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ABSTRACT

Justin Andrew Tatman: A Comparison of Shoulder Range of Motion Accounting for
Humeral Torsion in Collegiate Baseball and Softball Athletes

(Under the direction of Dr. Joseph Myers, PhD., ATC)

Objective: To compare range of motion and humeral torsion of the shoulder in
baseball and softball player®esign A cross sectional between groups study design.
Subjects: Fifty-five baseball players (age = 1%3.1) and twenty-eight softball position
players (age = 198 1.2) Statistical Analysis: ANOVA model was used to compare range
of motion and humeral torsion variables across the limbs and groups. Variables dollapse
across limb utilized independent sample t-tests for comparisons. A priori ej@haédt at
.05. Main outcome measure(s)internal rotation, external rotation, horizontal adduction,
and humeral torsionResults: Significant interactions effects were found for internal
rotation, humeral torsion and total range of motion variables. Significantehtfes were
found between sport for GIRD and total range of motion differebigmificance: Softball
players exhibited less pronounced variation in dominant limb range of motion variables.
Both groups demonstrated significant differences in humeral torsion meastseme

Keywords: humeral torsion
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Chapter 1

Introduction

Shoulder and elbow pain are common complaints among overhead athletes that are
often addressed by sports medicine clinicians, as a result of the repetitineeafadverhead
sport. Specifically, repetitive high velocity overhead motions performed @pathplayers
has been suggested to contribute to a higher susceptibility to shoulder injury (Souza 1994;
Altchek and Dines 1995; Fleisig, Barrentine et al. 1996; Kibler 1998; Wilk, Meattd.
2002; Burkhart, Morgan et al. 2003; Burkhart, Morgan et al. 2003; Kibler and McMullen
2003). While the shoulder of the baseball player has received substantial attentten, spor
medicine research assessing the shoulder of the softball player is limijate tesfact that
the prevalence of shoulder injuries in softball players parallels that of Hagbbetes
(Loosli, Requa et al. 1992; Flyger, Button et al. 2006; Wang 2006; Marshall, Hamsita-\Wr
et al. 2007). Although more research focusing on the shoulder of the softball player has
started to appear in the literature (Maffet, Jobe et al. 1997; Barrentineg Ekegdi 1998;
Dover, Kaminski et al. 2003; Hill, Humphries et al. 2004; Werner, Guido et al. 2005; Flyger,
Button et al. 2006; Werner, Jones et al. 2006; Dun, Kingsley et al. 2008), the amount of
literature available on softball injuries still falls far behind that of tteeball player, despite
similar injury incidence.

While softball and baseball exhibit differing pitching motions and participatiorishabi

(pitching frequency and pitch count), the repetitive motion used in both games is tag/prim



factor placing the upper extremity, particularly the shoulder and elbow,hatiskgfor

overuse injuries (Lyman, Fleisig et al. 2002). In addition to pitchers, the posgigerpin
both baseball and softball exhibit high injury patterns to the upper extremitg Bae,

Fleisig et al. 1998; Powell and Barber-Foss 2000). In an analysis of the NGAR inj
Surveillance System data from 1988 to 2004, 45% of all time lost from baseball (facgoract
and games) due to injury were attributed to upper extremity injuries (Baclers et al.

2007). More specifically, shoulder injuries accounted for 23% of the injuries durirtgcerac
and 16% during games for that entire time period. In addition, elbow injuriesrded for 6
-7% of all injuries for both practice and games respectively. Another stublg gbtith
baseball population found that the incidence of elbow and shoulder injury could be estimated
at 26-35 per 100 pitchers per season (Lyman, Fleisig et al. 2001; Lyman, &leikig002).
Analysis of the NCAA Injury Surveillance System data from 1988 to 2004 re\takisgly
similar injury rates for collegiate softball players (Marshadj$tra-Wright et al. 2007).

One third of all softball injuries were located in the upper extremity. Irtiaddshoulder
injuries including muscle-tendon strains and tendonitis accounted for 10% of attgptane
lost. National Athletic Training Association Injury Surveillance detanf1995 to 1997
showed similar injury rates of all reported injuries in softball and basebalh&uider/arm
(19.7% in baseball, 16.3% in softball) and forearm/wrist/hand injuries (24.6% in baseball,
22.3% in softball) (Powell and Barber-Foss 1999). Furthermore, a study of only shoulder
injuries in high school athletics between 2005-2007 indicated that sprains/straesitgur

the shoulder accounted for 55-52 percent of all injuries for both baseball and softbat,(B
Fields et al. 2009 & Dawn Comstock, 2009). The same study also indicated that the

throwing motion was twice as likely to be the cause a shoulder injury in the population of



softball players (50.2%) than in the baseball players (24.3%), who were not pitchers in both
sports. Additionally, the same study found the softball athlete’s shoulder djattlydhigher
rates of injury due to overuse/chronic mechanism than those of baseball players.

The female athlete overall has less mass, height, overall size, musstedimia
length, and absolute muscle strength (Wells 1991). Biomechanically, the motidris/use
baseball and softball pitchers differ greatly; however, the motion exhibitdeeield
players, the majority of the players on the field, is strikingly similar. @ibmechanics of
baseball pitching have been well researched and documented in the liteékbuater 1979;
Feltner and Dapena 1986; DiGiovine 1992; Dillman, Fleisig et al. 1993; Wernerg leles.
1993; Fleisig, Andrews et al. 1995; Fleisig, Barrentine et al. 1996; FlemiggrBine et al.
1999; Park, Loebenberg et al. 2002; Park, Loebenberg et al. 2002; Sabick, Kim et al. 2005;
Escamilla, Barrentine et al. 2007; Dun, Kingsley et al. 2008; Keeley, Hatlkadt 2008).
The overhead motion of baseball pitching places the upper extremity in a highinidy
position. High magnitudes of energy are absorbed through the anatomical strattues
shoulder and elbow during the varying phases of throwing; specifically thes cmet
phase, making this portion of the throwing mechanism the most likely to cause injury
(Dillman, Fleisig et al. 1993; Meister 2000). Horizontal abduction is maintain@thdte
majority of the throwing motion, as forceful internal rotation at speeds of over 7Q6&de
per second provide the velocity of the pitch (Dillman, Fleisig et al. 1993id;|&indrews et
al. 1995; Fleisig, Barrentine et al. 1996). These extreme kinematic factdr®le
microtrauma within the structures of the upper extremity responsible for produang

absorbing the kinetic forces produced. The field players in both baseball and softball



perform this overhead motion repeatedly, indicating that the forces and splassesupon
the shoulder of these two populations are comparable.

In one of the only direct comparisons of the overhead male and female athlete, Chu et
al (Chu, Fleisig et al. 2009) completed a contrast of the overhead throwiiog mobinale
and female amateur baseball players. They found that while femaldsaregmaller body
size, muscle mass, and limb length, when normalized to body weight and height, tles kineti
at maximum shoulder external rotation were similar for both males andefe§@iu, Fleisig
et al. 2009). Specifically, internal rotation torque and elbow varus torque were found to be
directly comparable to pre-existing data (Fleisig, Andrews et al. 13@%inkilla, Fleisig et
al. 2002) on baseball athletes. From these findings, it could be inferred that thé fselitbal
player experience similar forces as the baseball field player.

While the injury surveillance data and kinetics research demonstrakarisies in
softball and baseball injury patterns and forces, softball and basebalhvaany ways.
Sport differences include field size, ball size and weight, game length, ahohgimotion.
In particular, it is the difference in pitching frequency between the twossihat has been
proposed to cause overuse injury (Loosli, Requa et al. 1992; Barrentine, Fleisig et al. 1998)
The requirement for the softball pitchers to pitch in consecutive games is higtity tthee
fact that softball teams carry a mere fraction of the number of pitchersiseebaseball
roster. A review of the roster for the recent Olympic Games in Beijin@le/¢éhat there
were 5 pitchers on the 15 woman United States softball team, in contrast with 1&smtche
the 24 man United Sates baseball team. More specific to the population of this study,
pitchers accounted for 21% of total softball players (31 of 148) while baseballrpitche

accounted for 49% of all baseball players (137 of 279) as listed on the fall 2008 frosters



eight universities within the Atlantic Coast Conference that house both basebsadiftball
programs. Although the implications for pitchers is highlighted by the sraatidn of
pitchers per team, this ratio also indicates that the majority of softbgdirplare field
players, experiencing similar forces and stresses as basebalspl&y, the amount of
literature on these softball field players, and their shoulder charactgristvery limited.

To date, research surrounding the overhead athlete’s range of motion clsiesteri
at the shoulder has favored baseball players as the research subjects. As mdmdianisd, t
substantial evidence showing alterations in range of motion characseoiShaseball
players dominant shoulder as compared to their non-dominant arm, and to non-overhead
athletes (Bigliani, Codd et al. 1997; Crockett, Gross et al. 2002; Reagan, Me#t&062;
Meister, Day et al. 2005; Levine, Brandon et al. 2006; Myers, Laudner et al. 2006; Ruotolo,
Price et al. 2006; Chant, Litchfield et al. 2007; Lintner, Mayol et al. 2007; Boradnkaet
al. 2008; Reinold, Wilk et al. 2008). The general pattern of adaptation in the baselzal play
shoulder presents as increased external rotation, and decreased interoa) hatazontal
adduction and total range of motion (Altchek, 2001; Bigliani, 1997; Borsa, 2008; Borsa,
2005; Burkhart, 2003; Chant, 2007; Clabbers, 2007; 1zumi, 2008; Jobe, 1989; Kibler, 1998;
Krahl, 1947; Laudner, 2008; Lephart, 1994; Levine, 2006; Lintner, 2007; Lintner, 2008;
Mair, 2004; Meister, 2000; Meister, 2005; Murray, 2001; Myers, 2006; Myers and Oyama, In
Press; Myers, 2007; Osbahr, 2002; Park, 2002; Park, 2002; Reinold, 2008; Ruotolo, 2006;
Sabick, 2004; Safran, 2001; Tyler, 2000; Werner, 1993; Whiteley, 2009; Wilk, 2002).
Although the primary purpose of their research was to evaluate proprioceptastbails
athletes, Dover et al (Dover, Kaminski et al. 2003) also discovered a sighificeease in

external rotation and decrease in internal rotation of the dominant throwing apareaim



bilaterally in a female overhead athletes (10 pitchers and 40 position plalyeasidition,
Werner et al (Werner, Guido et al. 2005) while investigating kinematic anddcuagtables

of softball windmill pitching also recorded range of motion results. This datalesl a
significant side-to-side difference between dominant and non-dominant arrrsaal cl
internal and external rotation, suggesting similar range of motion characseaisbut the
glenohumeral joint as baseball players. Whiteley et al (Whiteley, Gialn 2009) are the
only group to evaluate humeral torsion in softball players, to date. This irutigl ct
humeral torsion in softball players indicated that there was no significéeredite in

torsion measurement of both adult and adolescent baseball and softball playessstudihi
there was no comparison to internal and external rotation range of motion values, ravrposte
shoulder tightness. The mean difference in dominant limb torsion for both the adult and
adolescent population was 1.7 and 0.5 degrees respectively. The population of softball
players studied was recruited from an amateur competition for older adults addlescent
population that had not yet achieved physical maturity.

In the current sports culture, most overhead athletes begin playing theiradports
choice at a young age, and generally before the closing of epiphysealthtaugh physical
maturation (Crockett, Gross et al. 2002; Mair, Uhl et al. 2004; Levine, Brandon et al. 2006).
As the frequency of participation increases, so does the potential for doeatgrhysical
adaptations, which in turn may directly alter variations in the physicalatkastics of
shoulder. Specifically, the proximal humerus’ is at high risk for variations wipetitreely
overloaded with overhead activity at a high velocity. This change in local boneistngct
consistent with Wolff's Law (Frost 2004), and has been demonstrated in numerous ctudie

range of motion alterations in the shoulder joint of the dominant arm of overheadsathlete



(Altchek and Dines 1995; Tyler, Nicholas et al. 2000; Altchek and Hobbs 2001; Crockett,
Gross et al. 2002; Reagan, Meister et al. 2002; Burkhart, Morgan et al. 2003; Mairalhl et
2004; Sabick, Torry et al. 2004; Borsa, Wilk et al. 2005; Levine, Brandon et al. 2006; Myers,
Laudner et al. 2006; Chant, Litchfield et al. 2007; Clabbers, Kelly et al. 2007; 1.iMagol

et al. 2007; McClure, Balaicuis et al. 2007; Myers, Oyama et al. 2007; Borsa, Laudher e
2008; Laudner, Sipes et al. 2008; Reinold, Wilk et al. 2008). These osseous adaptations of
the humerus in overhead athlete have a direct influence on range of motion dstcacter
(Crockett, Gross et al. 2002; Borsa, Wilk et al. 2005) and is referred to as humeval tors
(Crockett, Gross et al. 2002; Borsa, Wilk et al. 2005). Crockett et al (Crockets, €t rals
2002) found a strong correlation between increased humeral torsion and the shift of total
range of motion in the direction of external rotation. Humeral torsion occuronssto
repetitive opposing muscle torques acting upon the humerus during physical matasati

the proximal humeral physis is directly influenced (Sabick, Torry et al. 2004t Cha
Litchfield et al. 2007). As the angle between the axis through the center of thehbeas
and the axis of the elbow increases over time, the range of motion charastefidte

players shoulder permanently change. Furthermore, contracture of théopasiesule and
musculature leads to decreased horizontal adduction range of motion, known often as
posterior shoulder tightness (PST). In response to the combination of decreasmutdlori
adduction (Karduna, Williams et al. 1996; Kuhn, Huston et al. 2005) and humeral torsion
(Crockett, Gross et al. 2002; Osbahr, Cannon et al. 2002; Reagan, Meister et al. 2002)
alterations in glenohumeral range of motion present clinically, most natablygh internal

rotation. Baseball players have increased torsion, decreased horizontalosddunctishifts



in their total arc of motion due to the repetitive nature of their sport, spdgifiicaing
physical maturation.

While a wealth of literature has traditionally attributed these shiftarige of motion
to the contracture of the posterior shoulder capsule and musculature (Tyler, dethalla
2000; Myers, Laudner et al. 2006; McClure, Balaicuis et al. 2007; Laudner, Sipes et al.
2008), recent evidence has suggested that torsion has a greater role in predigéraf r
motion alterations. A study performed by Myers et al (Myers and Oyameag$s)Buggests
that when glenohumeral rotation range of motion alterations within the dominarflim
overhead athletes is adjusted for humeral torsion, the differences side;targli compared
to control subjects, is much less observable in healthy overhead athletesoriadgiti
decreases in internal rotation and horizontal adduction are addressed throughusoft tiss
stretching programs in the direction of the deficit. However, if the itefitinternal range of
motion are mostly caused by osseous adaptation, range of motion cannot be manipalated by
clinical stretching program (Pieper 1998; Crockett, Gross et al. 2002; Sahiclettai.

2005; Schwab and Blanch 2009). While internal and external rotation individually are
affected by repeated overhead activity and humeral torsion, the total humeraih n@tage

of motion should not be manipulated by the presence of torsion differences. This allows the
measurement of total humeral rotation range of motion to be used as a diredt clinica
assessment of shoulder soft tissue tightness, however the direction of thedefrot be
determined by this value.

Injury rates of baseball and softball players, regardless of position, al& simi
(Loosli, Requa et al. 1992; Maffet, Jobe et al. 1997; Hill, Humphries et al. 2004; Werner,

Guido et al. 2005; Werner, Jones et al. 2006; Rojas, Provencher et al. 2009). In addition, the



stresses placed on shoulder of both baseball and softball field players have been found to
similar (Barrentine, Fleisig et al. 1998; Werner, Guido et al. 2005; Chu, Fialg2009;
Miller, Kaminski et al. 2009; Rojas, Provencher et al. 2009). Field position players inlsoftba
and baseball complete repetitive overhead throwing in a similar motion that dda lea
overuse injuries. The repetitive motion of throwing has been found to causecsitenat

range of motion of baseball players during physical maturation (Lymansigrée al. 2001;

Mair, Uhl et al. 2004; Meister, Day et al. 2005), but has not been directly linked to softball
players. The female overhead athlete has been found to exhibit alteratimmgarof motion
(Dover, Kaminski et al. 2003; Werner, Guido et al. 2005). However, the alteration is often
believed to be not as significant as their male counterparts, and the ldenattange of

motion characteristics of the softball players is still very limi@over, Kaminski et al.

