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CORRELATION OF SHOULDER AND ELBOW KINETICS WITH BAL

VELOCITY IN COLLEGE BASEBALL PITCHERS
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Throwing a baseball is an extremely dynamic amdewit act that places large
amounts of stress on the elbow and shoulder. Dtleeteepetitive nature of baseball
pitching, the accumulation of these forces cannoliéad to injury Specific injuries at the
elbow and glenohumeral joints have been linkecet@mal kinetic variables that occur
throughout the throwing motion. Ulnar collatergidment sprains of the elbow have been
linked to excessive elbow valgus and shoulder eateotation torques occurring during
the late-cocking phase of throwing. Shoulder extkerotation torque during the late arm-
cocking phase and shoulder distraction forces duhe deceleration phase can
contribute to tears of the labrum. Additionallyisitoelieved that the peak distraction
force generated during the arm deceleration phasecantributes to rotator cuff
pathologies. Unfortunately, very little researcls baen conducted that directly examines
the relationship between ball velocity and thesekc variables that contribute to
various elbow and shoulder pathologies. Therefiie purpose of this study was to
examine the correlation of ball velocity with elbeaigus torque, shoulder external
rotation torque, and shoulder distraction forca group of NCAA Division | collegiate

baseball pitchers.



The pitching kinetics of 67 NCAA Division | collegfe baseball pitchers were
analyzed using high-speed motion analysis. Eigidtednically synchronized high-speed
(240 Hz) digital cameras were used to track theenmant of 26 reflective markers
placed over various anatomical landmarks on eadicipant in order to calculate the
values of the kinetic variables examined. Afternviag up, participants threw fastballs
off an indoor pitching mound towards a strike ztarget. The average of the 3 highest
velocity fastballs thrown for strikes was useddata analysis. The relationships between
ball velocity and peak elbow valgus torque, shouttistraction force, and shoulder
external rotation torque were analyzed using adéeés correlation coefficient.

A weak positive correlation was found between balbcity and shoulder
distraction forcern(= .26,p = .02), but there were no significant correlatibeswveen ball
velocity and elbow valgus torque= .20,p = .05) or ball velocity and shoulder external
rotation torquer(=.10,p = .22).

The results of this study indicate that theretilelassociation between ball
velocity and several kinetic variables at the ell@wl shoulder joints in Division |

collegiate baseball pitchers.
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CHAPTER |
CORRELATION OF SHOULDER AND ELBOW KINETICS WITH BAL

VELOCITY IN COLLEGE BASEBALL PITCHERS

Introduction

Elbow and shoulder injuries among baseball pitcheedl levels of competition
are a serious problem, with recent data indicatimg injury rates are on the ris&->3%%°
With approximately 27,000-45,000 collegiate playamd over 4.5 million total
participants in organized baseball each year, fiigavays to reduce the incidence of
injury should be a primary objective of sports noétg professionals’ "8

Specific injuries at the elbow and glenohumerait®have been linked to several
kinetic variables that occur during the throwingtion. Medial elbow injuries, such as
ulnar collateral ligament sprains, are often causedxcessive elbow valgus and
shoulder external rotation torques occurring dutimglate-cocking phase of
throwing®2227:28:31-33.80.9298 the glenohumeral joint it is theorized thatexial rotation
torque during the late arm-cocking phase and distra forces during the deceleration
phase contribute to tears of the labrtint->"#?Additionally, it is believed that the peak
distraction force generated during the arm dectterghase also contributes to rotator

cuff pathologieg;!0:27:3153.57.58



Previous research has linked elbow and shoulderi@g to a variety of risk
factors, including pitch volum®:®?increased innings pitched in a calendar y&&,

1,34,55

increased body ma&$pitch type? and number of months pitched per y&avlore

recently, ball velocity has been examined as ailplesssk factor for injury*284462.72
Increased ball velocity has been identified aslafactor for elbow and shoulder injury
in adolescent pitchersand elbow injury in professional baseball pitcitetdowever,
very little research has been done to directly erarthe relationship between ball
velocity and the kinetic variables that have beeplicated to contribute to injuries at the
elbow and shoulder. Therefore, the purpose ofdfidy was to examine the correlation
of ball velocity with elbow valgus torque, shouldeternal rotation torque, and shoulder
distraction force in a group of NCAA Division | ¢ediate baseball pitchers. Our
hypothesis was that ball velocity would have a nmatdepositive correlation with elbow
valgus torque, shoulder external rotation torque, shoulder distraction force.
Methods
Participants

Sixty-severNCAA Division | collegiate baseball pitchers (agd 5 + 1.2 years,
height = 186.2 + 5.7 cm, mass = 86.7 £ 7.0 kg,ig8t+thanded, 19 left-handed)
volunteered to participate in this study. Exclustoiteria included any upper or lower

extremity injury within the previous 3 months olydristory of upper or lower extremity

surgery.



Procedures

Each participant provided informed consent as @t by the institutional
review board before beginning their testing sessiamotion analysis laboratory. In
addition, height, mass, radius length, humerustkerand medical history were recorded.

Participants then completed their preferred warmewpine. This routine was not
standardized but was chosen by each participaetoas their preferred warm up
routine, which generally consisted of various statid dynamic stretches, flat ground
throwing exercises, and pitching drills. Followiwgrm-up each participant had 1.27cm
diameter spherical reflective markers (Motion AsgyCorporation, Santa Rosa,
California) placed over 26 anatomic landmarks kheortto record motion capture
data®®*%*Markers were placed bilaterally at the lateraldipghe acromions, lateral
humeral epicondyle, anterior and posterior hip, islezhd lateral epicondyle of the
femur, medial and lateral malleoli, between theosdcand third metatarsal heads, and
calcaneus. Markers were also placed on the radéhUbnar styloids and third metacarpal
on the throwing arm. Additionally, participants wa hat with markers placed on the left
side, right side and top of the head. The marker®wecured with electrode collars and
tape and participants pitched with no shirt andewvearing spandex shorts in order to
prevent excessive motion of the markers. Afterradlrkers were secured, the subjects
then concluded their warm-up by throwing as manghgis as desired to acclimate
themselves to the indoor testing facility.

