 
	American League
	IP
	 
	 
	 

	2007 (NL AL)
	Brandon Webb (ARI)
	236.3
	
	C.C. Sabathia* (CLE)
	241.0
	
	 
	 

	2006 (NL AL)
	Bronson Arroyo (CIN)
	240.7
	
	Johan Santana* (MIN)
	233.7
	
	 
	 

	2005 (NL AL)
	Livan Hernandez (WSN)
	246.3
	
	Mark Buehrle* (CHW)
	236.7
	
	 
	 

	2004 (NL AL)
	Livan Hernandez (MON)
	255.0
	
	Mark Buehrle* (CHW)
	245.3
	
	 
	 

	2003 (NL AL)
	Livan Hernandez (MON)
	233.3
	
	Roy Halladay (TOR)
	266.0
	
	 
	 

	2002 (NL AL)
	Randy Johnson* (ARI)
	260.0
	
	Roy Halladay (TOR)
	239.3
	
	 
	 

	2001 (NL AL)
	Curt Schilling (ARI)
	256.7
	
	Freddy Garcia (SEA)
	238.7
	
	 
	 

	2000 (NL AL)
	Jon Lieber (CHC)
	251.0
	
	Mike Mussina (BAL)
	237.7
	
	 
	 

	1999 (NL AL)
	Randy Johnson* (ARI)
	271.7
	
	David Wells* (TOR)
	231.7
	
	 
	 

	1998 (NL AL)
	Curt Schilling (PHI)
	268.7
	
	Scott Erickson (BAL)
	251.3
	
	 
	 

	1997 (NL AL)
	John Smoltz (ATL)
	256.0
	
	Roger Clemens (TOR)
Pat Hentgen (TOR)
	264.0
	
	 
	 

	1996 (NL AL)
	John Smoltz (ATL)
	253.7
	
	Pat Hentgen (TOR)
	265.7
	
	 
	 

	1995 (NL AL)
	Greg Maddux (ATL)
Denny Neagle* (PIT)
	209.7
	
	David Cone (TOT)
	229.3
	
	 
	 

	1994 (NL AL)
	Greg Maddux (ATL)
	202.0
	
	Chuck Finley* (CAL)
	183.3
	
	 
	 

	1993 (NL AL)
	Greg Maddux (ATL)
	267.0
	
	Cal Eldred (MIL)
	258.0
	
	 
	 

	1992 (NL AL)
	Greg Maddux (CHC)
	268.0
	
	Kevin Brown (TEX)
	265.7
	
	 
	 

	1991 (NL AL)
	Greg Maddux (CHC)
	263.0
	
	Roger Clemens (BOS)
	271.3
	
	 
	 

	1990 (NL AL)
	Frank Viola* (NYM)
	249.7
	
	Dave Stewart (OAK)
	267.0
	
	 
	 

	1989 (NL AL)
	Orel Hershiser (LAD)
	256.7
	
	Bret Saberhagen (KCR)
	262.3
	
	 
	 

	1988 (NL AL)
	Orel Hershiser (LAD)
	267.0
	
	Dave Stewart (OAK)
	275.7
	
	 
	 

	1987 (NL AL)
	Orel Hershiser (LAD)
	264.7
	
	Charlie Hough (TEX)
	285.3
	
	 
	 

	1986 (NL AL)
	Mike Scott (HOU)
	275.3
	
	Bert Blyleven (MIN)
	271.7
	
	 
	 

	1985 (NL AL)
	Dwight Gooden (NYM)
	276.7
	
	Bert Blyleven (TOT)
	293.7
	
	 
	 

	1984 (NL AL)
	Joaquin Andujar (STL)
	261.3
	
	Dave Stieb (TOR)
	267.0
	
	 
	 

	1983 (NL AL)
	Steve Carlton*+ (PHI)
	283.7
	
	Jack Morris (DET)
	293.7
	
	 
	 

	1982 (NL AL)
	Steve Carlton*+ (PHI)
	295.7
	
	Dave Stieb (TOR)
	288.3
	
	 
	 

	1981 (NL AL)
	Fernando Valenzuela* (LAD)
	192.3
	
	Dennis Leonard (KCR)
	201.7
	
	 
	 

	1980 (NL AL)
	Steve Carlton*+ (PHI)
	304.0
	
	Rick Langford (OAK)
	290.0
	
	 
	 

	1979 (NL AL)
	Phil Niekro+ (ATL)
	342.0
	
	Dennis Martinez (BAL)
	292.3
	
	 
	 

	1978 (NL AL)
	Phil Niekro+ (ATL)
	334.3
	
	Jim Palmer+ (BAL)
	296.0
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