2003; Werner, Guido et al. 2005; Flyger, Button et al. 2006; Whiteley, Ginn et al. 2009).
Further investigation into the presence of these characteristicslischeethe population of

softball players.

Purpose and Clinical Relevance

It is the purpose of this study to compare range of motion and humeral torsion
characteristics of the overhead baseball and softball athletes. Theitsirhéaveen baseball
and softball’s injury rates has not been directly related to range of motion aedshum
torsion. Furthermore, the effect of humeral torsion on range of motion chatastdras not
been investigated in the softball shoulder, and continues to be developed as it affects the
baseball shoulder. Comparison of the range of motion characteristics of quépeik to

that of baseball players may allow a better approach to clinical @astith injury



prevention and treatment, of female softball athletes. Specifically, cmmparf both
osseous and soft tissue characteristics can lead to a specified directtogt¢bimgy

programs to treat the overhead athlete.

Research Question
Is there a difference in range of motion and humeral torsion characterighes of
shoulders of collegiate baseball and softball players?
Specific Aims:
1. Compare glenohumeral joint range of motion characteristics between baseball a
softball players
2. Compare humeral torsion characteristics between baseball and softbais play
3. Compare glenohumeral joint range of motion characteristics adjusted for humera

torsion between baseball and softball players.

Research Design
A cross sectional between groups study design will be utilized to compare groups of

collegiate baseball and softball players

Dependent Variables
Humeral Torsion
Clinical Internal Rotation
Clinical External Rotation

Horizontal Adduction

10



Total Range of Motion

Glenohumeral External Rotation Gain (ERG)
Glenohumeral Internal Rotation Deficit (GIRD)
Humeral Torsion adjusted Internal Rotation
Humeral Torsion adjusted External Rotation
Humeral Torsion adjusted ERG

Humeral Torsion adjusted GIRD

Independent Variables
Sport
Baseball

Softball

Hypotheses
Research Hypothesis
Softball players will demonstrate significantly less adaptation in showdge rof
motion characteristics and humeral torsion, as compared to the baseball playaders.
Specifically, softball players will demonstrate compared to basebg#nsta
A. Greater glenohumeral internal rotation range of motion in the dominant limb
B. Less glenohumeral external rotation range of motion in the dominant limb
C. Less horizontal adduction in the dominant limb
D. Greater total range of motion in the dominant limb

E. Greater total range of motion difference

11



F. Less humeral torsion in the dominant limb

G. Less External Rotation Gain (ERG)

H. Less Glenohumeral Internal Rotation Deficit (GIRD)

l. Less internal rotation adjusted for humeral torsion in the dominant limb
J. Less external rotation adjusted for humeral torsion in the dominant limb
K. Less ERG adjusted for humeral torsion

L. More GIRD adjusted for humeral torsion

Null Hypothesis
Softball players will demonstrate no significant differences comparecabak
players in shoulder physical characteristics and humeral torsion. Sgbcgaftball players
will demonstrate:
A. No decreased glenohumeral internal rotation range of motion in the dominant
limb
B. No increased glenohumeral external rotation range of motion in the dominant
limb
C. No increased horizontal adduction in the dominant limb
D. No decreased total range of motion in the dominant limb
E. No increase in total range of motion difference
F. No increased humeral torsion in the dominant limb
G. No increased External Rotation Gain (ERG)
H. No increase Glenohumeral Internal Rotation Deficit (GIRD)

l.  No increased internal rotation adjusted for humeral torsion in the dominant limb

12



J. No increased external rotation adjusted for humeral torsion in the dominant limb
K. No increased ERG adjusted for humeral torsion

L. No decreased GIRD adjusted for humeral torsion

Operational Definitions

Overhead athlete: Athletes who participate in baseball or softball requiring their arm
to be above their shoulder height on a repetitive basis. Athletes will be cod®tgitae if
they participate in NCAA Division | baseball or softball for the duration ¢dadt 30

minutes per session for at least 4 individual sessions per week.

Assumptions
- All instrumentation is reliable and valid

- Measurement of humeral torsion using diagnostic ultrasound is valid

Delimitations
- Subjects are excluded if they exhibit:

o Current shoulder or elbow pain that has limited participation
0 History of rotator cuff tear within the past year.
0 History of neck injury within the past year.
0 Recurring subluxations/ dislocations of the glenohumeral joint
0 Upper extremity nerve pathology (Cervical Plexus and Accessory Nerve)
o Cervical spine pathology

0 Scoliosis

13



Limitations
- Researchers are not blinded
- Subjects are not randomized

- Groups are opposing sexes.

14



Chapter 2
Review of the Literature
Introduction

Shoulder and elbow pathology is a common complaint addressed by the sports
medicine clinician. Specifically in overhead athletes, upper extremityasjaccount for the
greatest time lost from practice and game patrticipation (Powell aheBBoss 1999;

Lyman, Fleisig et al. 2002; Wang 2006; Dick, Sauers et al. 2007; Marshall, Hakrsgre

et al. 2007). The sport of baseball is nearly the most commonly played sport with 8.6 million
participants among 6 to 17 years olds within the United States, second only to asketba
1995, and still growing (1996). The sport of softball has over 3 million participants annually
just in leagues within the United States sanctioned by the American Sé#kaliation
(http://www.asasoftball.com/about/index.asp).

Much of the research effort directed to investigation of shoulder biomechanics and
injuries have been based on baseball players’ shoulder. Despite the fact thatithe uppe
extremity injuries, particularly the shoulder injuries, are just as aamimfast-pitch softball
players as in baseball players, available literature on softball injusearise. The lack of
literature on softball players’ shoulder may prompt the clinician to treaofitieall players
using the set of clinical guidelines and recommendation available for tHeabgdayers.
However, the recommendations and guidelines were made based on the evideroe from t

research studies targeting the baseball players, and therefore may nairée taithe



softball players. Although the game of baseball and softball is similar, tleedéfarences in
the sports including equipment, biomechanics of pitching, proportion of pitchers on the team,
and pitch count regulation. These dissimilarities are experienced ateddl ¢é baseball and
softball, from the introductory leagues to the professional ranks. Consequently, these
differences may pose different stress to the musculoskeletal systesebalband softball
players.

Collegiate level baseball and softball players start participatirfggingport as early
as 3 or 4 years of age, and continue to participate in the sport over their developgsesntal a
During the developmental years, the musculoskeletal system is adaptablsttesb@pplied
to it, and therefore participation in the overhead sports is believed to result in vaseosos
and soft tissue adaptations (Powell and Barber-Foss 2000; Crockett, Gross et alilR002; H
Humpbhries et al. 2004; Mair, Uhl et al. 2004; Werner, Guido et al. 2005; Keeley, Hdckett e
al. 2008). Based on the differences existing between the sports discussed above,dbe shoul
characteristics exhibited by baseball and softball players may beeditfe

Therefore, the purpose of this study is to provide normative descriptive data on
shoulder range of motion characteristics including humeral torsion in softbaliglape
compares them to characteristics observed in baseball players. Thigriteexiew will
discuss the difference in biomechanics of pitching/throwing and equipment betvgebalba
and softball. Prior to discussing the differences between the sports, shoulder amtomy
relates to shoulder range of motion characteristics and epidemiology gfimgoftball and

baseball will be discussed.

Critical Shoulder Anatomy
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To best develop an understanding of the biomechanics of the throwing shoulder, there
must be a thorough knowledge of shoulder anatomy. Both static and dynamic stractures a
the shoulder encompass a complex structure that allows for optimal movement for the
overhead athlete. The shoulder complex consists of 4 articulations: the stecutergwint,

the acromioclavicular joint, the glenohumeral joint and the scapulothoracidairto.

Glenohumeral Joint

The glenohumeral (GH) joint is the barely congruent ball and socket articulation
between the head of the humerus and the glenoid fossa of the scapula. The large head of the
humerus articulates against, as opposed to within the glenoid fossa, allowmgdased
mobility at the expense of stability. Therefore, the static and dynamitssoié structures
acting upon the GH joint along with limited joint volume and a negative articular peessur
(Speer 1995) provide the restraint to the joint. However, because of its mobility the
glenohumeral joint remains one of the most unstable joints in the body. Dislocation at the
glenohumeral joint accounts for approximately 45% of all bodily dislocation@a000).

The static constraints of the glenohumeral joint consists of the shoulder capsule, t
glenohumeral ligaments, which are a thickening of the joint capsule, and the labrum.
Furthermore, the static stabilizers can be attributed to surface afeemutnand intra-
articular pressure. Humeral and glenoid version are resting position ahtjleshumeral
head and glenoid fossa that encourage stabilization of the ball and socket joint. hé/hile t
humeral neck shaft angles lying between 130-140 degrees and the humeral heatkegktrove
approximately 30 degrees in reference to the transepicondylar axis of the(@knwett

2000). The glenoid fossa'’s natural superior tilt of 5 degrees helps prevent infrghation
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of the humeral head (Kikuchi, Itoi et al. 2008). As noted, the humeral head is much larger
than the glenoid fossa it lies upon. It has been proposed that uniform contact of
approximately 25% between the two surfaces exists through the range of motiomgmeani
the joint is congruent, just lacking equality of surface area (Garrett 20@DiG labrum

help increase the small articular contact area and to deepen the glenoidcsapkiet 50%

of its overall depth (Howell and Galinat 1989). In addition to maximizing the contact
surface, the labrum acts as a site for the glenohumeral ligaments and.cégssthle
glenohumeral joint capsule is an enclosed envelope, a negative articulargpexsstisr

within the capsule (Itoi, Motzkin et al. 1993). The greatest role of this pressare is t
centralize the humeral head and to provide stability (Itoi, Motzkin et al. 1993; Speer 1995).
Primarily, static stabilization at the glenohumeral joint is provided byglgr@humeral joint
capsule and its thickenings known as the glenohumeral ligaments which arerctibeg
bundles laid down in several layers that vary in direction and thickness (Howell anatGal
1989; Garrett 2000; Rockwood 2004). The superior glenohumeral ligament (SGHL) exhibits
a true longitudinal ligament collagen arrangement as it extends from thesgemoid rim

into the lesser tubercle of the humerus. It acts as the primary restraiteérttakrotation in

the adducted shoulder (Turkel, Panio et al. 1981; Speer 1995). The overlying coracohumeral
ligament acts a primary restraint against to external rotation and iddbhetad arm to

inferior translation (Turkel, Panio et al. 1981; Warner, Deng et al. 1992). The middle
glenohumeral ligament (MGHL) restricts anterior translation with theadrducted 45

degrees, but may be absent in some of the population. The ligament extends from the
varying locations on the glenoid into an anterior portion of the lesser tuberdsityhev

subscapularis tendon (Warner, Deng et al. 1992). The inferior glenohumeraniga
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(IGHL) engulfs the entire inferior capsule and varies in thickness aitsda®ad triangular
band. A thicker portion anteriorly is referred to as the anterior or superior band antkbec
thicker near the glenoid as opposed to the humerus (Bigliani, Pollock et al. 1992). This
increase in size at this position allows for greater static stabilizagainst anterior-inferior
translation (Bigliani, Pollock et al. 1992).

Although the capsuloligamentous structures provide joint stability, additiondltgtabi
from constant dynamic stabilization is required to prevent recurrent subluxatimns a
dislocations of the glenohumeral joint during dynamic movement. The rotator cuffcapd bi
muscles compress the head of the humerus into the glenoid fossa to prevenoimaofsiaé
humeral head. The entire cuff acts in cooperation to properly compress angesthbijoint
(Garrett 2000). However, the rotator cuff itself does not comprise the total dynam
stabilization of the glenohumeral joint. In addition to the individual components of the
rotator cuff acting in unison to stabilize, joint proprioceptors, scapular kinespatid
shoulder position attribute to stabilization. Specifically, joint proprioceptors e found
to deteriorate in subjects with increased laxity (Lephart, Warner et al, Z@8kerman,
Gallagher et al. 2003). In result, a synergist pattern about the coordinatetdasoapula
produce glenohumeral stability through a range of motion, permitting arm motiaarcto re
controlled end ranges of motion, all the while depending upon joint and angle proprioception

feedback (Kibler, 2001).

The Overhead Athlete’s Shoulder
Overhead athletes are susceptible to shoulder pathology due to the increased demand

placed on the structures that support and facilitate movement during repeateddverhea

19



activity (Burkhart, 2003). Wilk et al (Wilk, Meister et al. 2002) referred tanhecate and
delicate balance between mobility and stability required in overhead throthletea’
shoulder as the “throwers paradox.” The overhead athlete can be defined as atidete
participate in a sport that requires their arm to be above their shoulder heigtepetitave
basis during throwing or striking activities, such as swimming, tennis, valleWaseball,
and softball. Repetitive overload has been shown to cause adaptations in the overhead
athlete’s shoulder, which can lead to the pathologic shoulder in overhead baseball and

softball players.

Range of Motion

It has been well documented that the overhead athlete experiences alteratogs
of motion at the glenohumeral joint (Borsa, 2008; Borsa, 2005; Borstad, 2006; Burkhatrt,
2003; Clabbers, 2007; McClure, 2007; Myers, 2006; Myers, 2007; Reinold, 2008; Tyler,
2000). Specifically, the baseball players exhibit an increase in externadna@ad a
decrease of internal rotation when measured at 90 degrees of abduction (Wilk, 2002; Borsa,
2008; Borsa, 2005; Borstad, 2006; Burkhart, 2003; Clabbers, 2007; McClure, 2007; Myers,
2006; Myers, 2007; Reinold, 2008; Tyler, 2000). Wilk et al (Wilk, 2002) found in an
investigation of 372 professional baseball players an averagdarafréased external rotation
and decreased internal rotation as compared to the contralateral non-throwirg\vaas
introduced that overhead baseball athletes exhibit a shift in their “totail avation”,
allowing for increased velocity during the throwing (Reinold, 2008; Wilk, 2002).
Commonly, the increase in external rotation is referred to as ExternaioRdtain (ERG),

and the decrease in internal rotation is classified as Glenohumeral IfRRetaabn Deficit
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(GIRD). ERG is theorized to be the cause of gradual attenuation of the ant@pinfe
ligament and extended capsule stabilizers, as well as humeral torsiom(Gowe et al.

1987; Borsa, Wilk et al. 2005). GIRD is theorized to be the cause of increased posterior
inferior joint capsule contracture, tight posterior rotator cuff musculsdme: osseous
adaptations (Lintner, Mayol et al. 2007). GIRD is characterized by a losgiinahtotation
range of motion as compared bilaterally. Extensive data show GIRD in poof@ssind
collegiate level overhead athletes (Fleisig, Andrews et al. 1995; ligiadd et al. 1997,

Tyler, Nicholas et al. 2000; Lyman, Fleisig et al. 2001; Crockett, Gross2G#; Osbahr,
Cannon et al. 2002; Park, Loebenberg et al. 2002; Reagan, Meister et al. 2002; Willk; Meist
et al. 2002; Mair, Uhl et al. 2004; Sabick, Torry et al. 2004; Borsa, Wilk et al. 2005; Levine,
Brandon et al. 2006; Myers, Laudner et al. 2006; Chant, Litchfield et al. 2007; Lintner,
Mayol et al. 2007; McClure, Balaicuis et al. 2007; Myers, Oyama et al. 2007;, Rargdner

et al. 2008; Reinold, Wilk et al. 2008). It was found by Lintner et al (Lintner, Mayd! e
2007) in a study of 85 professional baseball players that GIRD is effectitezigycbby

stretching of soft tissue structures (posterior capsule and rotator cuffle e argument
exists to the attributing factors in GIRD, this study indicates that seftdistructures

contribute to adaptive GIRD, while contribution of the humeral torsion was not assessed in
the study. No matter the cause, GIRD and its direct effect on pathology has been
demonstrated in the literature. Burkhart et al (Burkhart, Morgan et al. 2003; Burkha
Morgan et al. 2003) proposed that GIRD was the initial step in “dead arm” syndrdmse. T
theory was further defined to be possible only when compounded by an unequal increase in
ERG (Myers, Laudner et al. 2006; Trakis, McHugh et al. 2008). In addition to dead arm,

GIRD has been attributed to lead to anterior instability, SLAP lesion, intenpaigement,
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and partial rotator cuff tears (Warner, Micheli et al. 1990; Bigliani, Codd &08F; Sauers,
Borsa et al. 2001; Burkhart, Morgan et al. 2003; Burkhart, Morgan et al. 2003; Myers,
Laudner et al. 2006; Lintner, Mayol et al. 2007; Lintner, Noonan et al. 2008). Measurement
of total shoulder rotational motion, first introduced by Wilk et al (Wilk, Meistaal. 2002)

is called total arc of motion. Total arc of motion values are a sum of the ttalax

rotation and internal rotation values as measured at 90 degrees of abduction (Reikadt, Wi
al. 2008). The total arc has repeatedly not been found to be significant between dominant
and non dominant arms, just shift in the external rotation direction (Crockett, Gadss et
2002; Osbahr, Cannon et al. 2002; Reagan, Meister et al. 2002; Wilk, Meister et al. 2002;
Borsa, Wilk et al. 2005; Myers, Laudner et al. 2006; Lintner, Mayol et al. 2007; Borsa,
Laudner et al. 2008). Recently, more attention has been directed towards osseotisradlapta
of the overheard athlete and its direct relationship to total arc shift (€@toGoss et al.