For data collection, participants pitched off aulagjon collegiate indoor pitching
mound (Osborne Innovative Products, Inc. Jaspdratra). Each participant threw
fastballs off the mound towards a regulation diséafi8.4m) strike zone target. Testing
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was concluded following the collection of 5 reprasgive fastball trials, excluding
pitches thrown out of the strike zone and pitclhes tvere self-determined to be not
representative of that pitcher’s typical throwingehanics. An investigator stood directly
behind the target strike zone in order to recotchgiocation and measure ball velocity
using a radar gun (Stalker Sport, Plano, Texas).aMerage of the 3 highest velocity
fastballs thrown for strikes were used for datdysis

Each pitch was recorded using 8 electronically bymtized high-speed (240 Hz)
Eagle digital cameras (Motion Analysis CorporatiSanta Rosa, California).
ExpertVision software (Eva 6.0, Motion Analysis @oration) was used to track the
reflective markers and three-dimensional coordidata were determined via direct
linear transformation. Joint centers of the shauédel elbow for both the throwing and
non-throwing arm were estimated using previouskcdbed method¥ Data were
filtered with a Butterworth fourth-order, zero-ldgital filter (cutoff = 10 Hz). Kinetic
data at the elbow and shoulder were calculatedyusgthods described by Feltner and
Dapend” Forces were expressed as percent body weighbamalets were expressed as
percent body weight times height in order to noreeatlata for between-subjects
comparison. The peak value for each variable (elagus torque, shoulder external
rotation torque, shoulder distraction force) wasnie by averaging the peak values from
the 3 highest velocity fastball trials.
Statistical Analysis

A Pearson’s correlation coefficient was generapedetermine the relationship
between ball velocity and peak elbow valgus torgheulder distraction force, and
shoulder external rotation torque. Statisticalitgstvas performed with SPSS software

4



(IBM SPSS 20.0, Armonk, NY). Statistical signifie@nwas established a prioripa&
0.05.
Results

Mean and standard deviation values for the groeewa ball velocity of 37.3 £
1.6 m/s (83.5 3.5 mph), elbow valgus torque of 5:7..3 % body weighteight,
shoulder distraction force of 110t016.0 % body weight, and shoulder external rotation
torque of 5.2t 1.0 % body weightheight.

The results of the correlation analyses are dygolan Table 1. A weak positive
correlation was found between ball velocity anduttier distraction forcer(= .26,p =
.02). However, there were no significant correlagibetween ball velocity and elbow
valgus torquer(=.20,p = .05) or ball velocity and shoulder external tiota torque { =
10,p=.22).
Discussion

Contrary to our hypothesis, there was only a wemitiye correlation between
ball velocity and shoulder distraction force. Tb@srelation indicates that very little of
the error variance can be explained by ball vejodihe correlations between ball
velocity and both elbow valgus torque and shouddéernal rotation torque were not
significant. These results indicate that thereodiner variables contributing to kinetic
loads at the elbow and shoulder beyond simply thrgwt a high velocity.

These findings are contrary to much of the previmsearch regarding ball
velocity and joint kinetics. Fleisig et 4l.found that as pitchers went from partial to full-
effort throwing and increased their ball velocigyveral kinetic variables including elbow

varus torque, shoulder internal rotation torquel, stmoulder compressive force also
5



increased® However, these authors also reported that sekierainatic variables
changed as well, such as maximum glenohumeralredtestation during the late arm
cocking phase and elbow flexion angle at the moraéstride foot contact. These
alterations in motion create the question of whethe increases in shoulder and elbow
forces are a result of the increased ball veloailtgred kinematics, or both. In a separate
study, Fleisig et al* showed that elbow varus torque, shoulder intewtation torque,
and shoulder compressive force increase significaidng with ball velocity as
competition level increasé§However, there were also significant kinematidedéfnces
between the competition levels, including elbowif® angle at stride foot contact and
maximum upper torso velocity during the arm cockahgse. The weak correlation found
in our study suggests that the increased forcesisdbese two studies are most likely
due to variations in kinematics. Hurd ef‘4is the only study, to our knowledge, that
directly examined the relationship between balbu#) and kinetics across participants
of a similar competitive level. Their results shabat increased ball velocity was
positively associated with increased adductionysamoments at the elbow among high
school pitcheré?

Several studies have appeared to link highenieddicities with injury risk:%°?
Bushnell et af? found a significant association between incredsgldvelocity and risk
of elbow injury in a group of professional baselpitthers'? Additionally, Olsen et &i?
found increased ball velocity to be one of mank fators for elbow and shoulder
injuries in a sample of adolescent pitcH&rdowever, these previous studies did not
assess pitching kinematics. Conversely, our resulfgest that other variables play a
bigger role than ball velocity in the increasedirgjrisk seen in these studies.
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The concept of certain pitching mechanics beingenedficient and contributing
to decreases in forces at the elbow and shouldeellssupported by resear¢fi®6477:82:84
Aguinaldo et af showed that pitchers who displayed late trunktianareduced
shoulder external rotation, and increased elbowdteexperienced decreased elbow
valgus loads.Oyama et ai? found pitchers who exhibited excessive contrateunk
tilt during the pitching motion had increased elbprwximal force, shoulder proximal
force, elbow varus moment, and shoulder intern@itian momenf? Interestingly,
pitchers with excessive contralateral trunk tilthat study also threw with significantly
greater ball velocity, but those increases in viglogere not significantly correlated with
any kinetic variables besides shoulder proximaté8t Increased time within certain
phases of the pitching motion, such as the time fstride foot contact to peak pelvis
angular velocity, was shown to decrease both Jditetics and ball velocity’ Decreased
shoulder abduction at stride foot contact, decibasak shoulder horizontal adduction
angular velocity, increased elbow flexion, and @ased external rotation torque were
shown to be responsible for 97% of the varianageicreasing elbow valgus torque by
Werner et af* In a separate study Werner ef%dentified ten kinematic and kinetic
variables that accounted for 89% of the variancghwulder distraction
force.<sup>82</sup> Finally, Davis et’atientified five pitching parameters that when
successfully performed led to decreases in hunmeexhal rotation torque and elbow
valgus load. Pitchers of all ages can be instructed in these mfficient mechanics with
the goal of increasing performance and reducingistkeof injury.

There are several limitations worth noting in etudy. Kinetic calculations are
based in part from estimated body segment masseslai/ers, which may not accurately
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represent the body segment masses of the youngpé&syatic participants examined in
our study. There is also an unavoidable amounkiofreovement where each reflective
marker is placed. However, efforts to minimizesttmovement were conducted and
numerous previous studies using similar methodolaye been published in various
peer-reviewed publications using the same techrfitié?3°313{t is also interesting to
note that our mean value for shoulder distractayod was higher than had been
previously reported> Werner et af® found an average peak shoulder distraction force
value of 81 + 10 (% body weight) in a group of 48ege baseball pitchers compared to
our value of 110.@ 16.0 (% body weight}®> However, this difference may be simply
attributable to differences in subjects, as thenwieet af° study recruited from all
divisions of NCAA college baseball, not just Diwisil like in our study?® Furthermore,
our study only examined asymptomatic pitchers,timgithe conclusions that can be
inferred about injured pitchers. In addition, tlesults of this study may not apply for
youth, adolescent, and professional pitchers. Kinidlis possible that there are many
variables contributing to the relationship betwgent kinetics and ball velocity, which
limits the conclusions that can be drawn from aealation analysis.
Conclusion

The results of our study indicate that there iy Vittle association between ball
velocity and several kinetic variables at the ell@wl shoulder joints in Division |
collegiate baseball pitchers. While a weak positiogelation was found between
shoulder distraction force and ball velocity, ngngiicant association was seen between
ball velocity and elbow valgus torque or shoulddemal rotation torque. These results

support previous studies that have shown otheofscsuch as pitching mechanics,
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contribute more significantly to increases in jdintetics than ball velocity. Future
studies are necessary to determine what mechamiecaast effective at minimizing

kinetic loads at the elbow and shoulder.
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Tables

