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Introduction 

Although many studies have been done to solve 

this mystery, other approaches need to be 

considered to narrow the gap of uncertainty 

why injuries are occurring and definite answers 

to why they are happening.  The purpose of this 

paper is to hypothesize on a concept that may 

give answers to the widespread of injuries 

plaguing pitchers of all levels. The proposed 

concept relates the duration of the arm path 

from start to release, the drive of the back leg, 

the stride, and other movements.  Therefore, to 

see a correlation of high or low stresses using 

time-variant loading and unloading of the 

shoulder’s and elbow’s connective tissue.  

 

Researchers have been using the same 

methods of data gathering for over 20 years.  

The difference in this day in age is that 

technology has improved, so data gathering 

was simplified.  Unstated, data is vital in 

research, but when data gathering supersedes 

truly understanding physics laws, the process 

is backward. 

 

As a suggestion, physics models are available 

to help solve this dilemma of why pitchers are 

falling flies with injuries.  Models like the 

trebuchet or the simple pendulum system 

(SPS), which obey the theory of simple 

harmonic motion (SHM) and resonant 

frequency (RF) (covered in detail in a paper I 

wrote ‘Developing the Pitching Theoretical 

Model’), critical for these models to function 

efficiently.  The data gathering would have 

more purpose if the theory of how these models 

function is thoroughly understood while 

superimposing the pitching motion (PM) over 

these two models.  In other words, understand 

the physics, then the data would have more 

meaning. 

 

This material covers various duration 

combinations between the arm, drive leg, 

stride, shoulder maximum external rotation 

(MER), and internal rotation (IR).  The 

combinations of these durations may help gain 

understanding in determining the causes of 

injury.  For example, relating the: 

 

• Arm path duration & length to stride 

duration & length 

• Arm path duration & length to drive 

duration & length 

• Drive duration & length to stride 

duration & length 

• Drive duration to shoulder MER 

duration to release 

• Arm loading duration through shoulder 

MER to release due to the drive 

• Impulse from drive & impulse from 

shoulder MER through IR to velocity 

 

Other relationships may arise as the PM is 

studied further.  Some of the combinations may 

show redundancy throughout this material and 

subtracted as studies are performed. Also, all 

suggestions are hypothetical that may help 

determine the causes of various injuries to 

pitchers. Again, a good grasp of the theory of 

SHM is vital for understanding the concept of 

this literature. 

 

The Theory of SHM 

The theory of SHM, according to Wikipedia, “In 

mechanics and physics, simple harmonic motion 

(sometimes abbreviated SHM) is a special type 

of periodic motion where the restoring force (also 

known as the driving force DF if the amplitude 

is to be increased while maintaining RF)) on the 

moving object is directly proportional to the 

magnitude of the object's displacement acts 

towards the object's equilibrium position. It 
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results in an oscillation that continues 

indefinitely if uninhibited by friction or any other 

dissipation of energy.”  This motion is 

demonstrated by SPS, as shown below. 

 

 

A mass attached to some ceiling support 

assuming a massless cord and no air 

resistance on the mass.  In this case, the 

restoring force is gravity endeavoring to bring 

the mass to its EP experiencing SHM.  As the 

mass undergoes SHM, it goes back and forth 

from position 1 to position 2, converting from 

PE at position 1 to maximum KE at the EP.  

From the EP to position 2, the system converts 

from KE back to PE from the EP to position 2.  

The exact process happens from position 2 to 

position 1, completing the cycle moving in SHM 

and RF. 

 

Every system or object globally has a unique RF 

in which it moves or vibrates.  If that system 

maintains RF, it moves more efficiently.  

Maintaining the RF of a system, movements 

must not be hurried, moving rhythmically and 

temporally.  A clarification of how rhythm and 

tempo are used in this material; often used to 

mean the same thing.  Rhythm is the length of 

the movement while moving with a specific 

tempo or pace.  A pitcher’s movements must be 

as long as possible to produce the proper 

tempo.  It should make sense that if the 

movements are shortened, the tempo must 

speed up, not complying with SHM and RF's 

theory.   