2002; Osbahr, Cannon et al. 2002; Reagan, Meister et al. 2002; Sabick, Torry et al. 2004;
Borsa, Wilk et al. 2005; Yamamoto, Itoi et al. 2006; Chant, Litchfield et al. 2007;,Borsa

Laudner et al. 2008; Whiteley, Adams et al. 2008).

Posterior Shoulder Tightness

The presence of posterior shoulder tightness (PST) in baseball players is wel
documented in the literature (Borsa, 2008; Borsa, 2005; Burkhart, 2003; Burkhart, 2003;
Clabbers, 2007; Crockett, 2002; McClure, 2007; Myers, 2006; Myers, 2007; Sabick, 2004;
Tyler, 2000; Wang, 1999; Wilk, 2002). Burkhart et al (Burkhart, 2003) suggested that
contracture of the posterior inferior glenohumeral capsule was the cauS€,adriel was

likely to lead to pathology. PST is characterized by a reduction in glenclunternal
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rotation, flexion, and horizontal adduction (McClure, Balaicuis et al. 2007). PST is
suggested to cause inadequate glenohumeral kinematics, leading to impingasmant, |
pathology or rotator cuff pathology (Michener, 2003; Myers, 2006; Tyler, 2000; Wang,
1999). Inflexibility of the posterior shoulder as a result of capsular or musigliaress
deviates the motion about the glenohumeral joint creating increased forward aiod infe
movement of the scapula during shoulder flexion (Gowan, Jobe et al. 1987; Kibler 1998).
Tyler et al (Tyler, Nicholas et al. 2000) found a direct relationship betweeeripost

shoulder tightness and a limitation in glenohumeral range of motion. During bouts of
throwing, the posterior shoulder structures are repetitively used in antrec&ashion to
decelerate the arm (Gowan, Jobe et al. 1987; Reinold, Wilk et al. 2008). Internahrotat
during throwing occurs at angular velocity between 6000 and 7000 deg/s (FleisamtiBarr
et al. 1996; Reinold, Wilk et al. 2008). The posterior musculature of the shoulder contributes
to deceleration of the limb rotating at this high velocity through eccentrioatiraction.

This leads to tightness and soreness seen clinically in baseball plagerstitive

throwing. In the acute repair phase after a bout of pitching, it should be the dual of t
clinician to stretch the posterior shoulder tightness. Both the sidelyingiregeent of
adduction and the modified supine assessment of PST were found to be low in clinical erro
and exhibited good precision (Myers, Oyama et al. 2007). In addition to horizontal
adduction stretch for PST, the “sleeper stretch” for PST has recemgdgacreased clinical
use. McClure et al (McClure, Balaicuis et al. 2007) compared the cross bodyi@uduct
stretch with the sleeper stretch over a 4-week period. They found that whiteskdady
adduction stretch did not account for scapular stabilization, it provided greagssies in

measurements of internal rotation at 90 degrees of adduction. Ideally, tharlghould
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apply a reliable means of measuring and stretching the posterior shoulder imorder t

minimize posterior inferior joint capsule contracture.

Glenohumeral Laxity

Compression and concavity at the glenohumeral joint must be maintained at a
maximal level. The alignment of the humerus into the glenoid must be proper, thus assuring
optimum positioning of the intrinsic rotator cuff musculature to allow compressionhe
glenoid socket during shoulder motion, resulting in proper stabilization (Kibler 1998)e W
the capsuloligamentous structures of the shoulder work in accordance with balanced
musculature acting upon the glenohumeral joint, within the throwing athlete thisnstap
is often altered (Myers, 2002; Wilk, 2002). Anterior and inferior capsuloligamentous
structures have been found to exhibit laxity as determined by Sulcus sigiudy afs
professional baseball players (Bigliani, Codd et al. 1997). Whether this laxiteient or
acquired is still undetermined, but the challenges of controlling this “throVesrtg”
remains for the clinician (Myers, 2002; Wilk, 2002). Jobe et al (Jobe, Kvitne et al. 1989;
Kvitne and Jobe 1993) theorized that overhead athletes develop acquired hyperlaxity of the
anterior structures of the shoulder. Further development of this theory linkesithevith
stretching of the anterior structures such as the inferior glenohungaraleint complex that
is placed in maximal stretch during abduction and external rotation, the tepoingbf the
pitching motion (Jobe, Kvitne et al. 1989; Wilk, Meister et al. 2002). Recent work by Sethi
et al (Sethi, Tibone et al. 2004) found significant glenohumeral translation in pjtbiénot

in position players.
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Humeral Torsion

The development of humeral torsion as one of the primary contributors to changes in
shoulder range of motion is now well-documented, and gaining increased attentide{Croc
Gross et al. 2002; Osbahr, Cannon et al. 2002; Chant, Litchfield et al. 2007; Reinold, Wilk et
al. 2008). Torsion of the humerus into humeral retroversion is thought to be the result of
muscular forces acting on the humerus, as the humerus experiences torsion rdanments
the overhead throwing motion (Sabick, Kim et al. 2005; Chant, Litchfield et al. 2007). Krahl
first demonstrated the effects of muscle force on humeral torsion, and thebatzttete
were two forms of torsion: primary hereditary and secondary that isccanseuscles
acting above and beloew the proximal humeral physis (Krahl 1947). Humeral reitvavsr
a more anteriorly directed humeral head (Whiteley, Adams et al. 2008). Humera
retroversion results in relative twisting between the proximal and distalrbsnoe humeral
torsion. The development of humeral torsion is an example of Wolff's law that #tatehe
architecture of bone response to changes in the form and function (Frost 2004). While
variations in glenohumeral range of motion were originally attributed only tdissie
changes, it is now considered a combination of soft tissue and osseous adjustments.
Specifically, humeral torsion is defined as the acute angle between tlerangh the
center of the humeral head and the axis of the elbow, in the medial and posterior direction
(Pieper 1998). The proximal physis of the humerus accounts for 89% of the growth within
the humerus during physical maturation; therefore, this area is consideead anea during
this time (Whiteley, Adams et al. 2008). Given this weak spot, the repetitie doal
muscle forces acting on the proximal humerus during this time in overhead dtdees

directly to increased humeral torsion (Whiteley, Adams et al. 2008).
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Effects of repetitive throwing in developmental athlete are not completel
understood due to the complexity of the developing skeleton (Sabick, Kim et al. 2005). The
developing shoulder has joint laxity, underdeveloped musculature and open epiphyseal
plates. Two major types of loading have been implicated at the proximal humergs durin
throwing. They are significant rotational stress applied to the proximadalphysis and
distraction of the physis. The rotational torques as high as 92 N m act about thadarfg ax
the humerus found in professional pitchers. A proximally directed force cousttrac
distraction forces at the shoulder at the time of ball release via the rotaffickeeping the
glenohumeral joint intact. The location of the rotator cuff inserted at the proximakr&lum
physis creates proximally directed forces across this proximalralipteysis by the rotator
cuff during overhead throwing.

Both rotational torques and distraction forces about the shoulder have been @uplicat
as either pathological or beneficial responses at the shoulder. Although btitmabta
torques and distraction forces occur, Sabbick et al (Sabick, Kim et al. 2005) sdglyatte
the rotational torques place the proximal humeral at the highest risk fatialeand
possibly injury.

Just prior to maximal external rotation of the humerus during throwing, an interna
rotation torque is created while the arm is still moving in the externalot@irection.

During this time muscles attached at the proximal humerus that creataimtgation
(subscapularis, pectoralis major, and latissimus dorsi). In contrast, tHesimtet of the
arm is creating an external rotation torque on the humerus, driven by the monméerttiaf i
of the upper limb. This causes a twisting effect on the humerus, and the subsequent

adaptation in humeral torsion over time in the direction of this torque. The failure point of
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the humerus has been found to be less than the applied torque of about 90 N m (Sabick, Kim
et al. 2005). Although humeral fracture can occur, this increased torque valugesthea

every maximal force throw, specifically during physical mataorgtcan have a dynamic

effect on the cortical development.

Torsion is the result of both evolutionary torsion (primary torsion) and the effect of
muscular forces acting on the humerus (secondary torsion). Humans are born teithl bila
retroversion in their humerus, that gradually anteverts during skeleialitya This suggests
the forces and torques experienced by an overhead population during physical maturity
actually delays the natural progression of anterversion, as opposed to creatat) a dir
retroversion movement (Sabick, Kim et al. 2005).

Whether or not humeral torsion benefits the overhead athlete in both performance and
injury prevention is still undetermined. It has been suggested that humsia@h tcts as a
protective adaptation for the anterior capsulolabral complex. The incredsathérotation
attained through increased torsion decreases the stress on the anterisusofésisaints
(glenohumeral joint capsule and ligaments)(Pieper 1998; Crockett, Gross et al. 2002; Osba
Cannon et al. 2002; Reagan, Meister et al. 2002; Sabick, Kim et al. 2005). Given the
increased length of external rotation range of motion and the decreased tepsignerd,
the throwing shoulder experiences an optimal length-tension relationship tresssetjoint
laxity and placed these shoulders at a throwing advantage (Crockett, Gabs¥6R). In a
sense, increased torsion prepares the humerus to reach increased valuesabteteteon
while simultaneously decreasing the amount of stress on the anterior joint Gapbule
ligaments (Crockett, Gross et al. 2002). In the only study to directly aduueseral torsion

as a protective mechanism, Pieper et al (Pieper 1998) found a group of elite haagibes! pl
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with chronic shoulder pain displayed no significant difference in humeral retimvers
between limbs. This was in contrast to a large group of players who had an overall
significant greater mean difference bilaterally in increasebtgrand were not classified as
pathologic. Pieper et al (Pieper 1998) concluded that this suggests humeral toreeseohcr
developed during physical maturation is a protective mechanism against injuryataeher
shoulder; however, this has only been theorized and is not known for certain at this time.

The first research based study to confirm torsion of the humerus in overhead athlete
was completed on team handball players (Pieper 1998). In this study, 51 professional
handball players, 13 symptomatic for shoulder pathology, were measured for hunseral tor
through a radiographic analysis. These 51 subjects were compared to 37 control subjects
above the age of bone maturation, and without any history of overhead sport activity. The
radiographic analysis utilized two views: an standard AP view at 40 of extetatibn and a
view that showed the projected torsional angle of the humerus without elbow projecti
interference. Pieper found a significant difference in shoulder retrovergisedrethe
dominant and non-dominant limbs within the subject and between groups. An average
difference of 9.4in retroversion was found within the professional handball players between
dominant and non-dominant shoulders. In addition, & 7m@2ease in torsion was found
between the handball players group and the control group’s dominant shoulder retnoversi
angle (Pieper 1998).

Stemming from the findings of Piper (Pieper 1998), studies of retroversionebatlas
overhead athletes (Crockett, Gross et al. 2002; Osbahr, Cannon et al. 2002; Reagan, Meiste
et al. 2002; Chant, Litchfield et al. 2007) found similar results. Crockett et ak@toc

Gross et al. 2002) studied humeral retroversion in 25 male professional basgkedl. dihe
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retroversion angle was compared bilaterally and to a group of matched cahbjects.
Measurements of humeral retroversion were derived through computed tomoggaphic (
analysis of axial cuts of the humerus at the humeral head and the capitelluochlehtr
Torsion was calculated as the difference between a line parallel to thleadisular surface
and a line bisecting a spherical section of the head (Crockett, Gross et al. R0&&)ition
to humeral torsion measurement, the analysis of glenoid version was alsneskabnockett
et al found significant differences across the board in side-to-side withjecs and between
groups measurements of humeral head retroversion and external rotatiorf rantjera
The humeral head retroversion measurements within the professional basgbsd! pla
dominant to non-dominant shoulder wast49.9* in the dominant arm, compared to23
10.# in the non-dominant.

In a study of collegiate baseball players, Reagan et al (Reagatei al. 2002)
furthered the base of support for consistent humeral retroversion across thendomina
shoulder of elite baseball players. A single study group of 45 college badelalls were
measured for supine forward elevation, internal rotation, external rotatige chmotions,
and humeral retroversion. Retroversion was measured using radiographic ateitysish a
semiaxial view that permitted a measurement of the angle between the Imeukraxis and
the humeral condyle axis to be interpreted as the humeral retroversien Angjgnificant
difference was found between dominant (36%8) and non-dominant (26 9.4°) humeral
retroversion angles. In addition to comparing bilaterally, the results fiemmal and
external rotation range of motion were found to correlate significanttylwimeral
retroversion measurements. Interestingly, when dissected into pitchersrapdchers

group, the external rotation measurements still correlated signifidantboth groups. In
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the pitcher group only, there was no significant correlation significantelite found
between internal rotation and humeral retroversion. The authors stated thisasignif
correlation indicated that the exhibited increased GIRD was from sai ts$gictures.

Chant et al (Chant, Litchfield et al. 2007) completed a more recent stddy of
professional baseball players, with an aged matched control group to assesslitigeofali
the humeral retroversion measurement. Their methods adopted those of Crook&tt{Cr
Gross et al. 2002) as CT was used to analyze the amount of humeral retroversion. Once
again, the dominant limb (444910.9) was significantly more retroverted compared to the
non-dominant (34.2 6.9°) shoulders. Similar to the study by Reagan et al, correlations
were calculated between the measurements of internal and externahraagie of motion,
and humeral retroversion. While all found to be significantly correlated, the adttorste
their confidence intervals were fairly high, potentially due to factorls as@lenohumeral
translation, passive stiffness, posterior capsule tightness, and soft tissuessdi@hant,
Litchfield et al. 2007).

In the current study, the method for measuring humeral torsion was adapteahfr
investigation by Whiteley et al (Whiteley, Ginn et al. 2006). This two foldyditst
evaluated diagnostic ultrasound as a means of measuring humeral torsion in a population of
non overhead athletes. Second, it evaluated humeral torsion in a group of elite youth
baseball athletes, as compared to their non-dominant arm. The major outcomes included of
the first study showed strong inter-tester reliability for the use of diagndStas a means of
measuring humeral torsion, in contrast with poor results for palpation methodssiagse
humeral torsion. The second portion of the study revealed variable side-to-sitteatesul

humeral torsion for a non-overhead population. However, the baseball population showed a
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significant difference in non-dominant less dominant humeral torsion differdinig result
again confirmed the presence of increase humeral torsion in baseball playet agsan
accurate method for continued assessment of humeral torsion. The portability aed simpl
operation for diagnostic ultrasound, as well as good reliability and validike assessing
humeral torsion in the clinic a realistic tool.

The only documented humeral torsion data on softball players was recently
completed by Whiteley et al (Whiteley, Ginn et al. 2009). Using the modified
ultrasonography technique, they investigated the presence of humeral torsion icesdoles
baseball, softball and swimming athletes, adult baseball and softball antatetesaand a
control population. Worthy of note, they did not find significant differences between the
baseball and softball population. The mean difference between limbs in the adulll baseba
and softball players was -1.7 degrees different. Analyzing the dominant Buritsrenly,
the baseball players had a greater mean difference of nearly 6 degredsefsmfiltall
players; however, the non-dominant limb data were not similar between the twg S
adolescent population of baseball and softball players had nearly identica ireslodt mean
difference between limbs, and when broken down by limb, their results were egaaly In
accordance with previous data, the comparison of the control group to the throwing group
(adults baseball and softball players) was significantly different, ighhrowing group

averaging 12 degrees of humeral torsion difference between limbs.