TABLE 1. Correlation of Kinetic Variables with Ball Velocity

Variable Mean = SD r p
Elbow valgus torque 5t71.3 (%o BWAHGT) .20 .05
Shoulder distraction force 116.06.0 (%BW) .26 .02*
Shoulder external rotation torque  %.2.0 (%BW<HGT) .10 22

*Statistically significant correlatiom(< .05).
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CHAPTER Il

LITERATURE REVIEW

I ntroduction

The baseball pitching motion is perhaps the mgsadhic motion in all of sports,
requiring the body to generate incredible rotatimadocities and imparting large forces
on both the elbow and the shoulder jofiit¥°*">"°As such, the bones, capsules,
ligaments, and muscles that constitute the anatdfrttye eloow and shoulder joints must
withstand these large forces or injury will occlinerefore, it is no surprise that elbow
and shoulder injuries among baseball pitchersl &\als of competition are a serious
problem, with recent data indicating that injurjesaare on the rise:**#"%3ith
approximately 27,000-45,000 college players and dv& million total participants in
organized baseball each yéar! 3*finding ways to reduce the incidence of injurgis
primary objective of sports medicine professionals.

Multiple risk factors for injury in baseball pitcigehave been identified, including
increased pitch volume, increased innings pitclexdccplendar year, increased body
mass, pitch type, and number of months pitched/ger'*2%3!>2>More recently, ball
velocity has been examined as a possible risk féatonjury.*?2>4*%®jncreased ball
velocity has been found to be associated with elinguvy in professional baseball

pitchers™® Additionally, in adolescent pitchers increased belocity was shown to be a
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risk factor for elbow and shoulder injurigsStudies have indicated that various kinetic
variables such as elbow varus torque, shoulder oessve force, and shoulder anterior
force increase within subjects along with ball witlpas effort level is increaség®®
However, only one study to our knowledge has dyestamined the relationship
between ball velocity and elbow kinetics acrosgemtb?* This study found a positive
association between elbow adduction (varus) momeditoall velocity in a group of high
school pitcheré! Additionally, there has been little research exdng the relationship
between shoulder kinetics and ball velocity.
Anatomy
Elbow Joint

The elbow joint complex is formed by the distal reros, proximal radius, and
proximal ulna->33*>4%"°rhe elbow complex actually consists of three sapar
articulations: the humeroulnar, radiohumeral (@ligeapitellar), and proximal radioulnar
jOintS.4’33'35’40’70

The humeroulnar joint is a diarthrodial, uniaxtahge joint that provides the

motions of flexion and extension and is formedHtwy articulation between the proximal
ulna and distal humerds33>" The humeroulnar joint has been described as afienhd
hinge joint due to a small amount of internal arteémal rotation that occurs at the end-
range of flexion and extensiéi’ The radiohumeral (or radiocapitellar) joint isrfeed
by the articulation of the radial head and a pathe distal humerus known as the
capitellum?3**>"°The radiohumeral joint is a diarthrodial, uniaxiiht, similar to the
humeroulnar joint, but it is both a hinge and pijpnt due to its function in assisting the
flexion and extension motion of the humeroulnani@s well as the pronation and
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supination motion of the proximal radioulnar joifit° The proximal radioulnar joint is a
diarthrodial, uniaxial, pivot joint that consistbthe convex radial head rotating within
the concave radial notch of the ulna and workimunction with the distal radioulnar
joint to produce pronation and supination of thefom?33>"°

Static stability of the elbow joint is created oty by the highly congruous bony
anatomy, but also from ligament complexes on bla¢hntedial and lateral sides of the
joint. 143335403878 ha |ateral ligament complex consists of the dacbéateral ligament,
lateral ulnar collateral ligament, accessory ldteoflateral ligament, and the annular
ligament®*>4°"°The radial collateral, lateral ulnar collateraidaccessory lateral
collateral ligaments all provide stability agaimatus stresse$:>>*°**"9n addition, the
lateral ulnar collateral ligament prevents posterhal rotary instability of the
elbow?33*4%7°The annular ligament is a tight fibrous band gatounds the radial head
and aids the radius in smooth pronation and supmat addition to preventing distal
distraction of the radial hedd>>"°

Of primary concern in the overhead athlete is tleelial ligamentous complex of
the elbow, also known as the ulnar collateral ligat(UCL)#12:3233:35:37.4056.%ha yCL
is made up of three ligament bundles: the antettigue ligament, the posterior oblique
ligament, and the transverse ligam&nt-33*>374%"§he anterior oblique ligament is the
primary stabilizer against valgus stress at thewlbetween 20 and 120° of elbow
flexion, making it the main ligament stressed dgttine throwing motiori?%3"4%t
originates on the inferior surface of the mediatepdyle of the humerus and inserts on
the coronoid process of the ulff2>*""°The anterior oblique ligament can be further

divided into the anterior and posterior baf¥.”°The anterior band is taut and resists
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valgus stress until about 90° of elbow flexion #mel posterior band is taut and resists
valgus stress from 60 to 120° of elbow flexiri”"°The posterior oblique ligament of
the UCL originates on the medial epicondyle oftiaenerus and inserts on the olecranon
process of the uln&:*=""°The posterior oblique ligament is taut in elboexfbn after

90° but does not significantly contribute to valgasbility unless the anterior oblique
ligament is completely rupturéd3**>3""°The transverse ligament both originates and
inserts on the ulna and thus does not provide apg@t against valgus stress at the
elbow.32’33’35’37’70

There are four main groups of muscles that craselihow joint: the elbow
extensors, the elbow flexors, the wrist extensgirgator group, and the wrist flexor-
pronator groufd:****"®The elbow extensors are found posteriorly anduhelthe triceps
brachii and anconeus muscfeg:**"®The elbow flexors are found on the anterior aspect
of the elbow and include the biceps brachii, bradialis, and the brachiafig>#%"°

The wrist extensor-supinator group originates onear the lateral epicondyle of the
humerus and includes the extensor carpi radiadigiband longus, supinator, extensor
digitorum, extensor carpi ulnaris, and extensopicaninimi.****%"°Finally, the wrist
flexor-pronator group is found on the medial aspét¢he elbow originating on or near
the medial epicondyl&>**°"This group includes the pronator teres, flexopiceadialis,
palmaris longus, flexor carpi ulnaris, and flexagitbrum superficialig'>34°"°