 

There are many philosophies as to how the 

pitcher should move down the mound.  Most 

teach that the pitcher should hurry through 

each movement to increase velocity, 

contradicting the theory of SHM and RF.  

Theoretically, if movements speed up, it 

reduces velocity and puts more stress on the 

shoulder’s and elbow’s connective tissue.  Not 

to mention, it ruins the ability to throw with 

accuracy.   

 

Another reason movements must not be 

hurried it negatively affects the leverage of the 

throw.  Rapid moves shorten movements, 

which decreases the leverage of the throw.  

Therefore, smooth and long movements 

increase leverage, and fast movements 

decrease leverage to increase velocity. 

 

It might not be self-evident that smooth and 

lengthy movements decrease the stresses in the 

joints' connective tissue, but they do.  

Contrarily, rapid movements increase the 

stress at joints and their connective tissue.  

More specifically,  when movements speed up, 

it also shortens movements, increasing the 

magnitude of the loading and unloading of the 

connective tissue.  Therefore, movements 

should be smooth, creating long rhythmic and 

temporal movements.  In more detail, smooth 

does not mean so slow that inadequate 

momentum is transferred up the kinetic chain.     

 

Relating the Arm Path Duration & Length to 

the Stride Duration & Length 

To adhere to the theory of SHM and RF, relating 

the duration of the arm path and stride may 

give insight into preventing injury.  A highly 

efficient physics model that complies with the 

theory of SHM and RF is the trebuchet.  As 

mentioned earlier, the PM can be superimposed 

over a trebuchet and relate the characteristics 

of the trebuchet to the pitcher.  Before 

comparing the trebuchet to the pitcher, the 

launching mechanism of both must be 

thoroughly understood.  In other words, both 

propel an object, but they use different energy 

systems, and one uses velocity for long 

distances and the other for velocity at a short 
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distance.  Therefore, the launch angle must be 

considered. 

The trebuchet uses the conservation of 

energy to propel the object, whereas the 

pitcher uses the conservation of energy and the 

impulse-momentum relationship (covered in 

detail in papers I wrote, ‘The Physical 

Principles Motion in Pitching’ & ‘The 

Human Trebuchet’ ).  As per the definition of 

SHM of a SPS, the mass oscillates back and 

forth, moving passively with no other forces 

acting on the mass but gravity.  Although, if the 

energy of a system is to be increased, a driving 

force Fd must be introduced in a timely fashion 

as not to disrupt RF,  As shown in the following 

image. 

 

The driving for is applied when the mass at 

position 1 is at zero velocity in either direction.  

When the Fd is introduced at this point 

increases the amplitude of the system and 

increases the system's energy, demonstrated 

by the sinusoidal function below.  

 

As shown in the last image on page 2, when the 

Fd is applied to the mass at position 1, it 

increases the amplitude from the red function 

of 1 to the blue function of 2.  The blue function 

is represented by introducing the Fd to the 

system, increasing its PE from position 1 to 

position 1’ (1 prime) and position 2 to position 

2’ due to increasing h to h’ (h prime), 

increasing its PE, therefore, increasing its KE 

due to the conservation of energy principle.  

Where h’ is directly proportional to the square 

of the velocity, the higher h’, the greater the 

velocity when the mass passes the EP.  

Therefore, the amplitude was increased to 

increase the SPS's energy, and its RF was not 

disrupted. 

Applying this concept to the trebuchet, the Fd 

is the Counter Weight CW released from some 

height h, as shown below. 

 

For the trebuchet to launch an object to 

maximum distances, levers L1 and L2 must be 

perpendicular to the ground.  What allows this 

to happen are the wheels at the bottom of the 

platform base of support (BoS).  The wheels 

shift slightly forward at launch to ensure a 

perfectly vertical lever system. 

The pitcher has a more dynamic BoS since he 

must propel himself forward to throw the ball.  