Correction for Humeral Torsion
Given the knowledge that humeral torsion exists within the dominant shoulder of

overhead athletes, the sports medicine clinician must now determine how to impieise
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knowledge into the clinical setting. Recent research has begun to adjust rang®of moti
values after determining the amount of humeral torsion in a given shoulder. Thimadjust
is referred to as correction for torsion, or adjusted for humeral torsion.alchieotnal belief

in sports medicine has been that decreased in internal rotation, shifts in totahatcof

and increased posterior shoulder tightness are due to contracture of the posteder shoul
musculature and joint capsule and laxity of the anterior capsule. This bellefihaghe
clinical practice of increased stretching of the posterior shoulder (throteghal rotation,
horizontal adduction and flexion stretching) in order to decrease the amount of shouder pai
and risk for injury. However, the results of a study by Myers indicates th& &td ERG
are less influenced by soft tissue contracture; rather, humeral torsidicaigty influences
the amount of range of motion alterations exhibited in overhead throwing athletes.
Therefore, when assessing range of motion characteristics in thystsi@idesults include
the correction for humeral torsion measurements. These results utilizeateretehumeral
torsion within the individual limb, and use that angle as the neutral position for Iraacha
external rotation, rather than the traditional neutral position at 90 degrees peufaardithe
treatment table. Given this adjustment, the baseball players in the studyebs/iMd no
differences in internal rotation between limbs. This indicates that the awfquodterior
shoulder soft tissue elasticity in the dominant limb could be considered normal when the
adjusted values are near equal between dominant and non-dominant limbs. If adjusted
internal rotation and external rotation are created near equal to the opposirgdinght
adjusting for the osseous adaptations, it would indicate any variation left is sk tissue
contracture. Traditionally, these alterations in range of motion weeiteuééd completely to

soft tissue alterations and an aggressive internal rotation stretchingmrags utilized. In
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contrast, given the humeral torsion value for a given limb, the subsequent direction of
stretching utilized and the appropriate amount can be isolated. For example, a dbminant
that has 40 degrees of clinical internal rotation and 80 degree of torsion would display an
adjusted IR value of 30 degrees. This value in turn would be compared to the non-dominant
limb’s adjusted IR value. If the adjusted value of the non-dominant limb weitarsionthe
dominant limbs’ value, it would indicate little internal rotation deficit due to sstié

structure. Continuing on, if this same subjects external rotation values@aesaéssed, the
same principal is applied. If the two adjusted ER values between dominant and non-dominant
limbs are not near equal, it is believed that the variation in range of motion is pwrdty du

soft tissue alterations. This process would then directly affect theatlprimtocol for

stretching and range of motion in the future.

While internal rotation is often the primary variable addressed by the ahnici
posterior shoulder tightness can also be directly affected by humerahtd@ssien the
adjustment of rotational neutral discussed above, the orientation of the posteriorrshoulde
fibers may be different at clinical neutral as opposed to measured humeral toutrah) ne
therefore affecting the measurement of horizontal adduction. In addition to the gtudy b
Myers, a report by Schwab and Blanch uses the measurement of humeral rotatggnaf ran
motion accounting for humeral torsion. Their results were less pronounced thaafthose
Myers, due in large part to the use of volleyball players are their overheaé atpetation.
However, adjustments for humeral torsion were said to almost entirely acooth fost
range of motion through the measurement of humeral torsion, as opposed to alterations i
soft tissue. As sports medicine research into the overhead athlete advanuesethee of

humeral torsion must be accounted for. Given the consistent reporting of humeraktors
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direct effect on shoulder range of motion, applying torsion adjusted measuréments
effectively treat the flexibility of overhead athletes shoulders & mitproviding the most

appropriate clinical care.

Epidemiology

Based on a database from the National Collegiate Athletic AssociatieAAN
Injury Surveillance Systems (ISS) on baseball injuries collected beti@38 and 2004,
players who missed practice and games were complaining of an upper gximgmyt45%
of the time (Dick, 2007). Furthermore, shoulder injuries accounted for 23% of the injuries
during practices, and 16% during games for that entire time period. A large cohort
prospective study completed by Lyman et al (Lyman, Fleisig et al. 2001Ljaé2eh[298
pitchers over two seasons of little league baseball. Broadly, they found a 32faiconate
of shoulder pain and a 25.5% complaint rate of elbow pain after pitching during tlyedawo-
period. It was found that factors such as increased total pitch count, arm, fatigue
perceived pitching performance have an impact on the increased likelihood o¢eciper
pain subsequent of pitching. A direct comparison of a large sample of baseball and softbal
injury rates in high school athletes based on the data collected by the Natide&tA
Trainer’s Association (NATA) (Powell and Barber-Foss 2000) demonstrateplacabie
injury rates for the two sports, especially in the upper extremity. Poweltedpsiroulder
injuries accounting for 19.7% of all injuries in baseball and 16.3% of all injuries adoft

A study completed in 1989 by Loosli et al (Loosli, Requa et al. 1992) during the

NCAA fast pitch softball championships was the first study to specifit@lysed on
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injuries in fast pitch competitive softball. The study found almost half of the pstahéhe
study (11 of 24) sustained an injury that led to time-loss during the season. OfltbE2bta
injuries sustained throughout the season by these 24 subjects, 9 of them were shoulder
injuries, and 17 were within the upper extremity. This was the first study to deatertbat
fast pitch softball players are susceptible to upper extremity injurie$y likedoaseball
athletes. In the most recent release of NCAA ISS data regardinglisoftbées, Marshall et
al (Marshall, Hamstra-Wright et al. 2007) reported that 10% of all praofinees were
attributed to shoulder strains or tendonitis, as well as 5.5% of injuries resultimgonrtere
days lost in practice were attributed to shoulder tendonitis. Hill et al fHithphries et al.
2004), completed a survey study in order to examine the injuries occurring thertissee
division of NCAA softball. The survey revealed that of a total of 92 injuries reported as
chronic or overuse, 60 involved the upper extremity, and 33 of which were isolated to the
shoulder. It was also reported within this study that the number of pitched inmngtht
previous season by all pitchers who reported an injury was between 82 and 93.

More recent epidemiological data that analyzed only the shoulder in high school
athletes completed by Bonza et al (Bonza, Fields et al. 2009) exhibitarsimly patterns
between baseball and softball players. They found that softball was the most common
female sport to cause shoulder injuries. In relation to recurrent injuriebabiaEounted
for 22 % of all recurrent injuries to the shoulder in all sports, while softball acmbtort
16% in the same category. The types of injuries sustained at the shouldemilare si
between both sports; 55.3% and 52.9% for baseball and softball respectively. Softball
players were found to have slightly higher rates of injuries due to overuse/chronic

mechanisms at the shoulder. Most interesting to note, throwing as the activiigttoa
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injury was 24.3% in non-pitching baseball players, and in accounted for twice thabaidlsof
non-pitchers at 50.2%. However, baseball pitchers cause of injury as throwing was

significantly higher than softball pitchers.

Differences Between Sports

The most significant difference between baseball and softball is the mamagéme
the pitchers. While management of the athletes may stand out as a prineagnddf the
characteristics of each sport also have a direct effect on long-term oatfrome
participation. The ball used in both sports is drastically different. The officpr League
Baseball (MLB) is a sphere formed by yarn wound around a small core of cork, oubber
similar material, covered with two strips of white horsehide or cowhide, tigittiized
together. It can not weigh less than five nor more than 5% ounces and can not measure less
than nine or more than 9% inches in circumference
(http://mlb.mlb.com/mlib/official_info/official_rules/foreword.jsp). In camdt, the official
softball from Official Rules of Softball from the International Softb@&ti&ration Playing
Rules Committee is a completed 30.5cm (12 in) ball between 30.2cm (11 7/8 in) and 30.8cm
(12 1/8 in) in circumference, which weighs between 178.0g (6 1/4 ounces) and 198.4qg (7
ounces). The flat seam style cannot have less than 88 stitches in each wovby, the
two-needle method
(www.internationalsoftball.com/english/rules_standards/rules_standspyls.dhe larger
softball creates a different gripping technique as compared to the baseball.

In addition to the different ball size, the two sports are played on fields that are

drastically different in overall size. The standard baseball field foegsanal baseball has
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the four bases separated in an even square at a distance of 90 feet aparthdisenpatend,
which is raised from the remainder of the surface, is 60 feet and 6 inches frorakiué thee
pitching rubber or plate to the front of home base. The plate us places 18 inches behind the
center of the mound, which is 18 feet in diameter. The mound is then declined at a rate of 1
degree per 1 foot from the 6 inches in front of the plate. As of June 1958, any field
constructed for professional use can not have a distance of less than 325 feet to amy point
the outfield wall from home plate. These overall settings createeadargunt of space to

play the game of baseball, therefore a larger amount of space to throw thedllmassrhead
(http://mlb.mlb.com/mlib/official_info/official_rules/foreword.jsp). In caadt, the softball

field has four bases separate in a perfect square at a distance of 60 éegitchiihg plate,

which is not elevated on a mound, is 43 feet from home base. The overall distance of home
plate to the outfield wall must exceed 220 feet. Overall, the size of the sbélobind

distance between areas is significantly smaller than that in basebatiteDbe smaller size

of the field, the reaction time for batters in softball is directly compatalileat of baseball
batters (Werner, Guido et al. 2005). To date, there has been no research that has evaluated
the differences in field size and ball size between baseball and softball, mmahpiieations

on injuries in their respective sport.

Biomechanics of Throwing
The Baseball Pitch-

The overhead baseball throw is perhaps the most arduous motions in all sports
(Dillman, Fleisig et al. 1993; Fleisig, Andrews et al. 1995; FleisigreBdine et al. 1996;

Fleisig, Barrentine et al. 1999; Sabick, Kim et al. 2005; Dun, Kingsley et al. 2@@8\K
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Hackett et al. 2008). The kinetics and kinematics of the baseball pitch have begadigpe
studied in the laboratory, allowing a better understanding of proper pitching mechnhics a
implications for injuries (Atwater 1979; Dillman, Fleisig et al. 1993; kjei&ndrews et al.

1995; Fleisig, Barrentine et al. 1996; Fleisig, Barrentine et al. 1999; Park,nbmzgest al.

2002; Park, Loebenberg et al. 2002; Sabick, Torry et al. 2004; Sabick, Kim et al. 2005; Dun,
Kingsley et al. 2008; Keeley, Hackett et al. 2008). Tremendous joint torques and joint
reaction forces are involved in the baseball throw, placing the arm at gt ngury

during the entire motion. Pitching mechanics can be broken into six different pigses (

2) ;windup, the stride, arm cocking, arm acceleration, arm deceleration, and folbmgh.

The windup up phase begins as the pitcher initiates the throwing motion. The goal of
this phase is to place the athlete in the most advantageous position to begin the pitch. The
windup is the least involved phase of the pitch, in terms of muscular activity and oditath m
(DiGiovine 1992). The pitcher lifts their lead leg through hip flexor contractiomtena
the lead side towards the plate. Proper form ensures that the lead leg does riotvaimige
the plate until the stride phase begins. At this point the stride phase begins, hedHght
initiation of the movement of the lead leg towards the target and the separation ofdbe ha

The stride phase begins with the lead leg moving towards the target as the pitche
pushes off and falls off the rubber towards the batter. Directly in front or gligtthe
dominant arms side of the plant foot is where the lead foot should land. The toes should be
pointing between 5-25 degrees to the dominant arms side. In order to generate tbecenos
through the kinetic chain to the arm, the pitcher should avoid excessive toeing out, wide
stance, and a stance where the lead foot is inside of the stance foot. The disteree the

lead and plant foot should be just under the pitchers height. The time point when the lead
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foot touches the ground is considered foot contact. At foot contact, a throwing shoulder is
elevated 90-110 degrees, externally rotated between 40-80 degrees, and horizontally
abducted 20-30 degrees, while the elbow is flexed between 80-100 degrees.d&h#hase
ends when the lead foot contacts the ground,

Arm cocking is the next phase and is lasts from foot contact to maximal shoulder
external rotation. This phase is highlighted by rapid trunk rotation with shouldenaxter
rotation to physiological limits (Park, Loebenberg et al. 2002). In a studgiofudated
baseball game, Escamilla et al (Escamilla, Barrentine et al. 2007) fauichum pelvis
angular velocities between 501 to 720 degrees per second. Furthermore, maximum upper
torso angular velocities were between 1083 and 1239 degrees per second. Inya study b
Fleisig et al (Fleisig, Andrews et al. 1995), forces and torques weireeaduring the arm
cocking phase. The study reported that peak shoulder internal rotation torque isdajcisieve
prior to maximal external rotation (Fleisig, Andrews et al. 1995; Park, Loebeabakg
2002). It was also found that the shoulder produces-@8® Newtons of compressive force
to counteract the distractive force created by the pelvis and upper torso ratdtiey a
accelerate towards the plate. Additionally, anterior shear force at tHeeshibetween 393
and 556 newtons has been reported during the arm cocking phase (Escamilla,nBagtenti
al. 2007). The joint compression force to counteract the distraction and anterioostesr f
is produced primarily by the rotator cuff. The EMG activity data demonstitaethie
activation level of the rotator cuff muscles were highest during this ph#Se{inhe 1992).
The compression force produced by the rotator cuff muscles minimizes goisliation.

Additionally, the inferio-medially directed compression force help neugrétie superiorly
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directed force produced by the deltoid muscle, allowing the humeral head to bectente
within the glenoid fossa (Fleisig, Andrews et al. 1995).

At maximal external rotation, the arm acceleration phase begins. This phdse ca
missed with the blink of an eye, as it tends to last 0.030 to 0.058 seconds (Werner, Fleisig et
al. 1993; Park, Loebenberg et al. 2002). Elbow extension and shoulder internal rotation are
the trademarks of this phase. Shoulder internal rotation during this phase can reach up to
8000 degrees per second (Dillman, Fleisig et al. 1993). Elbow extension is achieugt thr
a combination of torso rotation and triceps extension (Park, Loebenberg et al. 2@@2y, |
the activation of the rotator cuff, trapezius, serratus anterior, rhomboids asuilasiglorsi
muscle groups will be greatest during this phase and well coordinated to ensurse the lea
amount of stress on the glenohumeral joint (DiGiovine 1992). Coordination of these muscles
produce maximal glenohumeral joint compression force during this phase and raetbé ti
ball release (DiGiovine 1992).

Once the ball is released, the deceleration phase begins. This phasectertheda
by large eccentric forces at the shoulder and elbow, leading to large shiltetatiinjury as
kinetic energy not transferred through the ball needs to be dissipated through tlssiseft ti
(Park, Loebenberg et al. 2002). Motions achieved during this phase includentaggsof
shoulder internal rotation and horizontal adduction. The entire posterior soft tissuexompl
of the shoulder is primarily responsible for decelerating the limb. Teres ncitiateon was
shown to be the highest during third phase, as well as during any phase of throwing
(DiGiovine 1992). However, the size of the teres minor in relation to the other posterior
shoulder muscles insists a synergistic relationship between the entergrasimplex to

achieve deceleration without soft tissue injury. Proper coordination of theiposh®ulder
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musculature during a follow through phase is elemental in reducing injury rates
continuation of eccentric contraction in the posterior shoulder musculature should be added
to a long follow through that placed the pitching hand towards the opposite knee to ankle.
The highest activation of serratus anterior has been recorded during tlesplhiaiinctions

to maintain the scapula against the torso (DiGiovine 1992; Fleisig, Andrews et al. 1995;

Park, Loebenberg et al. 2002).

The Softball Throw —

The biomechanics of the softball pitch vary considerably from those of thealiase
pitch. Unlike the baseball pitching motion, the available data on softball underhand pitching
biomechanics is limited (Maffet, Jobe et al. 1997; Barrentine, Fleisig Ed28; Werner,
Guido et al. 2005; Flyger, Button et al. 2006; Werner, Jones et al. 2006). Similar to the
baseball pitch, the softball pitch can be broken down into phases (Figure 3): the wind-up,
stride, delivery, and follow through (Barrentine, Fleisig et al. 1998). From-wprtd follow
through, the total circumference of the arm about the glenohumeral joint can reaohi#85
the majority of that motion in full elbow extension. Increased resistancsttaation is
experienced during the delivery phase of softball pitching. In contrast to tmeacobelief
that posterior shoulder structures are less stressed during the softhah pmparison to
the baseball pitch, Maffett et al (Maffet, Jobe et al. 1997) found similar astivavels of
the teres minor during deceleration in both sports. Posterior shoulder injuries ifi softba
pitching are second to anterior shoulder pathology. Anterior shoulder muscles, such as
pectoralis major and subscapularis muscles primarily contribute to the highyefoc

internal rotation reaching 4008ec (Maffet, Jobe et al. 1997; Barrentine, Fleisig et al. 1998).
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As shown by the study by Barrentine et al, the shoulder anterior force cuweidglivery
phase can reach 38% of the body weight, which is comparable with baseball.