Collectively, the flexor-pronator group providesdynic stability against valgus stress at
the elbow!?3"4%%2n particular, the flexor carpi ulnaris has bebown to be the primary
dynamic stabilizer to valgus stress at the elboith the flexor digitorum superficialis

serving as the secondary dynamic stabilf2&f.
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There are three primary nerves that cross the ejbmi the radial nerve, the
median nerve, and the ulnar nef¥é° The radial nerve crosses over the lateral asgect o
the elbow joint between the brachioradialis andhbialis muscle$>’° The radial nerve
then continues distally under the brachioradialissahe and provides sensation to the
dorsolateral wrist and dorsal surface of the finsee and a half digits*"°It innervates
the triceps, anconeus, and the majority of theresctesupinator group®>’°The median
nerve crosses the elbow anteriorly just lateralshe brachial artery.° It then passes
through the two heads of the pronator teres befaxelling down the anterior forearm
and finally through the carpal tunnel into the hah® The median nerve is responsible
for motor innervation of the flexor-pronator growgih the exception of flexor carpi
ulnaris and flexor digitorum profundd$> It also provides sensory function to the
lateral palmar aspect of the hand and the palméaiof the first three and a half
digits**>"°The ulnar nerve passes through the cubital tunméhe medial aspect of the
elbow before passing through the two heads ofléx®ff carpi ulnaris during its path to
the hand>’° The olecranon process of the ulna and the megliiebedyle of the humerus
form the cubital tunnel, with the cubital tunneiimaculum serving as the roof of the
tunnel®"°In elbow flexion the ulnar nerve is compressedinithe tunnel and placed
under tension around the medial epicondyle, whidhests the nerve to trauma with
valgus forces at the elbot>"°This puts the ulnar nerve at risk for injury ineohead
athletes**>°The ulnar nerve innervates the flexor carpi ukarid flexor digitorum
profundus and provides sensory function to the alettirsal and palmar aspects of the

hand and last digit and a haf>™®

19



Glenohumeral Joint

The shoulder joint technically consists of threats the glenohumeral joint, the
sternoclavicular joint, and the acromioclaviculzini.*>*®"*However, the glenohumeral
joint is often referred to as the true shouldentj@nd is of primary concern when
discussing the overhead athlét@he glenohumeral joint consists of two bones, the
humerus and the scapdfe®® "*Together with the clavicle these bones comprise th
shoulder girdle, which is attached to the axialetom via the sternoclavicular joift*®"*
The glenohumeral joint is a ball and socket joortfed by the articulation of the
humeral head with the glenoid fossa of the scapufa’ The glenohumeral joint is
considered the most mobile joint in the human bdy2*The joint is capable of flexion
and extension, abduction and adduction, interndleasternal rotation, horizontal
abduction and horizontal adduction, and circumauncti**"*The combination of these
motions allows for the incredible amount of molyilseen at the glenohumeral
joint.*>3%"18However, this excessive mobility comes at the aspef glenohumeral
stability>*®"#*The humeral head is approximately three timesite of the glenoid
fossa, creating an inherent lack of bony stabilityhis joint>**"*#Due to this lack of
bony stability, the passive and dynamic structofdbe glenohumeral joint play an
important role in providing stability to the joifit?336:39.67.71.72.80.84

Several passive structures contribute to stalalityhe glenohumeral
joint.1>#330.67.7L.7284 ha glenoid labrum is a fibrocartilage rim attathe the glenoid
fossa that serves to deepen the shallow glenogifasd increase glenohumeral joint
stability1>*®"18The glenoid labrum blends with the glenohumegarients and serves
as the attachment point of the long head of thegsidendor®>**"**Damage to the
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glenoid labrum can result in recurrent instabiéitythe shoulder due to disruptions of
these attachments to the glenohumeral liganféfita.he humeral head is surrounded by
a joint capsule that is roughly twice the volumehef humeral head, which allows for a
wide range of motion at the glenohumeral jdfit2"**The capsule originates from the
glenoid fossa and glenoid labrum and is reinfoltmgthe glenohumeral ligaments and
the tendons of the rotator cuff musclés®’*#The negative intra-articular pressure
created within the joint capsule creates a suatigmiike effect that contributes to joint
stability *>%°

There are three glenohumeral joint ligaments: theesor glenohumeral ligament
(SGHL), middle glenohumeral ligament (MGHL) andanbr glenohumeral ligament
(IGHL).1°>23:3667.71.728¢ hage three ligaments are not true ligamentsather thickenings
in the joint capsulé>**°""18The SGHL originates at the superior glenoid tuleetbe
superior glenoid labrum, and the base of the cadgmmcess and attaches to the humerus
superior to the lesser tuberosity®’*The SGHL prevents inferior translation and
external rotation of the glenohumeral joint witle fumerus in 0° of abductign?®7*748°
The MGHL originates on the anterior border of thengid fossa and inserts on the
medial aspect of the lesser tubero$ity?"*The MGHL functions to prevent
glenohumeral external rotation with the humerusuabet! to 45%>2%71728%rhe |IGHL is
made up of an anterior and posterior band, witkaltary pouch connecting the two
bands and running underneath the humeral head lile@nmocK>*¢"*#The anterior
band originates on the anteroinferior labrum amaches at the lesser tuberosity of the
humerus->*®"*The anterior band serves to stabilize againstiantend inferior humeral

head translation when the humerus is in the thrgwsition of approximately 90° of
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abduction and external rotatiotz>"*"#%%The posterior band of the IGHL originates on
the posteroinferior labrum and attaches to the éthe humerus>®*"!It serves to
prevent glenohumeral internal rotation with the leons abducted 90°s and also prevents
inferior displacement of the humeral head withhibenerus at 90° of
adeCtiOHJZS’Zg’?l'?z’SO

There are several unique anatomical adaptatiomsisgke glenohumeral joint of
the overhead athlefe®!*47%0.548nthletes who participate in a large volume of dnead
activities, such as baseball pitchers, have beewrsho have bilateral differences in
glenohumeral range of motidr’***"°%%4®\1ore specifically, these athletes present with
an increase in glenohumeral external rotation wittoncurrent decrease in glenohumeral
internal rotation in their throwing arnfs 144795484t js pelieved that these differences
in range of motion are due to both osseous anetissfie adaptatiorfs 447096454t has
been shown that athletes who participate in ra@petitverhead activities have increased
retroversion of the humeral head and glenoid iir theowing arm compared with their
non-throwing arm and compared to control groupsdichnot participate in overhead
activities®1447 0984881 hjg increased retroversion allows for the humkesld to remain in
contact with the glenoid through a larger rangexdérnal rotation before being
constrained by the anterior capstilé’°>4®qt has also been theorized that tightness of
the posterior glenohumeral joint capsule and pmstestator cuff musculature also
contributes to changes in range of mofiéhlt is believed that the repetitive micro-
trauma of throwing creates a contracture of theéguims joint capsule and rotator cuff

due to the build up of fibrotic scar tisst.This contracture of the posterior soft tissue is
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believed to shift the humeral head into a positbmcreased external rotation and
decreased interrnal rotati6fi’