As the pitcher launches himself forward, he 
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must try to keep his CG represented by the red 

vertical dotted line central to his moving BoS, 

as shown in the sequential movements of the 

PM kinetic chain from start to finish as shown 

in the images below. 

 

 
 

 
 

 
 

 
 

 
 

It is essential that the CG stays centered to the 

BoS while striding as far as possible to increase 

the amount of time the Fd is exerted on the ball 

before release.  Also, to produce maximum 

momentum to increase velocity (covered in 

detail in a paper I wrote, ‘Dynamic Balance & 

Stability as it Pertains to the Pitching 

Motion’).  To maximize momentum, the theory 

of impulse-momentum must be thoroughly 

understood.  In a nutshell, the longer the Fd is 

exerted on the ball, produces more velocity.  In 

the following image, the arm path is illustrated 

by the red and green dots.  The red dots are the 

hand moving with the least muscle activity, 

mimicking a SPS, maintaining RF, and the 

green dots are the ball accelerated by the Fd 

produced at the fingertips. 

 

 

The arm path and stride duration relationship 

show that the stride foot landed in 0.93s, and 

the ball was released at 1.05s, a difference of 

0.12s.  Still, the stride foot and the ball's 

release are almost identical, illustrated by the 

green vertical.  Also, it is clear that the duration 

and length of the arm and stride are directly 

related – as the duration of both is longer, so is 

the length of the two, complying with the 

theories of SHM, RF, conservation of energy, 

(angular) impulse-momentum and the 

conservation of (angular) momentum.  The time 

values alone, the difference of the two, or a ratio 

may help to determine causes of injury.  

Therefore, the concept relating the arm path 

duration and length to the stride duration and 

length may give insight into preventing injury 

due to prolonged loading and unloading 

stresses. 

 

Relating Arm Path Duration & Length to 

Drive Duration & Length 

With the same physics principles still applying, 

the relationship between arm path duration 

and drive duration may be hypothetically 

looked into to determine the causes of injuries.  

In the following image, the duration of the arm 

path is superimposed over the duration of the 

drive.  The arm path and drive duration 

relationship show that the drive lasted 0.16s 

and the arm path lasted 1.05s, a difference of 
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0.89s between the arm and drive.  Again, these 

time variances may be used to determine 

tolerable loading and unloading stresses in the 

shoulder’s and elbow's connective tissue.   

 

 
 

Relating Drive Duration & Length to the 

Stride Duration & Length 

Per the impulse-momentum relationship, if the 

value of loading and unloading time is 

prolonged, decrease the loading and unloading 

stresses in the shoulder’s and elbow’s 

connective tissue. This relationship may 

explain how drive and stride duration assist in 

prolonging the loading and unloading of the 

arm through shoulder MER through IR and 

release.  As shown in the image below, the drive 

duration is 0.16s and the stride 0.93s, a 

difference of 0.77s. 

 

 
 

The following image shows that the drive 

produced a stride length of 7 ft, which would 

allow the pitcher to release the ball closer to 

home plate (HP), as shown in the last image on 

page 4, illustrating the relationship of arm and 

stride duration and length.  

 

 
 

Releasing the ball closer to HP would increase 

the physical and perceived velocity.  Since the 

hitter has to make contact about 6 to 10 inches 

in front of HP, depending on where he is 

standing, the hitter has about 51 ft to react to 

the ball.  

 

Relating Drive Duration to Shoulder MER 

Duration to Release 

As mentioned earlier, if the duration of time is 

the force Fdsmerr (driving force from shoulder 

MER to release) on the ball is prolonged, it 

increases its velocity, as shown below.  

 

 
 

This relationship may also give insight into how 

valgus and varus torques are managed or how 

one may cancel the other to prevent injury to 

the shoulder and elbow.  High values of these 

torques are the culprit to ulnar collateral 

ligament ruptures.  Still, there may be a way to 

reduce the magnitude of these loads to protect 

the ulnar collateral ligament (UCL).  As 

mentioned earlier, if the amount of time these 

torques are loaded and unloaded is prolonged 

would reduce the stresses, not only in the UCL 
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but in all the connective tissue surrounding the 

shoulder and elbow joints.  It is essential to 

point out that these loads must be reduced and 

how the angle of the shoulder and elbow is 

positioned in the acceleration and deceleration 

phases of the PM.  Many other factors need to 

be taken into account to prevent injury to these 

joints, but it is a start.     