While the softball pitch is a highly dynamic motion, as previously mentioned, the
majority of softball players are not pitchers. Due to this, and the considerddierdie
between the baseball and softball pitch, none of the subjects used within the curgent stud
were softball pitchers, only field position players. To date, there has not beely st
analyzed the biomechanics of a female softball overhead throwing populatiorcin dire
contrast to baseball overhead throwers. In an unpublished dissertation from 1970, Atwater
(Atwater 1970) analyzed the varying biomechanical contributions to ball weincit
overhead throwing, performed by a male and female. It was reportedeimaakh thrower
utilized more shoulder action and the female athlete exhibited greater tratindo
develop her throwing velocity. The shoulder range, angular velocity and lineaity&lere
all considerably less for the female subject, coupled with a significandifesrball velocity
(pitch speed).

Chu et al (Chu, Fleisig et al. 2009) completed the most recent direct comparison of
male and female overhead throwing while analyzing overhead baseballsathtgtemale
and female. Although this population was not throwing softball, it is the most applicable
biomechanical study on male and female throwing kinematics and kinetics .tolthate
authors compared 11 males and 11 female overhead throwers from a group that represente
elite amateur baseball pitchers. The kinematic variables studied includeds$aains,
trunk orientations, shoulder and elbow angles, and angular velocities. Kineticasriabl
analyzed described the net forces and torques applied at the throwing shouldeoand el

Their kinematic variables for the males were found to be comparable to ezgéarch
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(Dillman, Fleisig et al. 1993; Fleisig, Barrentine et al. 1996; FleBagrentine et al. 1999).
The female group demonstrated similar maximum shoulder external rotagji@s auring

the throwing motion. In contrast, females had significantly less elbow extezsgular
velocity, which was found to be parallel to the results found by Atwater (Atwater.19%@)
overall pitch speed for females was significantly less in this study. €3n# of significance
was the time from foot contact to ball release was significantly gneatemales; and in
companion with the shorter arm length, helps to explain the decrease in ball \edeaity
females. Elbow varus forces were found to be 75% of males at maximum shouldealexte
rotation. Most important to note, was the female group demonstrated 55% of maximum
elbow and shoulder proximal forces compared to males. This result was sifitargly

less when scaled to body weight. The proximal forces placed upon the shoulder at the
proximal humerus have a momentous effect on the amount of torsion placed upon the
humerus, a direct link to humeral torsion variables. The conclusion presented by Chu (Chu,
Fleisig et al. 2009) indicates that females can generate similageb@amternal rotation
velocity during throwing in internal rotation as males, leading to increasedmndis and
stresses placed upon the posterior shoulder during deceleration. However, thalproxim
forces experienced at the shoulder near the humeral head were found to be moch less
females, indicating less effect of humeral torsion moments. How thesks iegéett the
amount of internal rotation, external rotation, horizontal adduction and humeral torsion

characteristics in female throwers is still undefined.

Purpose and Clinical Application
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Little attention within the literature has been focused upon softball fieldrplaybo
throw in the overhead motion that is nearly identical in biomechanics and frequehey as t
baseball player. Moreover, it has been found that injury patterns within the twoasports
noticeably similar, both the total number of injuries per participants and the typpgsries
(Loosli, Requa et al. 1992; Powell and Barber-Foss 2000; Axe, Windley et al. 2002; Hill,
Humphries et al. 2004; Werner, Guido et al. 2005; Dick, Sauers et al. 2007; Marshall,
Hamstra-Wright et al. 2007). In addition, kinetic data of the two sports support the noti
that forces and torques at the shoulder in both sports are parallel (Maffet, JohO%T;a
Barrentine, Fleisig et al. 1998; Werner, Guido et al. 2005; Werner, Jones et al. 2006; Chu,
Fleisig et al. 2009; Miller, Kaminski et al. 2009; Rojas, Provencher et al. 2009). Tthe fie
players in both sports participate and throw in the overhead motion at similar ratgs dur
analogous amounts of game and practice play.

Initial reports within studies focused on proprioception and kinetics (Dover,
Kaminski et al. 2003; Werner, Guido et al. 2005) show similar range of motion diésrenc
between limbs in softball players, which is well documented in baseball playersevét,
an evaluation by Whiteley et al (Whiteley, Ginn et al. 2009) found no significaatefiife
between baseball and softball players humeral torsion values. To date, there has aot bee
study designed to analyze both the range of motion characteristics and horseraldf
baseball and softball athletes. Therefore, the purpose of this study is to provideveorma
descriptive data on the shoulder range of motion characteristics and humeral toesitvel

softball players, and compare them to the characteristics observed in thel iptespdrs.
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Chapter 3
Methods
Populations and Recruitment
Subjects were recruited from a university population of NCAA baseball andlsoftba
athletes at The University of North Carolina at Chapel Hill and North @ar@entral

University. Subjects were male and female between the ages of 18 and 24dears ol

Subject Inclusion Criterion
Subjects were included in the study if they met the following criteria:
e NCAA athletes who participated in either baseball or softball at least 30

minutes per day for at least 4 days per week.

Subject Exclusion Criterion
Subjects were excluded from the study if they had any of the following cordit
e Current shoulder or elbow pain that had limited participation
e History of rotator cuff tear within the past year.
e History of neck injury within the past year.
e Recurring subluxations/ dislocations of the glenohumeral joint
e Upper extremity nerve pathology (Cervical Plexus and Accessory Nerve)

e Cervical spine pathology



e Scoliosis

Instrumentation
Digital Inclinometer

A Saunders Digital Inclinometer (The Saunders Group Inc, Chaska, MN) as$ous
collect range of motion data; as well as, it was paired with the diagnostisauitrd to
measure humeral torsion. The digital inclinometer can measure angte8&Qf tand is

accurate to 1.0°, as reported by the manufacturer.

Diagnostic Ultrasound

A diagnostic ultrasound (Model: LOGIQe, General Electric), with a 4ioeat
transducer was used to measure humeral torsion. The ultrasound image was used to isola
the bony prominences of the greater and lesser tuberosities and place thalgrarierus

in a standardized position.

Research Design
A cross sectional between groups study design was utilized to compare thdl baseba

and softball groups.

Procedures
Research subjects reported to a predetermined testing location on site at both the
University of North Carolina and North Carolina Central University fonglsitesting

session. The subjects read and signed an informed consent form. Following artierplana
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of the procedures, each subject underwent bilateral testing for shoulder ramgggoofand

humeral torsion. The procedures are detailed below:

Shoulder Range of Mation

Bilateral clinical internal and external rotation was measured passita a digital
inclinometer based upon the recommendation of Norkin and White (Norkin and White 1995).
The participant was lying supine on a table with 90 degrees of shoulder abduction and elbow
flexion with the forearm towards the ceiling, perpendicular to the plane aktitenent table
(defined as Dof humeral torsion). To maintain frontal plane alignment, a small towel roll
was placed under the humerus. Scapular stabilization was provided by the exiarougr
a posteriorly directed force at the acromion to isolate motion at the glenohjoiregra he
examiner passively rotated the limb to end range in internal rotation (FigujeatdgdA
external rotation (Figure 1, B) while aligning the digital inclinometgh the forearm to
record the humeral rotation angles, measured as the angle between tine émck#ne
vertical axis, perpendicular to the treatment table. Strong intrasess{on. 95,
SEM=1.36°) and intertester (ICC=.929, SEM=2.46°) reliability and precision were
demonstrated for internal rotation measurements by the investigators. tlaradidiiong
intrasession (ICC=.988, SEM=1.2°) and intertester (ICC=.911, SEM=2.56°) reliahilit
precision were demonstrated for external rotation measurements by theyatees (Myers,
Oyama et al. 2007).

Horizontal adduction was assessed with the participant lying supine on a table,
utilizing the Horizontal Adduction Assessment (HAA) method previously employekeby

investigators. The participant’s scapula was passively stabilized mefi#ttion. The
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humerus was elevated to 90 degrees of abduction and neutral rotation. The humerus was the
passively horizontally adducted while the scapula remained fully redrat the end range
of motion, the examiner measured the humeral horizontal adduction angle withla digita
inclinometer (Figure 2). This value was recorded as the amount of horizontal adducti
{Myers, 2007 #17}. The investigators of this study had previously demonstrated strong
reliability (ICC = 0.91), precision (SEM = X)Yland construct validity utilizing the HAA
(Myers, Oyama et al. 2007).
Humeral Torsion

Humeral torsion was assessed using a modification of the indirect ultraspiicg
technique originally described by Whiteley et al (Whiteley, Ginn et al. 2006) andhivioto
et al (Yamamoto, Itoi et al. 2006). With the participant lying supine on a table, the
participant’s shoulder was passively abducted and the elbow was flexed Tth&@&xaminer
positioned the ultrasound head on the anterior shoulder with the ultrasound head level to the
floor and aligned 90perpendicular to the long axis of the humerus (verified with a bubble
level). The examiner with the ultrasound head instructed the second examiner to move the
humerus into internal and external rotation until the bicipital groove of the humerwsegppe
on the center of the ultrasound image, with the line connecting the apexes ef gneat
lesser tubercles parallel to the horizontal plane (Figure 3). A grid was agptrezidisplay
of the ultrasound unit to aid examiners with positioning of the humeral tubercles. cbnd se
examiner then aligned the digital inclinometer firmly with the forearmetord the humeral
rotation angle, which was the angle from the horizontal plane in the internal rotation
direction As the ulna extends perpendicular to the elbow epicondylar axis (line thioginec

the medial and lateral epicondyles) it creates an angle that reéfleasgular difference
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between the epicondylar axis (distal humerus) and the line perpendicularitethe |
connecting the apexes of the greater and lesser tubercles, providing theschéasneral
torsion. (Figure 2). Strong intrasession (ICC=.96, SEM=2.7°), intersession.9& C=
SEM=2.39), and intertester (ICC=.98, SEM=2.0°) reliability and precision veenemstrated
for the ultrasonographic assessment demonstrated by the investigatorprotess was
repeated three times, and the average of the three trials was recotuetdwaseral torsion

measurement.

Data Reduction

The clinical internal rotation, clinical external rotation, horizontal addactiod
humeral torsion assessment were entered into Microsoft Excel (version 11.5.2 ifatiostgc
for calculation of the dependent variables. Once the means of the three trialatévabil
measurements were computed, the following data was calculated: Extéatiahrgain
(ERG), glenohumeral internal rotation deficit (GIRD), total range of motmtal range of
motion difference, humeral torsion adjusted external rotation, and humeral torsiorcgdjust
internal rotation. Clinical internal rotation (Figure 4, A) and external rotaimguge 4, B)
were defined as the three trial mean of the angle between the end rpagsie¢ internal or
external rotation and vertical. Horizontal adduction was defined as the threesiia of the
horizontal adduction angle relative horizontal. Humeral torsion was defined asethéritr
mean of the humeral rotation angle when the humerus was placed in an anatomic neutral,
standardized position where the humeral tubercles are parallel to the planeexttherit
table (Figure 4, D). ERG was defined as the difference of external rota&pm@asured

in the dominant shoulder and the non-dominant shoulder (= Dominant ER- Non-dominant
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ER). GIRD was defined as the difference of internal rotation (IR) measutbd dominant
shoulder and the non-dominant shoulder (= Dominant IR- Non-dominant IR). Total range of
motion is calculated as the sum of IR and ER (= IR + ER) (Figure 4, C). Tiote oh

motion difference was calculated as the difference between dominant limiaihgja of

motion and non-dominant limb total range of motion. Humeral torsion adjusted ER was
calculated through the sum of the measured ER and the difference of 90 andsinedea
humeral torsion (adjusted ER = ER + [90- HT]) (Figure 4, F). Humeral torsiastadjIR

was calculated through the difference of the measured IR and the difference of 8@ and t
measured humeral torsion (adjusted IR = IR — [90 — HT]) (Figure 4, E). Adjuted |

represented a side-to-side difference in extensibility of the posstaoider.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 16.0 forddhacivds
used to run the statistical analyses. An one within and one between factor ANGWA&h
to assess differences between dominant and non-dominant limbs of the baseball and softball
players, for the following dependent variables: clinical internal rotation, aliexternal
rotation, horizontal adduction, humeral torsion, humeral torsion adjusted internal rotation,
humeral torsion adjusted external rotation, and total range of motion. Indepeatietd &
tests were used to assess the difference between baseball and sbigbedl for external
rotation gain (ERG), glenohumeral internal rotation deficit (GIRD), tatiagje of motion
difference, ERG adjusted for humeral torsion, and GIRD adjusted for humerahtgkn

alpha level of .05 was set for all comparisons for statistical significanttea bonferroni
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corrected level of 0.0125 for post hoc testing of variables that demonstratedieasigni

interaction.
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Chapter 4

Results

Fifty-five baseball players (age = 1%8..1, height = 1.82 .07 meters, mass = 87.3
+ 11.0 kilograms) and twenty-eight softball players (age =49.2, height = 1.66 .06
meters, mass = 70499.7 kilograms) were tested in this study (Table 1).

Significant group by limb interaction effects were found for internalioot4tR) (F
@,81)= 16.36; p<.001; Figure 5), humeral torsion (HT) 5= 16.13 ; p<.001; Figure 6), and
total ROM (F1,81y= 5.36 ; p=.023; Figure 7). Post hoc tests using bonferroni adjustment
were completed for all significant interactions. Internal rotatioguffé 5) was significantly
less on dominant limb compared to non-dominant limb in baseball players (mean differenc
=11.4P;t=-8.12; p <.001), but was not significantly different between dominant and non-
dominant limb in softball players (mean difference = 2.7% -1.61; p =.120). Dominant
limb IR was significantly less in baseball players compared to softlagird (mean
difference = 14.18 t = -6.25; p <.001), but was not significantly different between non
dominant limb in baseball players compared to softball players (mean differ&u®; t =
-2.04; p =.045).

Humeral torsion (Figure 6) was found to be significantly greater on the dominant
limb compared to non-dominant limb in both of baseball players (mean difference £;15.25
=11.83; p <.001), and softball players (mean difference =7t825.18; p <.001). Yet,

dominant limb HT was significantly greater in baseball players than in dqgithgérs (mean



difference = 7.79 t= 3.44; p =.001), while non-dominant limb HT was not significantly
different in between baseball players and softball players (mean diféered.53; t=-.227;
p =.821).

Total ROM (Figure 7) was found to be significantly less on dominant limb compared
to the non-dominant limb in both baseball players (mean difference % 7565.83; p
<.001) but not in softball players (mean difference =2.8% -1.23; p =.231), Furthermore,
baseball players had significantly less total ROM on dominant limb comparefiitalls
players (mean difference= 1630 = -5.76; p <.001) while baseball players had significantly
less total ROM on non-dominant limb compared to softball players (mean diterenc
11.05; t= -3.53; p =.001).

There were no significant interactions in external rotation (ER), horizatdalkcton
(HA) , IR adjusted for HT, or ER adjusted for HT. However, there were limb and group
main effects for IR adjusted for HT, and ER adjusted for HT. Both baseball andlsoftba
players had increased IR adjusted for HT (mean difference = £0%:)= 13.88; p<.001),
and decreased ER adjusted for HT (mean difference = 2;%@%1)= 47.73; p<.001) on
dominant limb compared to non-dominant limb. Baseball players had less IR édjuste
HT (mean difference= 6.23F, s1)= 6.35; p =.014) and less ER adjusted for HT (mean
difference = 7.45 Fq, s1)= 9.29; p =.003) compared to softball players.