The glenohumeral joint depends on several muselpsavide the wide range of
motions seen at the joint and to provide dynanabisty.'>3¢"1%%84The rotator cuff
muscle group consists of four muscles that origirwat the scapula and insert on the
humeral head®>>®"#The four muscles of the rotator cuff are the ssipiratus,
infraspinatus, teres minor, and subscapufari$/**°As a group, the rotator cuff muscles
work together to provide dynamic stability to tHergphumeral joint by compressing and
centering the humeral head within the glensitf."*%*#/Additionally, contraction of the
rotator cuff depresses the humeral head during halrabduction to ensure that the
humeral head passes smoothly under the acromi8i!®*®*The supraspinatus,
originating from the supraspinous fossa of the slzapnd inserting on the superior facet
of the greater tuberosity on the humerus, actbdwet the arm in the plane of the
scapula>3*"*8%The infraspinatus originates in the infraspincessh of the scapula and
inserts on the middle facet of the greater tubgrasi the humeru&:2*"*#t functions
along with the teres minor to externally rotate hlenerus:>>®"**°The teres minor
originates on the axillary border of the scapuld mserts on the inferior facet of the
greater tuberosity on the humeras®’*®The subscapularis is the only rotator cuff
muscle originating on the anterior aspect of trapata’>>%"*#%t runs from the
subscapular fossa of the scapula and inserts degker tuberosity of the humerus and
serves to internally rotate the humetti®"*#°Although not technically a part of the
rotator cuff muscle group, the long head of thepgcalso deserves mention as a dynamic
stabilizer of the glenohumeral joifft’* The long head of the biceps originates from the
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glenoid labrum near the supraglenoid tubercle and through the intertubecular groove
to merge with the short head of the biceps and thilermuscle belly of the biceps
brachii, ultimately inserting into both the radiaberosity and bicipital
aponeurosi&*®°%>*"18%8h ring the late cocking phase of throwing the Ibiegd of the
biceps contracts and prevents anterior translainmhexcessive external rotation of the
humeral head®"*

There are several more muscles acting at the glenetal joint beyond just the
rotator cuff muscle$>*®"*The deltoid muscle can be divided into antericddte, and
posterior segments, which originate on the latelealicle, acromion process, and spine
of the scapula, respectivel§’* All three segments of the deltoid insert on thkoifs:
tuberosity of the humeral head and as a groupaatvduct the humerd&’* Individually,
the anterior deltoid flexes the humerus, the mididlikoid abducts the humerus, and the
posterior deltoid extends the humetti§ The pectoralis major originates on the medial
clavicle, the sternum, and the fifth and sixth @ogl inserts on the lateral lip of the
bicipital groove of the humerd§."* Pectoralis major acts to adduct, horizontally addu
and internally rotate the humertis* The latissimus dorsi adducts, extends, and
internally rotates the humerts’* It has a wide origin across the lumbar spine,
thoracolumbar fascia, and iliac crest and attaomethe intertubercular groove of the
humerus®’ The teres major is also known as the “little latiscle due to its similar
action of humeral adduction, extension, and intertation®"* Its origin is at the
inferior angle of the scapula and it inserts onrtfesial lip of the intertubercular groove

of the humerug® ! Finally, the coracobrachialis originates on theacoid process and
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inserts on the anteromedial surface of the cehtralerus’®’* The coracobrachialis
serves as a flexor and adductor of the glenohunjmral*®"*

Although not technically a true joint, the scaphtmtacic articulation is vital in
proper function of the glenohumeral joint and theserves mentioft;*4849718he
articulation consists of the space between the@opwsterior thoracic rib cage and the
concave surface of the anterior scagtifehe scapula serves as the base from which
humeral movement occurs, so without proper scapatatic function, proper
glenohumeral joint motion will not occti**"*#The muscles of the scapulothoracic
joint must dynamically stabilize the scapula toyade optimal length-tension
relationships for the muscles of the glenohumeriakf®**®°The scapulothoracic
muscles also function to provide proper scapulationan order to ensure that the
humeral head clears the acromion process durimphleneral elevatioft*®**"*The
scapulothoracic muscle group consists of the tiapethe rhomboids, levator scapulae,
serratus anterior, and pectoralis mifgt?: "+

The trapezius is a large kite-shaped muscle onpper back consisting of upper,
middle, and lower portion€:"* Each of these portions of the trapezius has unique
functions and should thus be considered as if ievaeseparate muscie’* The upper
trapezius fibers originate from the occipital ptmttance and the nuchal ligament and
insert on the lateral clavicle, acromion processl, spine of the scapufa’* These fibers
act to upwardly rotate and elevate the scapifi&®°The fibers of the middle trapezius
originate from the spinous processes of C-7 throlxghand inserts on the acromion
process and the lateral spine of the scapulaThe middle trapezius is responsible for

retraction of the scapuf&’*®Finally, the lower fibers of the trapezius origiman the
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spinous processes of T-3 through T-12 and inserte® medial spine of the scaptitd?
The lower trapezius plays an important role indlierhead thrower, as it is responsible
for upward rotation of the scapula as the humebasiets above 90%*° It also works to
depress and retract the scaplild:**The rhomboids consist of rhomboid major and
rhomboid minor and together they work to elevate @atract the scapuf&:’*®
Additionally, rhomboid major assists in downwardat@n of the scapul&*°
Rhomboid major runs from the spinous processefdhiiough T5 to the superior medial
angle of the scapuf&:"* Rhomboid minor originates from the spinous proesss C-7
and T-1 to insert on the scapula near the medialdr®f the scapular spifié’* As its
name implies, the levator scapula elevates theusgaps well as assisting in scapular
downward rotatiori®"®°The transverse processes of C-1 through C-4 saritee origin
point for the levator and it inserts on the supesiogle of the scapuf&.’* The fan-like
serratus anterior muscle originates from the amtespects of the first nine ribs to insert
along the entire medial border of the scaptifdThe main role of the serratus anterior is
fixation of the vertebral border of the scapulacoifite thoraxX®’* Additionally, the
muscle assists in scapular protraction and upwatedion>®"#A final scapulothoracic
muscle worth mentioning is pectoralis minor. Oraging from the anterior aspects of
ribs 3 through 5 and inserting on the coracoid @ss®f the scapula, the pectoralis minor
protracts and downwardly rotates the scapula®
Biomechanics of Baseball Pitching
Overhead Throwing Motion

The act of pitching a baseball is one of the ndgsiamic motions in all of sports,
requiring total body coordination in order to imiptre baseball with the greatest possible
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velocity 22> Pyring the acceleration phase of the throwing omtthe humerus
internally rotates at over 7000°/second, makirtgethighest recorded angular velocity in
any human motiofi>*>>**"*The baseball pitching motion utilizes the summat
momentum principle to generate and transfer enieogy larger body segments such as
the legs and torso up the kinetic chain to smakgments such as the shoulder, wrist,
hand, and ultimately imparting this energy to th#.§°>>°'The pitching motion is
broken down into six discrete phases: wind-upgdstrarm-cocking, arm acceleration,
arm deceleration, and follow-throudt?!28>%7>79