 

Arm loading Duration through Shoulder 

MER to Release Due to the Drive 

Revisiting the impulse-momentum relationship 

that stipulates if the duration of loading and 

unloading is lengthened reduces the loading 

and unloading stresses. This relationship may 

also give insight into if a more extended drive 

duration allows the shoulder and elbow more 

time to load and unload. The following images 

show that the arm starts at t = 0 through fully 

loading and unloading at t = 0.15s.  As 

mentioned earlier, the longer it takes to load 

and unload increases velocity, which is the 

opposite of what is taught to pitchers today. 

 

 

 

 

 

Relating Impulse from Drive & Impulse 

from Shoulder MER through IR to Velocity 

In the following image, the pitcher exerts the 

drive of the back leg on the rubber.  The force 

Fdbl (the driving force of the back leg) applies an 

Impulse for t = 0.16s.  Implying that the force 

Fdbl exerted to propel the pitcher forward part 

the energy systems in generating momentum 

toward HP per the impulse-momentum 

relationship (covered in detail in a paper I 

wrote, ‘The Three Divisions of Momentum 

Generation of the Pitching Motion’). This 

relationship is more for understanding how 

velocity is increased by correctly applying the 

impulse-momentum relationship but may also 

assist in gathering injury prevention data. 
 

 
 

There are three locations where an impulse is 

exerted.  The first one is the one demonstrated 

in the image above.  The next occurs when the 

pitcher lands on his front leg, producing a 

ground shear force Fgrs as the body decelerates 

and creates an angular impulse τt about the 

hips as the trunk rotates forwardly, as below. 

 



 

7 
 

 
 

The last is the angular impulse produced from 

shoulder MER up through the ball's release due 

to the trunk’s forward rotation, as shown 

below. 

 

 
 

Conclusion 

As mentioned earlier, this literature is a 

hypothetically proposed approach to determine 

why the rampant escalating injuries are 

plaguing pitchers at all levels.  The common 

theme in the various duration combinations is 

to increase the time of the force application, 

together with the physics models proposed at 

the beginning of this literature.  The models are 

the SPS and the trebuchet that comply with the 

theory of SHM and RF.  Although there seemed 

to be redundancy throughout the literature, 

they had a different twist to the common 

theme.  This would imply that a prolonged PM 

from start to finish encompasses all the 

duration combinations covered in this material, 

moving in SHM and RF.  The process of adding 

or subtracting combinations suggested in this 

material would be determined after further 

studies of the PM considering recommended 

physics theory gathered from the physics 

models and principles adhering to the theory of 

SHM and RF. 

 

It is assumed that an MLB pitcher or those who 

work with them automatically makes them 

experts in pitching mechanics when the MLB 

pitchers surpass the number of injuries at the 

lower levels of baseball occurring 

demographically. 

 

According to Jon Roegele of the Hardball 

Times on April 18, 2018.  

 

"By the end of the 2017 regular season, there 

were 183 pitchers who had thrown at least one 

pitch at the major league level and also had 

Tommy John surgery. In addition, 19 pitchers 

had undergone the surgery, did not enter any 

games in 2017, but finished the season on the 

major league disabled list." 

 

According to Sakiko Oyama, a baseball 

researcher: 

 

“It would be a mistake to believe that technique 

used by elite professional baseball pitchers is 

always “proper.” 

 

According to Anna Karamuzin, a former 

certified physician and parent that defected 

from Russia: 

 

“In Russia, no one is allowed to work with their 

top athletes and dancers without a degree that 

requires physics or a major in engineering.” 

The bottom line is that anyone who works with 

athletes should have a certification to do so.  

Unfortunately, high-level pitching instructors 

do not need to be certified. 