Additionally, a limb main effect was present for ER and HA. Both baseball and
softball players had increased ER (mean difference =;2F43s1)= 4.13; p =.046), and
decreased HA (mean difference = 3.2, s1)= 26.18; p<.001) on dominant limb

compared to non-dominant limb.
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For clinical measures of shoulder range of motion that accounted for limb, basebal
players demonstrated significantly greater GIRD (mean difference % &g{jl= 4.04;
p<.001; Figure 8) and less total ROM difference (mean difference % §g26= 2.33; p
=.023; Figure 9) compared to softball players. No differences were pnedeRG (mean
difference = 3.45 t1) = 1.65; p =.103). Once adjusted for HT, there was no statistical
difference between baseball and softball players’ adjusted ERG (nffsaerdie = 4.78;41)

=-1.83; p =.070) and adjusted GIRD (mean difference = yst22; p =.830).
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Chapter 5

Discussion

The goal of this study was to directly compare range of motion chasticeeand
humeral torsion of the shoulder in baseball and softball players, utilizing botlotrab@nd
an innovative measurement method that accounts for humeral torsion. The most important
finding of this study was the dominant shoulder of softball players displayed mach les
pronounced range of motion adaptations, exhibited by the baseball players in thenstud
previous studies. Softball players’ dominant shoulder had significantly less htonsicn,
and greater internal rotation and total rotation range of motion compared to bassiead,pl
using a traditional range of motion measurement (Bigliani, Codd et al. 1997, Nlikolas
et al. 2000; Altchek and Hobbs 2001; Reagan, Meister et al. 2002; Burkhart, Morgan et al.
2003; Mair, Uhl et al. 2004; Sabick, Torry et al. 2004; Borsa, Wilk et al. 2005; Levine,
Brandon et al. 2006; Myers, Laudner et al. 2006; Ruotolo, Price et al. 2006; Chant, Litchfield
et al. 2007; Clabbers, Kelly et al. 2007; Lintner, Mayol et al. 2007; McClure, Balaicals
2007; Myers, Oyama et al. 2007; Borsa, Laudner et al. 2008; Laudner, Sipes et al. 2008;
Reinold, Wilk et al. 2008; Myers and Oyama Unpublished). However, once adjusted for
humeral torsion, internal rotation and external rotation were greater in thalksplayers as
compared to the baseball players. Similarly, GIRD and bilateral daficiotal ROM were

less pronounced in softball players compared to baseball players, yet thexdi$ebecame



insignificant after accounting for humeral torsion. External rotation, ER&harizontal
adduction were found to be nearly equivalent between sports.

Although baseball and softball players perform a similar overhead throwing motion
that incorporates comparable forces when normalized to body weight and heigknh{ide,
Fleisig et al. 1998; Chu, Fleisig et al. 2009), there are many variations hetveg®vo
groups that may lead to an explanation of group differences. Anthropometricallmihle f
softball player is generally smaller, in body mass, height, size andemask, with an
associated decreased in absolute muscle strength (Wells 1991). Riegge& KeMbau
(Riegger-Krugh and LeVeau 2002) stated that female athletes gemssateuscle torque
and power, as well as maximum muscle force output occurs later during rostckections.
Furthermore, the female growth spurt is generally shorter and occlies #n their male
counterparts, allowing a longer period of time for the open epiphyseal plates aléhe m
population to be manipulated by humeral torques. A longer period of time to achieve
maximum force is supported by Chu et al (Chu, Fleisig et al. 2009), as they folald fem
baseball players took a significantly longer amount of time to complete tharrowtion
from foot contact to ball release, than their male baseball counterpartsindiovayed that
this variable could be a critical difference between genders, leadingrieades in angular
velocities and overall torques experienced at the shoulder and elbow. This conclusion is
supported by the initial findings of Atwater (Atwater 1970), which found the angellacity
during shoulder internal rotation of the male arm was 1540 deg/sec, while the &gmal
accelerated at 1036 deg/sec. Chu et al (Chu, Fleisig et al. 2009) found femalesdlisplay
only 55% of maximum proximal shoulder distraction force to that of males in the ogterhea

throwing motion. These forces were still significantly different once nlarethto body
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weight, therefore the size and weight of the male arm, typically largeheavier, is not the
only factor leading to increases of force within the male population. The dtrémtces
experienced at the humerus are counteracted by the rotator cuff creatirogpopression.
This rotator cuff inserts on the proximal humerus about the epiphyseal plates, afwlehere
increased tension of this musculature during physical maturation may haveamest

effect on local cortical development. However, the majority of alteraticihe goroximal
humerus have been attributed to rotational torques, and not distraction forces (Sabiek, K
al. 2005).

The significant differences in humeral torsion between baseball and softlyalispla
found in this study is in direct contrast to the conclusions made by Whiteley ehigdl@y,
Ginn et al. 2009). Their study showed no significant difference in mean differerarsiont
measurements between dominant and non-dominant limbs of baseball and softball players
Ultrasonography was utilized in both experiments to assess the amount of ltonseral
present in the research groups. The research subjects within our study wategsdite
aged athletes (mean age = 19.B.2), who indicated participation in overhead sports
throughout adolescence and were solely field players, not pitchers. The workteleWei
al had two softball groups; one was still experiencing physical maturatesm(age = 16.1
1.3), and the other was an amateur population (mean age £ @2p with no indication of
their participation in overhead sports during adolescence, or the position played. As
indicated, humeral torsion is developed during physical maturation and does not alter
afterwards, therefore the populations used within Whiteley et al’'s experitoerut
represent a population that is highly susceptible to variations in dominant limb humera

torsion, possibly explaining the sizeable difference between their torsiots rasdlthe
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results found in this study. In addition, Whiteley cited the lack of measureidmnalatinge
of motion as a major limitation of their study. The additional measurement ofahéand
external rotation would provide an avenue to compare soft tissue and osseous adaptations
between the study groups.

Previous studies comparing baseball player's dominant limb to their non-dominant
limb and to control subjects have established explicit range of motion alter@ighani,
Codd et al. 1997; Tyler, Nicholas et al. 2000; Reagan, Meister et al. 2002; Myers, Letudner
al. 2006; Ruotolo, Price et al. 2006; Lintner, Mayol et al. 2007; Myers, Oyama et al. 2007;
Myers and Oyama Unpublished). Our results were consistent with this liggrstioming
decreased internal rotation, horizontal adduction, and increased external rotateenbe
limbs in the baseball players. Total range of motion was also significantlyaged in
baseball players’ dominant limbs compared to non-dominant limbs. While these aesults
consistent with previous literature, little research on the same variedddseen recorded in
softball players (Dover, Kaminski et al. 2003; Werner, Guido et al. 2005). Oussresult
indicated much less pronounced variation between softball players’ dominant and non-
dominant limbs for internal rotation, external rotation, horizontal adduction, total, ROM
GIRD and ERG. These results are consistent with our hypotheses, thdl glaffleas will
exhibit significantly less adaptation to shoulder range of motion charéicteirstheir
dominant limbs, as compared to baseball players.

Humeral torsion has recently been assessed as a chief contributor tmatiéna
range of motion characteristics in the shoulder of overhead athletek@r@ross et al.
2002; Osbahr, Cannon et al. 2002; Reagan, Meister et al. 2002; Whiteley, Ginn et al. 2006;

Schwab and Blanch 2009; Myers and Oyama Unpublished). Alterations in humeral torsion
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are created through opposing torques acting upon the proximal humerus during the late
cocking phase into the acceleration phase of throwing. These opposing torques create a
twisting effect upon the long axis of the humerus to increase the amount of humeal tors
over time as this motion is excessively repeated. In our experiment, hum&al teas

again found to be on average 14 degrees greater in the dominant limb of the baseball player
as compared to their non-dominant limb, which is consistent with the literature offtredls
athlete also displayed an average increase of 7 degrees in humeral torsiondotineant

limb. These findings support out hypothesis, that bilateral difference in huiorsiah

would be less profound in the softball players’ dominant limb as compared to the baseball
group. Despite the greater amount of humeral torsion found in baseball playersfthadl s
players’ dominant limbs, this is the first body of work to document significant htimera
torsion adaptations in a population of softball players.

Within our study, we have four variables that are adjusted for humeral torsion. This
adjustment has recently been suggested to isolate the total range of ntetaiioak in the
shoulder that are attributed to soft tissue contracture or lengthening, ascojaptbese
traditional thought that all variations in range of motion were caused by so# tiss
differences. (Schwab and Blanch 2009; Myers and Oyama Unpublished). The aajustme
for humeral torsion redefines the point of neutral for measuring internal amdadxtgation
to the position where the proximal humerus is placed at a standard position. Once this
standard position is established, each subject can have his or her internal antl externa
rotation ranges of motion adjusted for humeral torsion. As mentioned, baseball payers
been found to exhibit decreased internal rotation and horizontal adduction, and increased

external rotation. While these values have traditionally been attributett tessue
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variations, redefining humeral torsion neutral truly isolates the amount a&uti@hrof soft
tissue discrepancy. If the values of adjusted internal and external rotati@ebetominant
and non-dominant limbs are assessed, a true soft tissue deficit can be foullldssghrthat
deficits direction. Whether a deficit in soft tissue internal or externdloots found after
adjusting for torsion, without the application of torsion it cannot be attributed to only soft
tissue contracture. Therefore, it is possible to segregate the direction and ansodint of
tissue manipulation necessary to return a dominant limb towards equilibrium.

We found that once torsion was applied to the humeral rotation range of motion, the
between limb differences were much smaller in total degrees, which is eahgigh the
small amount of research that already exists surrounding humeral torsiomadijiss
(Schwab and Blanch 2009; Myers and Oyama Unpublished). The development of torsion in
the proximal humerus is considered to occur through repeated overhead high velocity
movements, such as throwing a baseball or softball, during physical maturatieth&hi
highly ineffectual proximal humeral physis is open. Humeral torsion adjustedahte
rotation had a smaller mean difference, 4 degrees difference betweentharbslinical
internal rotation. Humeral torsion adjusted external rotation’s mean diffenerscound to
be less between limb and sport. Although the interaction of adjusted external rotetion w
not significant (p =.07), it could be said that there was a trend towards an ovecall ef
between the sports and limbs. Conceptually, if both the adjusted internal rotation and
external rotation are equal between dominant and non-dominant limbs, the bilateral
difference in internal rotation and external rotation is due to torsion effextsoft tissue
transformations. In our experiment, while the adjusted internal rotation wég near

equivalent, the adjusted external rotation was greater in the non-dominant limbjngdicat
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soft tissue structures were causing a decrease in the available amextetdl rotation in
the dominant limb. This is contrary to the traditional belief that overheadestinéetge of
motion adaptation are purely caused by stresses and adaptation of the posteder shoul
musculature and stretching of the anterior joint capsule, directly decre@igingl rotation
and increasing external rotation. Therefore, significant decreases iteddjuternal
rotation between baseball players’ dominant and non-dominant limbs is a notexgsttly
and warrants further investigation in the future to ensure the traditionabtlpiproach of
attacking purely internal rotation deficits in baseball players may nessddc

The adjusted measurement for GIRD indicates an average of only 3.8 degress great
internal rotation in the dominant limb caused by soft tissue adaptations. Adjusted ERG
accounted for 11.4 degrees less ERG in the non-dominant limb of baseball players. These
results were not found to be significantly greater than the softball playetanscon was
accounted, as they displayed 4.3 degrees greater GIRD in their non-dominamditb a
degrees less ERG. Both groups displayed less ERG once adjusted for humeral torsion,
indicating a deficit in the external rotation direction that is attribudgalitely soft tissue
adaptive changes.

A further analysis of the data within our experiment shows total range of motion
difference of 7.6 degrees less in the dominant limb for baseball players, andr2&sde
greater in softball players. Theoretically, total range of motion should nofeatesf by the
amount of torsion present, as it is merely a shift in the location of the motion and should be
equal between limbs. The significant decrease in total range of motion in thellbaseba

players could be attributed to purely soft tissue adaptations, and addressed thebcighgt
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programs. Whether or not this decrease in total ROM in baseball playerdbiseaditto IR
or ER deficits is still up for debate, and warrants further investigation.

The presence of humeral torsion, and its assessment using the ultrasonography
method have been firmly established as valid (Whiteley, Ginn et al. 2006; Yamamicto, |
al. 2006; Schwab and Blanch 2009; Myers and Oyama Unpublished). Using the quick
assessment of torsion can lead to more precise individualized assessment of shoulde
characteristics on a clinical exam. This allows the clinician to tregsasthe influences of
bony versus soft tissue effects on dominant shoulder changes in both the athletic ald gener
population; thereafter allowing more accurately implemented rehabititexiercises,
specifically the stretching program.

Although the softball players did not exhibit as great an adaptation to their sport in
the dominant shoulder, the use of humeral torsion to accurately assess shoulder
characteristics should be considered for the softball population. As softbalisptay¢inue
to sustain similar injuries to their baseball counterparts, their treatesdmiques must be
consistent with evidence-based practice utilized in the rehabilitation of Hgdalyals.

While the overall population of softball shoulders has smaller variations in ranggiohm
differences, there still exists the need to implement a throwing artohstige and

strengthening program. The stretching program should be tailored to eaatiualdi

shoulder. The presence of humeral torsion should be taken into account when prescribing the
amount and direction of stretching for the athlete’s shoulder. While the curreartales

indicates that torsion must be assessed to have a complete understanding ofdahgerae r

motion characteristics, not everyone has access to torsion assessmentietord, a full

assessment of both dominant and non-dominant limb range of motion, in a scapular stabilized
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position should be completed to fully compare total range of motion differences,
subsequently inferring the amount of decreased motion, whether that be internafmalex
rotation. It is not possible for the clinician to determine the direction of motiowithout

the use of a humeral torsion assessment. However, a baseline assessmeiohafaioget of
motion can provide a foundation for the clinician to refer to at a later date given shoulder
pathology. At that time, if the overhead athlete displays deficits in internakserda
rotation compared to their baseline measurements, the direction of deficit cdarbard,
and the appropriate direction for a stretching protocol can be implemented.

Whether male or female, the amount of humeral torsion present is considered stati
once the athlete has matured. Measuring humeral torsion can be accomplished imoca, dur
preseason evaluation for example, in combination with measurements of the shoulder
rotation range of motion and horizontal adduction. Thereafter, humeral torsion can be
applied to range of motion measurements, and any variation from these adjstades e
the future would be purely soft tissue in nature, indicating to the cliniciaatibmchanges
are part of the foundation in upper extremity pathology. If an injury is present, and the
athlete’s range of motion measurements are greatly skewed from thainbanarks, it
would indicate which structures may be short and tight, or loose and weak; diradthgl&o

a clinician implementing a specified rehabilitation protocol.

Limitations
The greatest limitation of our research was the total number of softbaliplaye
enrolled in the study, and lack of control group. While several more softbaltplages

evaluated, their data were not included in the analysis due to their primaryagllteker in
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their sport. An evaluation of their playing history revealed they participatpdchers only

in high school during their physical maturation, as well as in college. Whiledkasa

exists to suggest similar forces are experienced at the shoulder lbastizall and softball

pitch (Barrentine, Fleisig et al. 1998; Werner, Guido et al. 2005), their kinemat®s are

highly variable the data from pitchers in softball was not included in the an&tyaddition,

a control group was not used for either the male or female population. While the subjects’

non-dominant limb is used as the reference point, a matched control group would give more

concrete conclusion stemming from the results. It has been found that control groups in

studies of male baseball players’ humeral torsion can exhibit up to 6 degrees adlhume

torsion bilateral difference on average (Crockett, Gross et al. 2002; MyeQyama

Unpublished), therefore making the mean difference of 7 degrees of humeral torsion in our

softball study group less distinct. In addition, the population studied in this expémnas

completely healthy. Therefore, it is not possible to determine at this time mieasurements

of ROM and humeral torsion are affected within a group with shoulder or elbow injury.
The research subjects in our study average age 19.4 years. While feswales

reached physical maturity by the age of 19, several of the males in thisreydot have

reached physical maturity. This indicates that these baseball plaggexperience a

further alteration in humeral torsion. If these players’ epiphyseal platesioaclosed, they

could experience increased torsion effects during the next few yearditiorgdhe time

frame during which physical maturation is experienced is in general longbeeforale

population (Riegger-Krugh and LeVeau 2002). A longer growth period in turn creates a

greater amount of time during which the epiphyseal plates are open and subject to

manipulation through humeral torques.
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Future Research

Softball shoulder range of motion and torsion variables were found to be overall
much less pronounced than their baseball counterparts. While this study is toe first
address softball players range of motion between dominant and non-dominant limbs, we only
compared the variables within limb and to baseball players. Further intiestigéo the
presence of shoulder range of motion and torsion adaptations between a softball and control
population of females would give a larger insight into the amount of variabilitytre af
softball actually imparts on the female overhead athlete shoulder. In additiemgkearch
exists that compares the kinematics and kinetics of the overhead softbaltdahheawv
baseball throw (Chu, Fleisig et al. 2009). An overall biomechanical analybis o¥¢rhead
baseball and softball throw including field players may reveal speatfioriathat

differentiate the two groups of shoulders.