The wind-up phase begins when the athlete ingiatetion and ends when
maximum leg lift of the stride leg is achiev&d?3>>®1"*The purpose of the wind-up
phase is to prepare the pitcher to begin his matwomrds the platé®>>°>">The pitcher
begins by facing home plate and steps back witlstiiige leg while the foot of the stance
leg is aligned parallel against the pitching rubBérhe pitcher then shifts their weight
onto the stance leg and flexes the stride legrhjréperation for the pitcher to begin
their motion towards the plat&’Muscle activation of the upper extremities is vieny
during this phase as the majority of the motionsuagng are in the lower
extremities?H?8:43°57°

The stride phase begins at maximum leg lift ofdtngle leg and ends at the
moment of stride foot contatt?>?4°>"*The purpose of the stride phase is to generate
linear velocity of the body towards home pl&té% During this phase the hands separate
as both shoulders abduct and the throwing shobleigins to externally rotat&**">By
the moment of stride foot contact the ground tmewing arm should be in the “90-90”

position of 90° shoulder abduction, 90° shoulddgemal rotation, and 90° of elbow
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flexion.'®#2>>%1"ring this phase the deltoid and supraspinatehighly active in
order to adbuct the shouldgr’®>°>Additionally, the teres minor and infraspinatusjie
to activate in order to compress and stabilizehtiraeral head within the glenditi?®>°
The trapezius and serratus anterior are also hagttlye as they upwardly rotate the
scapula to accommodate the abduction of the huni&féis

The purpose of the arm-cocking phase is to positiershoulder in maximum
external rotation and retraction in preperationdoceleration of the arft*® The arm-
cocking phase begins at stride foot contact and arien maximum external rotation of
the shoulder is reachéU?®°>">While the shoulder is externally rotating and ‘kiog
back” during this phase the rest of the body betpmeove forwards towards the
plate!®21288L.7n¢ foot contact the quadriceps contracts to stogekflexion and stiffen
the stride led® As the stride foot makes contact and the strigédestabilized, the pelvis
begins to rotate towards the plate, with torsotrataoccurring soon
afterwards®?*#®1"°The rhomboids, serratus anterior, trapezius, @utbpalis minor
are highly active during this phase in order tgoemty position and stabilize the scapula
so it can serve as a stable base for the hum&fti$’The rotator cuff, long head of the
biceps, and triceps are all very active during finase in order to stabilize the
glenohumeral joint and resist the large distraclibrees generated as the arm cocks back
while the pelvis and torse rotate forwafd®>°The pectoralis major, subscapularis, and
latissimus dorsi all are highly active during thlsase to provide an internal rotation
torque which slows the rapid external rotationhef glenohumeral joirft:%®4*°°At the
elbow, the wrist flexor-pronator group and thedps and anconeus are all highly active
in order to provide a varus torque to counteraetiéinge valgus torque at the elbow seen
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at maximum shoulder external rotatiSH?> At the end of the arm-cocking phase the
shoulder will typically be externally rotated beeme150-180° and abducted between 90-
100° with the elbow flexed between 90-100° as welf:>>**

The arm acceleration phase consists of the timegdsst maximum external
rotation of the shoulder and ball reled$&.%%%-"During this brief time peiod, typically
lasting only 2% of the total time of the pitchingption, the arm begins to rapidly
internally rotate as the kinetic energy generatethb rotation of the pelvis and torso is
transferred to the should®® The rectus abdominus and obliques are highly activ
during this phase as they flex the trunk forwartbkeball releasé® The velocity of this
shoulder internal rotation has been measured nip@here in the range of 3340 m/s to
9198 m/s, making it the fastest recorded humanan6ti®>®*The shoulder internal
rotators, consisting of the subscapularis, peasnahjor, and latissimus dorsi, are highly
active during this phase in order to produce thisrnal rotation velocitg*?®****The
rhomboids, trapezius, and serratus anterior coatiathave a high level of activity in
order to stabilize the scapufa?®**>*The energy produced by the sequential rotation of
the pelvis, torso, and shoulder continues to trapethe kinetic chain, causing rapid
elbow extension followed by wrist flexion and prtina, which propels the ball towards
the target®2%®'This rapid elbow extension is controlled by laegeentric activity of the
biceps brachii, brachialis, and brachioradi&li§ The contraction of the long head of the
biceps brachii also serves to help stabilize andige a compressive force to the
glenohumeral joint!?®

The next phase is the arm deceleration phasehvgeives to slow down the
throwing arm and safely dissipate any energy thest mot transferred to the ball at ball
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releasé'?®>>®'The deceleration phase begins at ball releaserasiwhen the shoulder
reaches maximum internal rotatitr?®>>®*During this phase the shoulder remains
abducted at around 90° and begins to horizontaltjuet across the bod§>>*'The
posterior shoulder musculature, including the sraatus, teres minor, and latissimus,
are extemely active during this phase as they #gcalty contract to slow both humeral
internal rotation and horizontal adducti@rf®***>*The rapid elbow extension seen in
the acceleration phase is slowed by continued égceontraction of the elbow flexors,
with the elbow stopping just short of full extensf8 The wrist extensors are also highly
active during this phase as they work to eccenlyistow wrist flexion”®

The final phase of the throwing motion is the falithrough phasé®?>>61.7%.79
This phase begins at maximum shoulder internatiostand ends when the arm has
stopped moving across the body and the motioneopitcher’s body has
ceased®#°>%1The purpose of the follow-through phase is tosfinilissipating the
stress and energy from the previous phases aritbtothe pitcher to get into a good
defensive position®?®°During this phase shoulder abduction decrease$fanizbntal
adduction increases as the arm lowers and crdssdmty'®2%°>*'Muscle activation at
the shoulder and elbow gradually decreases tmrekvels?®>° Additionally, the stance
leg is lifted and carried forward to land nexthe stride leg, putting the pitcher in a
balanced stance facing the platé
Elbow and Shoulder Joint Kinetics During The PihghMotion

Due to the extremely dynamic and violent naturéghefpitching motion, both the
elbow and shoulder are subject to large forcest@mpies throughout the
delivery?*237>®t s important to understand when and where theses occur within
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the pitching motion in order to better understdmel pathomechanics of specific injuries,
which will be discussed latét:?®#°">85jnce forces at the elbow and shoulder are
minimal during the first two phases of pitching dtup and stride), only the forces seen
during the final four phases (arm-cocking, acceiena deceleration, follow-through)
will be discussed??>28-3075

As the shoulder rapidly approaches maximum eateotation during the arm
cocking phase, a large internal rotation torqus exprevent the shoulder from over-
rotating?®426.2% "8 here is also a large horizontal adduction tongreeluced at this
time to prevent uncontrolled horizontal abductibf®®Additionally, the glenohumeral
joint undergoes large anterior and superior shaaes as the joint reaches maximum
external rotatiorf>?*%2828nt the elbow, a large varus torque is producecbinteract
the valgus torque exerted on the elbow as the deoutaches maximum external
rotation?%:242>28-30.758588 5 the shoulder reaches maximum external rotatierelbow
begins to extend and elbow flexion torque beginad¢cease in order to control the rate
of elbow extensioR%%*7>8°