Without a doubt, physics does provide answers 

to these widespread injuries occurring.  A 

different approach must be taken, and it is the 

purpose of this literature to propose that 

physics models should be implemented into 

research design.  A theoretical pitching 

model (TPM) must be developed in which the 
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actual model (the pitcher) is scrutinized to 

improve it (covered in more detail in a paper I 

wrote, ‘Developing the Theoretical Pitching 

Model’). 

It is not loosely blurting out physics terms to 

impress, but they are correctly interpreted and 

applied, which is not the case.  As quoted 

earlier by a former Russian physician and 

parent, Anna Karamuzin, their trainers must 

be certified to train their top athletes.  If the 

highest level of baseball had this requirement, 

we would not have this issue so prevalent.  The 

problem is that there is no system set in place 

that certifies those that manage pitcher 

development performance-wise while 

protecting them from injury. 

 

According to online pitching experts, a pitcher 

can train to pitch with accuracy or increase 

velocity. Separating the two is unfortunate 

since there is a way to improve both 

simultaneously while protecting from an injury 

called the three I’s for pitching success (covered 

in detail in a paper I wrote, ‘The Three I’s for 

Pitching Success System’).  If anyone bought 

into this method, they would have an 

advantage over their competitor.  Someone may 

ask, “how can you make such a claim?”  I would 

answer, “I have been using this system for over 

25 years with great success.” 
 

Those that consider themselves to be pitching 

experts need to put their interpreted and 

applied physics on paper to prove that their 

system is legitimate and let physics experts 

critique their understanding of the science.  

Again, anyone can loosely blurt out physics 

terminology lacking a correct interpretation 

and application of physics concepts.  A perfect 

example of the latter is that many are under the 

misinterpretation that a greater force exerted in 

a minimal amount of time is more 

advantageous than a lesser force applied for a 

more extended period.  Therefore, there is a 

misapplication in the pitching mechanics. 

 

Since many who manage pitchers have no 

physics background, pitchers are falling like 

flies with UCL tears and labral tears.  Some 

may say that even researchers are mystified 

with this pandemic and have physics 

knowledge, which is the purpose of this 

literature.  As mentioned earlier, there needs to 

be a change in approach to research design 

utilizing different physics models for more 

precise data gathering.   Below are reputable 

sources that show how injuries continue to 

escalate despite many studies.   

 

According to the Orthopaedic Journal of 

Sports Medicine:  

 

“It is now estimated that approximately 25% of 

Major League Baseball pitchers undergo Tommy 

John surgery for a UCL injury.” 

 

Professional and Amateur Pitchers’ 

Perspective on the Ulnar Collateral 

Ligament Injury Risk Danica D. Vance, MD, 

Frank J. Alexander, MS, ATC, Brian W. Kunkle, 

PhD, Mark Littlefield, ATC, and Christopher S. 

Ahmad, MD Investigation performed at 

Columbia University Medical Center, New York, 

New York, USA.  The Orthopaedic Journal of 

Sports Medicine, 7(6), 2325967119850777 

DOI: 10.1177/2325967119850777 The 

Author(s) 2019 

 

According to the American Journal of 

Orthopaedics: 

 

“One injury that has been in the spotlight due to 

its dramatically increasing incidence is tear of 

the ulnar collateral ligament (UCL). Several 

studies have shown that the number of pitchers 

undergoing ulnar collateral ligament 

reconstruction (UCLR), commonly known as 

Tommy John surgery, has significantly 

increased over the past 20 years. Between 25% 

to 33% of all MLB pitchers have undergone 

UCLR. While the number of primary UCLR in 

MLB pitchers has become a significant concern, 

an even more pressing concern is the number of 

pitchers undergoing revision UCLR, as this 

number has increased over the past several 

years.” 
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Predicting and Preventing Injury in Major 

League Baseball Brandon J. Erickson, MD, 

Peter N. Chalmers, MD, Charles A. Bush-

Joseph, MD, and Anthony A. Romeo, MD.  The 

American Journal of Orthopedics ® 

March/April 2016 