Conclusion

The results of this study demonstrate less pronounced adaptation in rang®if mot
characteristics and humeral torsion in the dominant softball shoulder, as comphged to t
baseball players in this study and previous literature. Still, humeral torampresent in the
dominant limbs for both baseball and softball players, and was highly influential on the
shoulder rotation range of motion variables. From these results, we concludetbiadk sof
players do develop variations in range of motion characteristics including huorsiah,
but these variations are much less pronounced than their baseball counterparts bawfithi

populations, these adaptations are greatly influenced by the amount of torsemt. pres
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Regardless of the sport played, clinicians with access to humeral torsissnasseshould
implement the measurement into their baseline evaluation, allowing the fdjuséngents in
shoulder range of motion to be pinpointed to a specific source or direction. In a population
of physically mature athletes, the value or humeral torsion will give thetatthd clinician

a better understanding of how to treat and prevent subsequent pathology.
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Chapter 6
Manuscript
INTRODUCTION

Shoulder and elbow pain are common complaints among overhead athleta® tha
often addressed by sports medicine clinicians, as a result cégghative nature of overhead
sport. Specifically, repetitive high velocity overhead motion$opered by baseball players
has been suggested to contribute to a higher susceptibility to shimjlalgr(Altchek, 1995;
Burkhart, 2003; Burkhart, 2003; Fleisig, 1996; Kibler, 1998; Kibler, 2003; Souza, 1994;
Wilk, 2002). While the shoulder of the baseball player has recawbstantial attention,
sports medicine research assessing the shoulder of the softlyelt [@ limited, despite the
fact that the prevalence of shoulder injuries in softball ptaysrallels that of baseball
athletes (Loosli, Requa et al. 1992; Flyger, Button et al. 2006; Wang 20&&hall,
Hamstra-Wright et al. 2007).

While softball and baseball exhibit differing pitching motions and participatiorishabi
(pitching frequency and pitch count), the repetitive motion used in both games isribeypri
factor placing the upper extremity, particularly the shoulder and elbow,hatiskgfor
overuse injuries (Lyman, Fleisig et al. 2002). In addition to pitchers, the posgigerpin
both baseball and softball exhibit high injury patterns to the upper extremirg Bae,

Fleisig et al. 1998; Powell and Barber-Foss 2000). In an analysis of the NGAR inj

Surveillance System (ISS) data from 1988 to 2004, 45% of all time lost from baseball (f



practice and games) due to injury were attributed to upper extremity snfriek, Sauers et
al. 2007). More specifically, shoulder injuries accounted for 23% of the injuries during
practice and 16% during games for that entire time period. Further analiyise NCAA

ISS data from 1988 to 2004 reveals strikingly similar injury rates for catkegoftball

players (Marshall, Hamstra-Wright et al. 2007). One third of all softbalii@g were

located in the upper extremity. Moreover, a study of only shoulder injuries in high school
athletics between 2005-2007 indicated that sprains/strain injuries to the shouatuertad

for 55-52 percent of all injuries for both baseball and softball (Bonza, Fields, & &awn
Comstock, 2009). The same study also indicated that the overhead throwing motion was
twice as likely to be the cause a shoulder injury in the population of softball pl&a§e2%o]
than in the baseball players (24.3%), who were not pitchers in both sports. Additionally, the
same study found the softball athlete’s shoulder had slightly higher ratgargfdue to
overuse/chronic mechanism than those of baseball players.

The female athlete overall has less mass, height, ovezall siuscles mass, limb
length, and absolute muscle strength (Wells 1991). Biomechanitiadlymotions used by
baseball and softball pitchers differ greatly; however, the anoéxhibited by the field
players, the majority of the players on the field, is strikingiiyilar. To date, research
surrounding the overhead athlete’s range of motion characteristics hbtliées has favored
baseball players as the research subjects. As mentioned, there is sulestdetiale showing
alterations in range of motion characteristics of baseball @ageminant shoulder as
compared to their non-dominant arm, and to non-overhead athletes r{Bigladd et al.
1997; Crockett, Gross et al. 2002; Reagan, Meister et al. 2002; M&stgret al. 2005;

Levine, Brandon et al. 2006; Myers, Laudner et al. 2006; Ruotolo, Prate 2006; Chant,
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Litchfield et al. 2007; Lintner, Mayol et al. 2007; Borsa, Laudner.e2@08; Reinold, Wilk

et al. 2008). The general pattern of adaptation in the basebgdrplshoulder presents as
increased external rotation, and decreased internal rotation, horiaddtzction and total
range of motion (Altchek, 2001; Bigliani, 1997; Borsa, 2008; Borsa, 2005; Bur20a3,

Chant, 2007; Clabbers, 2007; I1zumi, 2008; Jobe, 1989; Kibler, 1998; Krahl, 1947; Laudner,
2008; Lephart, 1994, Levine, 2006; Lintner, 2007; Lintner, 2008; Mair, 2004; Me2§1@0;
Meister, 2005; Murray, 2001; Myers, 2006; Myers, Unpublished; Myers, 2007;hf)sba
2002; Park, 2002; Park, 2002; Reinold, 2008; Ruotolo, 2006; Sabick, 2004; Safran, 2001,
Tyler, 2000; Werner, 1993; Whiteley, 2009; Wilk, 2002).

Osseous adaptations of the humerus in overhead athlete have a direct influence on
range of motion characteristics (Crockett, Gross et al. 2002; Borsa, WilkR608), and are
referred to as humeral torsion (Crockett, Gross et al. 2002; Borsa, Wilk et al. 200®yaHum
torsion occurs in response to repetitive opposing muscle torques acting upon the humerus
during physical maturation as the proximal humeral physis is directly itffge(Sabick,

Torry et al. 2004; Chant, Litchfield et al. 2007). As the angle between the axis through the
center of the humeral head and the axis of the elbow increases over time, thad rantien
characteristics of the players shoulder permanently change. Furthecordracture of the
posterior capsule and musculature leads to decreased horizontal adduction rangeof moti
known often as posterior shoulder tightness (PST). In response to the combination of
decreased horizontal adduction (Karduna, Williams et al. 1996; Kuhn, Huston et al. 2005)
and humeral torsion (Crockett, Gross et al. 2002; Osbahr, Cannon et al. 2002; Reagan,
Meister et al. 2002) alterations in glenohumeral range of motion presentlitimoast

notably through internal rotation. Baseball players have increased torsicegsiet
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horizontal adduction, and shifts in their total arc of motion due to the repetitive nature of
their sport, specifically during physical maturation.

While a wealth of literature has traditionally attributed these shiftarige of motion
to the contracture of the posterior shoulder capsule and musculature (Tyler, dethalla
2000; Myers, Laudner et al. 2006; McClure, Balaicuis et al. 2007; Laudner, Sipes et al.
2008), recent evidence has suggested that torsion has a greater role in predigéraf r
motion alterations. A study performed by Myers et al (Myers and Oyama Urnpad)lis
suggests that when glenohumeral rotation range of motion alterations within timadiom
limb of overhead athletes is adjusted for humeral torsion, the differences-side;tand
compared to control subjects, is much less observable. While decreases inrotatioal
would be addressed through soft tissue stretching programs, accounting for horsieral t
has indicated that deficits in internal range of motion are mostly osseous @aidrthe
incapable of being manipulated by a clinical stretching program. Whalnaitand external
rotation individually are affected by repeated overhead activity and humesiahtahe total
humeral rotation range of motion should not be manipulated by the presence of torsion
differences. This allows the measurement of total humeral rotation rangeionno be
used as a direct clinical assessment of shoulder adaptive articular ctieatigeay lead to
injury.

Injury rates of baseball and softball players, regardless of position, al& simi
(Loosli, Requa et al. 1992; Maffet, Jobe et al. 1997; Hill, Humphries et al. 2004; Werner,
Guido et al. 2005; Werner, Jones et al. 2006; Rojas, Provencher et al. 2009). In addition, the
stresses placed on shoulder of both baseball and softball field players have been found to

similar (Barrentine, Fleisig et al. 1998; Werner, Guido et al. 2005; Chu, Flemsig2€09;
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Miller, Kaminski et al. 2009; Rojas, Provencher et al. 2009). Field position players inlsoftba
and baseball complete repetitive overhead throwing in a similar motion that dda lea
overuse injuries. The repetitive motion of throwing has been found to causecsitenat
range of motion of baseball players during physical maturation (Lymasigrée al. 2001;
Mair, Uhl et al. 2004; Meister, Day et al. 2005), but has not been directly linked to Isoftbal
players. The female overhead athlete has been found to exhibit alteratimmgarof motion
(Dover, Kaminski et al. 2003; Werner, Guido et al. 2005). However, the alteration is often
believed to be not as significant as their male counterparts, and the ldenattange of
motion characteristics of the softball players is still very limi@over, Kaminski et al.
2003; Werner, Guido et al. 2005; Flyger, Button et al. 2006; Whiteley, Ginn et al. 2009).
Whiteley et al (Whiteley, Ginn et al. 2009) are the only group to evaluate alutmesion in
softball players, to date. This initial study of humeral torsion in softball fdaydicated
that there was no significant difference in torsion measurement of both adudtcescant
baseball and softball players. In this study, there was no comparison to intereaieandl
rotation range of motion values, or posterior shoulder tightness. The mean défgren
dominant limb torsion for both the adult and adolescent population was 1.7 and 0.5 degrees
respectively. The population of softball players studied was recruited from séeuama
competition for older adults and an adolescent population that had not yet achieved physica
maturity.

Further investigation into the presence of these characteristicslsdieethe
population of softball players. It is the purpose of this study to compare ramg¢ion and

humeral torsion characteristics of the overhead baseball and softball athletes.
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METHODS
Subjects

Fifty-five baseball players (age = 1%3.1, height = 1.82 .07 meters, mass = 87.3
+ 11.0 kilograms) and twenty-eight softball players (age =49.2, height = 1.66 .06
meters, mass = 70499.7 kilograms) were tested in this study (Table 1). Subjects were
excluded from the study if they had any current shoulder or elbow pain that had limite
participation, a history of rotator cuff tear within the past year, a histarga¥ injury within
the past year, recurring subluxations/ dislocations of the glenohumeraljgier extremity
nerve pathology (cervical plexus and accessory nerve), cervical spine pathosogyiosis.
Research subjects reported to a predetermined testing location on sitenfpie &esiting
session. The subjects read and signed an informed consent form. Following anierplanat
of the procedures, each subject underwent bilateral testing for shoulder ramgggoofand

humeral torsion.

Instrumentation

A Saunders Digital Inclinometer (The Saunders Group Inc, ChiEkawas used to
collect range of motion data; as well as, it was paireth Wit diagnostic ultrasound to
measure humeral torsion. The digital inclinometer can measutesang to 360° and is
accurate to 1.0°, as reported by the manufacturer.

A diagnostic ultrasound (Model: LOGIQe, General Electric), with a 4ioeat
transducer was used to measure humeral torsion. The ultrasound image was used to isola
the bony prominences of the greater and lesser tuberosities and place thalgrorierus

in a standardized position.
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Procedures

Bilateral clinical internal and external rotation was measured passgiith the
participant lying supine on a table with 90 degrees of shoulder abduction and elbow flexi
with the forearm towards the ceiling, perpendicular to the plane of the treaailent t
(defined as Dof humeral torsion). To maintain frontal plane alignment, a small towel roll
was placed under the humerus. Scapular stabilization was provided by the exiaraugdr
a posteriorly directed force at the acromion to isolate motion at the glenohjoireéra he
examiner passively rotated the limb to end range in internal rotation (FigureaadA)
external rotation (Figure 1, B) while aligning the digital inclinometgh the forearm to
record the humeral rotation angles, measured as the angle between tine &k #ne
vertical axis, perpendicular to the treatment table. Strong intrasess{on. 95,
SEM=1.36°) and intertester (ICC=.929, SEM=2.46°) reliability and precision were
demonstrated for internal rotation measurements by the investigators. tlaradidiiong
intrasession (ICC=.988, SEM=1.2°) and intertester (ICC=.911, SEM=2.56°) reliahilit
precision were demonstrated for external rotation measurements by theyatees (Myers,
Oyama et al. 2007).

Horizontal adduction was assessed with the participant lying supine on a table,
utilizing the HAA method previously employed by the investigators. Thicgent’s
scapula was passively stabilized in full retraction. The humerus was el¢v&@ degrees of
abduction and neutral rotation. The humerus was then passively horizontally adducted while
the scapula remained fully retracted. At the end range of motion, the exarsasured the

humeral horizontal adduction angle with a digital inclinometer (Figure 2). This vas
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recorded as the amount of horizontal adduction (Myers, Oyama et al. 2007). The
investigators of this study had previously demonstrated strong religbili@/= 0.91),
precision (SEM = 1.%) and construct validity utilizing the HAA (Myers, Oyama et al. 2007).
Humeral torsion was assessed with the participant lying supine on a table, the
participant’s shoulder was passively abducted and the elbow was flexed Th&@&xaminer
positioned the ultrasound head on the anterior shoulder with the ultrasound head level to the
floor and aligned 90perpendicular to the long axis of the humerus (verified with a bubble
level). The examiner with the ultrasound head instructed the second examiner to move the
humerus into internal and external rotation until the bicipital groove of the humerwsegppe
on the center of the ultrasound image, with the line connecting the apexedeaf gnela
lesser tubercles parallel to the horizontal plane (Figure 3). A grid was agptrezidisplay
of the ultrasound unit to aid examiners with positioning of the humeral tubercles. cbnd se
examiner then aligned the digital inclinometer firmly with the foretrmecord the humeral
rotation angle, which was the angle from the horizontal plane in the internal rotation
direction As the ulna extends perpendicular to the elbow epicondylar axis (line thioginec
the medial and lateral epicondyles) it creates an angle that reflea@sgular difference
between the epicondylar axis (distal humerus) and the line perpendicularitethe |
connecting the apexes of the greater and lesser tubercles, providing tbeschbasneral
torsion. (Figure 2). Strong intrasession (ICC=.96, SEM=2.7°), intersession.9&;C=
SEM=2.3°), and intertester (ICC=.98, SEM=2.0°) reliability and precision veenemstrated
for the ultrasonographic assessment demonstrated by the investigatorprotess was
repeated three times, and the average of the three trials was recotuetdwaseral torsion

measurement.
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Outcome Measures

The clinical internal rotation, clinical external rotation, horizontal addactad
humeral torsion assessment were entered into Microsoft Excel (version 11.5.2 ifatiostgc
for calculation of the dependent variables. Once the means of the three trailatévabil
measurements were computed, the following data was calculated: Ext¢atiahrgain
(ERG), glenohumeral internal rotation deficit (GIRD), total range of metmtal range of
motion difference, humeral torsion adjusted external rotation, and humeral torsiorcgdjust
internal rotation. Clinical internal rotation (Figure 4, A) and external amgfigure 4, B)
were defined as the three trial mean of the angle between the end rpagsioé internal or
external rotation and a starting position where the forearm points superiorly in a
perpendicular relationship to the treatment table. Horizontal adduction was dsfthed a
three trial mean of the horizontal adduction angle relative to the plane cédhment table.
Humeral torsion was defined as the three trial mean of the humeral rotationvaegléhe
humerus was placed in an anatomic neutral, standardized position where the humeral
tubercles are parallel to the plane of the treatment table (Figure 4, D). &R@Gefined as
the difference of external rotation (ER) measured in the dominant shoulder and the non-
dominant shoulder (= Dominant ER- Non-dominant ER). GIRD was defined as the
difference of internal rotation (IR) measured in the dominant shoulder and the non+stomina
shoulder (= Dominant IR- Non-dominant IR). Total range of motion is calculatdgtaum
of IR and ER (= IR + ER) (Figure 4, C). Total range of motion differencecabkulated as
the difference between dominant limb total range of motion and non-dominant limb total

range of motion. Humeral torsion adjusted ER was calculated through the sum of the
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measured ER and the difference of 90 and the measured humeral torsion (adjusted®ERG = E
+ [90- HT]) (Figure 4, F). Humeral torsion adjusted IR was calculated thrbegtifference

of the measured IR and the difference of 90 and the measured humeral torsion (adjusted
GIRD = IR —[90 — HT]) (Figure 1). Adjusted GIRD represented a sidedéifference in

extensibility of the posterior shoulder.

Statistics

Statistical Package for the Social Sciences (SPSS) velsinfor Macintosh was
used to run the statistical analyses. An one within and one betacen ANOVA was used
to assess differences between dominant and non-dominant limbs of ébalbasd softball
players, for the following dependent variables: clinical intero&tion, clinical external
rotation, horizontal adduction, humeral torsion, humeral torsion adjustadahtetation,
humeral torsion adjusted external rotation, and total range of moti@pdndent sample t-
tests were used to assess the difference between basebsdifdnadl athletes for external
rotation gain (ERG), glenohumeral internal rotation deficit (GIRiD)al range of motion
difference, ERG adjusted for humeral torsion, and GIRD adjusteduimeral torsion. An
alpha level of .05 was set for all comparisons for stagissgnificance, with a bonferroni
corrected level of 0.0125 for post hoc testing of variables that deratmtsta significant

interaction effect.