During the acceleration phase the compressive facting at the shoulder begins
to rapidly increase in order to resist distractdithe glenohumeral joint as the arm is
propelled forward®?**°#External rotation torque, horizontal adductiorgte, and
anterior and superior forces at the shoulder altefEse rapidly during this phaSe®
Elbow varus torque also decreases rapidly durirggghase as the shoulder internally
rotates and moves forwafdl’>*®Peak elbow flexion torque is generated in order to
control the rapid elbow extension, resulting ingm@tion of a large compressive force at
128,24,25,28—30,75,86

the elbow in order to resist elbow joint distraat
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Of the final two phases in the pitching motiore thighest joint kinetics are
recorded immediately after ball release at the sfahe arm deceleration pha$e®®°
During this critical moment peak compressive fatéhe shoulder is produced in order
to counteract the massive distraction force puhershoulder as it rotates forward and
across the bodif:?4%>28.298peak compressive force at the elbow is generatesa
moment for exactly the same read8fi*?>?2%7>8\g the deceleration phase continues
horizontal abduction torque increases until it hescits peak at maximum shoulder
internal rotation (end of the deceleration pha%&§2%2°®Thjs torque acts to prevent
uncontrolled horizontal adduction as the arm cres$ise body° Shoulder posterior force
and inferior force also increase steadily untiltheach their peak shortly before
maximum shoulder internal rotatiéh?**>?%2°#nfter maximum shoulder internal
rotation is reached the follow-through phase betjif%>>**"During the follow-through
phase all upper-extremity joint kinetics returrbeseline as the pitcher’s motion comes
to a reslz.4’28’75'86
Biomechanical Factors Contributingto Injury
Pathomechanics of Medial Elbow Injuries

As previously mentioned, the highly dymanic anolemt nature of the pitching
motion places large stresses on the elbow, paatigubn the medial aspect of the
joint >1224:28,32-34,37,38,41,42.44455L 157118 ries that are of particular concern to thiscée
include ulnar collateral ligament (UCL) spraingxir-pronator muscle mass strains, and
ulnar neuritiS]:2,24,28,33,37,44,51,83

During the late arm-cocking phase the elbow igesilio a large valgus torque

which causes distraction of the medial elbow j&irit:>>28-3%7>888acifically, it has
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been shown that increased valgus torque at the moohenaximum glenohumeral
external rotation is associated with an increaigdfor elbow injury> This valgus torque
is commonly cited as being around 64 N-m but h&slmeeasured to be as high as 100-
120 N-m?*37427>"Fransion of the UCL creates a varus torque thpaim counteracts
this large valgus stre$$?®*"42"™However, cadaver studies have shown that with the
elbow flexed to 90° (the typical position of thé&lv during the late arm-cocking phase)
the UCL only provides 54% of this varus torgde®It has also been demonstrated that
the UCL can only produce a maximum varus torqué2ot + 9.6 N-m before
failing.?*?%3"*?This means that if the assumption of 64 N-m ofjualtorque during the
late arm-cocking phase is accurate, then the 54%sibation of the UCL is near the
maximum capacity before tissue failure on evergtpit**?®3"4?This large tensile stress
placed on the UCL during every pitch can lead tmalative microtrauma and
degeneration of the ligament, resulting in stretghor complete tears of the ligament
over time2!.2,24,28,37,38,42,44,51,63,77,83

The flexor-pronator muscle mass is also a comntero§injury on the medial
elbow 22833374454 his group of five muscles acts as a dynamic kzabiagainst valgus
stress at the elbow joint, with the flexor carpiaris and flexor digitorum superficialis
being recognized as the primary dynamic stabilizet§**®Contraction of the flexor-
pronator mass at the end of the arm-cocking plaseg with stability provided by the
bony articulation, helps to generate the 46% ofvéimeis torque not provided by the
UCL.1224283758rhjg repetitive, high-intensity contraction on Bypitch can lead to
chronic tendinopathies, such as medial epicondyfiti’**Additionally, if the valgus
torque generated during the pitch exceeds the adiie strength of the flexor-pronator
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muscles it can cause acute muscle strains or egtt’ ***!it has been shown that
pitchers with insufficiency of the UCL, defined @amage to the UCL sufficient enough
to require surgery, also present with weakneshaf flexor-pronator muscles, indicating
that either the muscle group is commonly injuredatorently with UCL injury or that a
lack of contractile strength of the flexor-pronatouscles can predispose the medial
elbow to further injury**

The ulnar nerve is also subject to injury duen®large tensile forces placed on
the medial elbow during the late arm-cocking pherse transition into the arm
acceleration phasé?**"**The large valgus stress followed by rapid elboveesion
places the ulnar nerve under tension and can teadlammation of the nerve with
repetitive throwing??**"**The ulnar nerve can also be damaged secondamjuty bf
the UCL or flexor pronator-masé>’ Rupture or insufficiency of the UCL can cause
hypermobility of the ulnar nerve, causing it toatikite out of the cubital tunnel and
become irritated and damag€&d’**Microtrauma to the UCL or flexor-pronator mass
from pitching can cause soft-tissue adhesions t@opsyte formation which can
compress and damage the ulnar nerve within theatubhnel*#?23"44>\Since the ulnar
nerve exits the cubital tunnel between the two beddhe flexor carpi ulnaris,
hypertrophy of the flexor-pronator mass and inipalar the flexor carpi ulnaris can
cause compression of the ulnar ne/&.

Pathomechanics of Shoulder Injuries
The glenohumeral joint is placed under extremeéi orces and loads during

multiple parts of the pitching motidrf*?®#The accumulation of these kinetics can
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contribute to a variety of shoulder injuries, irdikg superior labrum anterior-posterior
(SLAP) tears, rotator cuff strains, and subacroiniglingement:®-428:47.50.54.55.81,82

The glenoid labrum deepens the glenoid fossa emddes a more stable surface
for the humeral head to articulate wittt>’*®Excessive translation and compression of
the humeral head on the glenoid labrum can caasmgeor fraying of the
labrum?*#8>*>>Dyring the arm-cocking phase large anterior/sapdarces are
generated as the humerus moves into externalanfdtf*2>?*2%84f these forces are too
high, translation of the humeral head can occuem@lly causing labral teaf§2%°*
During the arm acceleration phase, the humeruslsagiternally rotates and a large
compressive force acts on the glenohumeral joiptrévent joint distractiof’?***®The
combination of this compressive force and rapidnmil rotation can cause what is
known as the “shoulder grinding factor”, in whid¢tethumeral head grinds against the
glenoid labrum potentially causing a téaf®>°The arm deceleration phase is another
critical moment with the potential to create latiesrs’®>*"®During this phase the
shoulder is subject to a peak compressive foroembination with rising
posterior/inferior shear forces and rapid inteno&tion of the humeru:242>28298¢rha
combination of these forces again creates a shiogtaeling factor and the potential for
labral tearing*2%"°

SLAP tears occur at the insertion of the long hafatie biceps tendon to the
glenoid labrum near the supraglenoid tubetefe* 2 Large forces transmitted through
the biceps tendon put tension on this insertiontpand can eventually pull the labrum
away from the glenoid??42%°%>4>xt the end of the arm-cocking phase when maximum

glenohumeral external rotation is achieved the loegd of the biceps tendon is twisted,
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which alters the line of pull of the bicep?. In this position the biceps helps to internally
rotate the humerus and tension in the tendon ¢anés to the large internal rotation
torque generated at this moment to prevent exaessiternal rotatioft>**>>The tension
on the biceps anchor increases as the arm tramsitito the acceleration phase, with the
biceps contracting to internally rotate the humgcasnpressing the humeral head within
the glenoid, and eccentrically controling elbowesgion®®%1242843543Fhis excessive
torsion placed on the labrum by the contractiotheftwisted biceps tendon during the
transition from the late arm-cocking to the earyacceleration phase is known as the
“peel-back” mechanism>*®SLAP tears are also theorized to occur duringathe
deceleration phase:?*?*>%>During this phase biceps muscle activity has kskewn to
be very high during the deceleration and followetigh phase$-**Peak compressive
force is generated during the deceleration phaparndue to contraction of the biceps,
which acts as a dynamic stabilizer to prevent at$ton at the glenohumeral
joint.#242830>%dqditionally, the biceps continues to eccentrigabntract to control
elbow extension®#12428>45¥he high muscle activity of the biceps causesitenis the
long head of the biceps tendon, which is transohitbeits insertion on the labrum and can
cause a SLAP lesiotr2428:50:5455

Rotator cuff tears in overhead athletes geneoalbur between the posterior mid-
supraspinatus and mid-infraspinatus &'&&®1t is believed that these tears occur due to
tensile overload from the large eccentric forceegated by these muscles during the
deceleration phase of the throwing motfoA*2847°%768L8% ring this phase there is
distraction, horizontal adduction, and internahtimn of the glenohumeral joifit:>>%*
The posterior rotator cuff muscles are highly aetring this phase as they contract
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eccentrically in order to generate a counter-aatmmpressive force, a horizontal
abduction torque, and to control the rate of iraerntation?"**?®°°Thijs repetitive high
tensile load placed on the posterior rotator caff tead to partial or full-thickness tears
Of the mUSC|é.l’24’28'47’55'76'81’82

Subacromial impingement is a condition in whichraating of the subacromial
space causes the compression of one or more supeadlustructures against the
undersurface of the acromion and the coracoacrdigahent’®®#*The most common
suprahumeral structures involved include the tesddrihe supraspinatus and
infraspinatus muscles, the long head of the bitepgon, and the subacromial buf$&.
Subacromial impingement symptoms are often exatasthaith the arm in a position of
flexion, horizontal adduction, and internal rotatidue to the narrowing of the
subacromial space in this positiBtf>>°>During the arm deceleration phase, the humerus
is in a position of forward flexion while it rapidhorizontally adducts and internally
rotates across the bo@?®*°A large inferior force must be generated duririg fihase
to prevent superior translation of the humeral &8> Inability to produce this inferior
force could lead to subacromial impingement ashtireeral head migrates superiorly
and compresses the subacromial space>
Influence of Pitch Type and Velocity on Joint Kiiost

The type of pitch thrown by the pitcher can havarge impact on kinetics at the
elbow and shoulder joints and thus injury f$&’**%4t was long believed that
throwing breaking balls, such as curveballs andkssi, imparted more stress on the
throwing arm and put the pitcher at higher riskifgary.?®?"*°Preliminary research
indicated that among youth pitchers the curvebalt wssociated with an increased risk
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of shoulder pain and the slider was associated avitmcreased risk of elbow path.
These beliefs and research have led to youth gnetethat recommend against throwing
breaking balls until a certain age is reacffed However, biomechanical research
examining the actual joint kinetics generated dywarious pitch types has shown that
breaking pitches may not necessarily impart maesston the shoulder and elbow joints
compared to other types of pitchés’>?

At the elbow, varus torque was actually foundeddwer for the curveball when
compared to the fastball during the late arm-cagkihaseé®>® Additionally, the
curveball produced lower elbow flexion torque aitwbes proximal force during the arm
acceleration phase than the fastbalf: Shoulder internal rotation torque during the arm-
cocking phase was shown to be higher for the figtizn the curvebalt?>® During the
arm acceleration phase, shoulder proximal forcealss higher for the fastball
compared to the curvebafl The results of these studies indicate that thib&#isand not
the curveball as previously believed may put mémess on the shoulder and elbow joints
and increase the risk of injuty’>® Interestingly, for all of the previously mentioned
kinetic variables the change-up produced signitigdower values than either the
fastball or curveball, indicating that it may be tleast stressful pitch on the atiri*>®

Elbow and shoulder joint kinetics are not onlyeafed by the type of pitch
thrown but also by the velocity of the pitth>**®*Ball velocity has also been shown to
be associated with altered kinematic and tempa@mahbles, indicating that variations in
pitching mechanics can alter ball velocify>°%%8%*"§&|bow varus torque and shoulder
anterior force during the late arm-cocking phaseaased along with ball velocity as
pitchers increased their effort levi8lAdditionally, shoulder and elbow compressive
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force has been shown to increase within subjegtstelsers increase their ball
velocity»®®Elbow varus torque, elbow compressive force, sheuanterior force, and
shoulder compressive force have all been showndaease significantly along with ball
velocity as competition level increas€dBall velocity was also positively correlated with
elbow varus torque in a group of uninjured highcstpitchers'* Finally, increased ball
velocity has been shown to be associated withrafgigntly higher risk of elbow injury
in professional baseball pitchers and with bothusther and elbow injuries in adolescent
pitcherst®>*
Summary

Baseball pitching places large forces and torquelsath the elbow and shoulder
joints. These increased joint kinetics have beskell with a variety of elbow and
shoulder injuries. Many risk factors for increag@tetics and injuries in overhead
throwers have been identified, however the linkveetn ball velocity and elbow and
shoulder kinetics is less established. A strongetation between joint kinetics and
velocity might indicate that pitchers who throwhagher velocities are at an increased
risk for injury. Conversely, if there is little a@lation between ball velocity and elbow
and shoulder kinetics it may indicate that pitcreres utilizing efficient mechanics that
reduce the chance of injury. While a positive aggmn between elbow varus torque and
ball velocity was found in a group of high schottpers, little research has been done
with more elite pitchers or to examine the relatitip between shoulder kinetics and ball
velocity. Therefore, the purpose of this study wzasvestigate the relationship of ball
velocity with elbow valgus torque, shoulder extémadation torque, and shoulder
distraction force in a group of Division 1 colleggdaseball pitchers.
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