Results
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Fifty-five baseball players (age = 1%3..1, height = 1.82 .07 meters, mass = 87.3
+ 11.0 kilograms) and twenty-eight softball players (age =49.2, height = 1.66 .06
meters, mass = 70499.7 kilograms) were tested in this study (Table 1).

Significant group by limb interaction effects were found for internalioot4tR) (F
@,81)= 16.36; p<.001; Figure 5), humeral torsion (HT) 5= 16.13 ; p<.001; Figure 6), and
total ROM (F1,81y= 5.36 ; p=.023; Figure 7). Post hoc tests using bonferroni adjustment
were completed for all significant interactions. Internal rotatioguffé 5) was significantly
less on dominant limb compared to non-dominant limb in baseball players (mean differenc
=11.4P;t=-8.12; p <.001), but was not significantly different between dominant and non-
dominant limb in softball players (mean difference = 2.7% -1.61; p =.120). Dominant
limb IR was significantly less baseball players compared to softbg#nsldmean difference
=14.16; t = -6.25; p <.001), but was not significantly different between non dominant limb
in baseball players compared to softball players (mean difference % 6:42.04; p =.045).

Humeral torsion (Figure 6) was found to be significantly greater on the dominant
limb compared to non-dominant limb in both of baseball players (mean difference £;15.25
=11.83; p <.001), and softball players (mean difference =7t825.18; p <.001). Yet,
dominant limb HT was significantly greater in baseball players than in dqithgérs (mean
difference = 7.78 t= 3.44; p =.001), while non-dominant limb HT was not significantly
different in baseball players than in softball players (mean difference & 0:53227; p
=.821).

Total ROM (Figure 7) was found to be significantly less on dominant limb compared
to the non-dominant limb in both baseball players (mean difference % 7565.83; p

<.001) but not in softball players (mean difference =2.8% -1.23; p =.231), Furthermore,
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baseball players had significantly less total ROM on dominant limb comparefiltalls
players (mean difference= 1630 = -5.76; p <.001) while baseball players had significantly
less total ROM on non-dominant limb compared to softball players (mean diterenc
11.05; t= -3.53; p =.001).

There were no significant interactions in external rotation (ER), horizatdalkton
(HA) , IR adjusted for HT, or ER adjusted for HT. However, there were limb and group
main effects for IR adjusted for HT, and ER adjusted for HT. Both baseball andlsoftba
players had increased IR adjusted for HT (mean difference = £0%:)= 13.88; p<.001),
and decreased ER adjusted for HT (mean difference = 2;%@%1)= 47.73; p<.001) on
dominant limb compared to non-dominant limb. Baseball players had less IR édjuste
HT (mean difference= 6.23F, s1)= 6.35; p =.014) and less ER adjusted for HT (mean
difference = 7.45 Fq, s1)= 9.29; p =.003) compared to softball players.

Additionally, a limb main effect was present for ER and HA. Both baseball and
softball players had increased ER (mean difference =;243g1)= 4.13; p =.046),
decreased HA (mean difference = 3.2(H;, s1y= 26.18; p<.001) on dominant limb
compared to non-dominant limb.

For clinical measures of shoulder range of motion that accounted for limb, basebal
players demonstrated significantly greater GIRD (mean difference % &g{jl= 4.04;
p<.001; Figure 8) and less total ROM difference (mean difference % §g26= 2.33; p
=.023; Figure 9) compared to softball players. No differences were pnedeRG (mean
difference = 3.45 t1) = 1.65; p =.103). Once adjusted for HT, there was no statistical
difference between baseball and softball players’ adjusted ERG (nffsaerdie = 4.78;41)
=-1.83; p =.070) and adjusted GIRD (mean difference = yst22; p =.830).
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Discussion

The goal of this study was to directly compare range of motion chasticeeand
humeral torsion of the shoulder in baseball and softball players, utilizing botlotraband
an innovative measurement method that accounts for humeral torsion. The most important
finding of this study was the dominant shoulder of softball players displayed mach les
pronounced range of motion adaptations, exhibited by the baseball players in thenstud
previous studies. Softball players’ dominant shoulder had significantly less htonsicn,
and greater internal rotation and total rotation range of motion compared to bpsieat,
using a traditional range of motion measurement (Bigliani, Codd et al. 1997, Nligkolas
et al. 2000; Altchek and Hobbs 2001; Reagan, Meister et al. 2002; Burkhart, Morgan et al.
2003; Mair, Uhl et al. 2004; Sabick, Torry et al. 2004; Borsa, Wilk et al. 2005; Levine,
Brandon et al. 2006; Myers, Laudner et al. 2006; Ruotolo, Price et al. 2006; Chant, Litchfield
et al. 2007; Clabbers, Kelly et al. 2007; Lintner, Mayol et al. 2007; McClure, Balaicals
2007; Myers, Oyama et al. 2007; Borsa, Laudner et al. 2008; Laudner, Sipes et al. 2008;
Reinold, Wilk et al. 2008; Myers and Oyam, In Press). However, once adjusted for humera
torsion, internal rotation and external rotation were greater in the softbaplay
compared to the baseball players. Similarly, GIRD and bilateral daficiotal ROM were
less pronounced in softball players compared to baseball players, yet thexdi$ebecame
insignificant after accounting for humeral torsion. External rotation, ER&harizontal
adduction were found to be nearly equivalent between sports.

Although baseball and softball players perform a similar overhead throwing motion

that incorporates comparable forces when normalized to body weight and heigknh{ide,
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Fleisig et al. 1998; Chu, Fleisig et al. 2009), there are many variations hetveg®vo
groups that may lead to an explanation of group differences. Anthropometricallmihle f
softball player is generally smaller, in body mass, height, size andemuask, with an
associated decreased in absolute muscle strength (Wells 1991). Riegge&KeNbau
(Riegger-Krugh and LeVeau 2002) stated that female athletes gemssateuscle torque
and power, as well as maximum muscle force output occurs later during nargcketions.
Furthermore, the female growth spurt is generally short than theircmahterparts,
allowing a longer period of time for the open epiphyseal plates of the male popudi®n t
manipulated by humeral torques. A longer period of time to achieve maximum force is
supported by Chu et al (Chu, Fleisig et al. 2009), as they found female baseleadl fma

a significantly longer amount of time to complete the throwing motion from foot ¢dotac
ball release, than their male baseball counterparts. They indicated thatridilide could be
a critical difference between genders, leading to decreasesulaawmelocities and overall
torques experienced at the shoulder and elbow. This conclusion is supported by the initial
findings of Atwater (Atwater 1970), which found the angular velocity during shoulder
internal rotation of the male arm was 1540 deg/sec, while the female armratamtht 1036
deg/sec. Chu et al (Chu, Fleisig et al. 2009) found females displayed only 55%mtmax
proximal shoulder distraction force to that of males in the overhead throwing motiore Thes
forces were still significantly different once normalized to body weltjetrefore the size
and weight of the male arm, typically larger and heavier, is not the only faatimdeto
increases of force within the male population. The distraction forces experegribe
humerus are counteracted by the rotator cuff creating joint compression. Tiuscoth

inserts on the proximal humerus about the epiphyseal plates, and thereforsenhteeaion
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of this musculature during physical maturation may have a permanesttaeffcal cortical
development. However, the majority of alterations at the proximal humerus leave be
attributed to rotational torques, and not distraction forces (Sabick, Kim et al. 2005).
The significant differences in humeral torsion between baseball and softlyalispla
found in this study is in direct contrast to the conclusions made by Whiteley ehiad|@y,
Ginn et al. 2009). Their study showed no significant difference in mean differetarsioh
measurements between dominant and non-dominant limbs of baseball and softball players
Ultrasonography was utilized in both experiments to assess the amount of horsemal t
present in the research groups. The research subjects within our study wategsdite
aged athletes (mean age = 19.B.2), who indicated participation in overhead sports
throughout adolescence and were solely field players, not pitchers. The workteleWei
al had two softball groups; one was still experiencing physical maturatesm(age = 16.1
1.3), and the other was an amateur population (mean age = 82}, with no indication of
their participation in overhead sports during adolescence, or the position played. As
indicated, humeral torsion is developed during physical maturation and does not alter
afterwards, therefore the populations used within Whiteley et al’'s experitoerut
represent a population that is highly susceptible to variations in dominant limb humeral
torsion, possibly explaining the sizeable difference between their torsiots rasdlthe
results found in this study. In addition, Whiteley cited the lack of measureimnalaiange
of motion as a major limitation of their study. The additional measurement ofahéand
external rotation would provide an avenue to compare soft tissue and osseous adaptations

between the study groups.
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Previous studies comparing baseball player's dominant limb to their non-dominant
limb and to control subjects have established explicit range of motion alter@ighani,
Codd et al. 1997; Tyler, Nicholas et al. 2000; Reagan, Meister et al. 2002; Myers, Letudner
al. 2006; Ruotolo, Price et al. 2006; Lintner, Mayol et al. 2007; Myers, Oyama et al. 2007;
Myers and Oyama, In Press). Our results were consistent with trasuresrshowing
decreased internal rotation, horizontal adduction, and increased external rotateenbe
limbs in the baseball players. Total range of motion was also significactiyaded in
baseball players’ dominant limbs compared to non-dominant limbs. While these aesults
consistent with previous literature, little research on the same variablegsdé@recorded in
softball players (Dover, Kaminski et al. 2003; Werner, Guido et al. 2005). Ousresult
indicated much less pronounced variation between softball players’ dominant and non-
dominant limbs for internal rotation, external rotation, horizontal adduction, totil, RO
GIRD and ERG. These results are consistent with our hypotheses, thdl glaffleas will
exhibit significantly less adaptation to shoulder range of motion charéicteirstheir
dominant limbs, as compared to baseball players.

Humeral torsion has recently been assessed as a chief contributor tmatiéna
range of motion characteristics in the shoulder of overhead athletek@r@ross et al.
2002; Osbahr, Cannon et al. 2002; Reagan, Meister et al. 2002; Whiteley, Ginn et al. 2006;
Schwab and Blanch 2009; Myers and Oyama, In Press). Alterations in humeoal &oesi
created through opposing torques acting upon the proximal humerus during the late cocking
phase into the acceleration phase of throwing. These opposing torques credieg twis
effect upon the long axis of the humerus to increase the amount of humeral torsion @ver tim

as this motion is excessively repeated. In our experiment, humeral torsiagauasound
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to be on average 14 degrees greater in the dominant limb of the baseball player, asdcompa
to their non-dominant limb, which is consistent with the literature. The softballeatié®
displayed an average increase of 7 degrees in humeral torsion of their dominantieab. T
findings support out hypothesis, that bilateral difference in humeral torsion woulskbe le
profound in the softball players’ dominant limb as compared to the baseball groypteDes
the greater amount of humeral torsion found in baseball players’ over softgalispla

dominant limbs, this is the first body of work to document significant humerabmorsi
adaptations in a population of softball players.

Within our study, we have four variables that are adjusted for humeral torsion. This
adjustment has recently been suggested to isolate the total range of ntetaiioak in the
shoulder that are attributed to soft tissue contracture or lengthening, ascojaptbse
traditional thought that all variations in range of motion were caused by soé tiss
differences. (Schwab and Blanch 2009; Myers and Oyama, In Press). Theedjudst
humeral torsion redefines the point of neutral for measuring internal andaxtgation to
the position where the proximal humerus is placed at a standard position. Once thid standa
position is established, each subject can have his or her internal and extetioal ratges
of motion adjusted for humeral torsion. As mentioned, baseball players have been found to
exhibit decreased internal rotation and horizontal adduction, and increased ewtatrai.

While these values have traditionally been attributed to soft tissue variatidefirey

humeral torsion neutral truly isolates the amount and direction of soft tissugdisctye If

the values of adjusted internal and external rotation between dominant and non-dominant
limbs are assessed, a true soft tissue deficit can be found regardlesslefititatdirection.

Whether a deficit in soft tissue internal or external rotation is found aftestend) for
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torsion, without the application of torsion it cannot be attributed to only soft tissue
contracture. Therefore, it is possible to segregate the direction and amsafittissue
manipulation necessary to return a dominant limb towards equilibrium.

We found that once torsion was applied to the humeral rotation range of motion, the
between limb differences were much smaller in total degrees, which is eahgigh the
small amount of research that already exists surrounding humeral torsiomadadijiss
(Schwab and Blanch 2009; Myers and Oyama Unpublished). The development of torsion in
the proximal humerus is considered to occur through repeated overhead high velocity
movements, such as throwing a baseball or softball, during physical maturhtieths
highly ineffectual proximal humeral physis is open. Humeral torsion adjustedahte
rotation had a smaller mean difference, 4 degrees difference betweentharbslinical
internal rotation. Humeral torsion adjusted external rotation’s mean diffenerscound to
be less between limb and sport. Although the interaction of adjusted external rotetion w
not significant (p =.07), it could be said that there was a trend towards an ovecall ef
between the sports and limbs. Conceptually, if both the adjusted internal rotation and
external rotation are equal between dominant and non-dominant limbs, the bilateral
difference in internal rotation and external rotation is due to torsion effettsoft tissue
transformations. In our experiment, while the adjusted internal rotation wég near
equivalent, the adjusted external rotation was greater in the non-dominant limbjngdicat
soft tissue structures were causing a decrease in the available amextetmdl rotation in
the dominant limb. This is contrary to the traditional belief that overheadestinéetge of
motion adaptation are purely caused by stresses and adaptation of the posteder shoul

musculature and stretching of the anterior joint capsule, directly degaatamal rotation
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and increasing external rotation. Therefore, significant decreases iteddternal
rotation between baseball players’ dominant and non-dominant limbs is a notexgsttly
and warrants further investigation in the future to ensure the traditionabtlpproach of
attacking purely internal rotation deficits in baseball players may nessddc

The adjusted measurement for GIRD indicates an average of only 3.8 degrees greate
internal rotation in the dominant limb caused by soft tissue adaptations. Adjusted ERG
accounted for 11.4 degrees less ERG in the non-dominant limb of baseball players. These
results were not found to be significantly greater than the softball playetasma was
accounted, as they displayed 4.3 degrees greater GIRD in their non-domiiaaudiré.6
degrees less ERG. Both groups displayed less ERG once adjusted for humeral torsion,
indicating a deficit in the external rotation direction that is attributed telyaoft tissue
adaptive changes.

A further analysis of the data within our experiment shows total range of motion
difference of 7.6 degrees less in the dominant limb for baseball players, andr2&sde
greater in softball players. Theoretically, total range of motion should ndfieloted by the
amount of torsion present, as it is merely a shift in the location of the motion and should be
equal between limbs. The significant decrease in total range of motion in thellbaseba
players could be attributed to purely soft tissue adaptations, and addressed tinedctyhg
programs. Whether or not this decrease in total ROM in baseball playerdiseaditto IR
or ER deficits is still up for debate, and warrants further investigation.

The presence of humeral torsion, and its assessment using the ultrasonography
method have been firmly established as valid (Whiteley, Ginn et al. 2006; Yamawictb, |

al. 2006; Schwab and Blanch 2009; Myers and Oyama Unpublished). Using the quick
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assessment of torsion can lead to more precise individualized assessment of shoulde
characteristics on a clinical exam. This allows the clinician to tregsasthe influences of

bony versus soft tissue effects on dominant shoulder changes in both the athletic ald gener
population; thereafter allowing more accurately implemented rehabititaxiercises,

specifically the stretching program.

Although the softball players did not exhibit as great an adaptation to their sport in
the dominant shoulder, the use of humeral torsion to accurately assess shoulder
characteristics should be considered for the softball population. As softbatisptaydinue
to sustain similar injuries to their baseball counterparts, their treatesdmiques must be
consistent with evidence-based practice utilized in the rehabilitation of dgdalyals.

While the overall population of softball shoulders has smaller variations in ranggiohm
differences, there still exists the need to implement a throwing artohstige and

strengthening program. The stretching program should be tailored to eaatiualdi

shoulder. The presence of humeral torsion should be taken into account when prescribing the
amount and direction of stretching for the athlete’s shoulder. While the curreartates

indicates that torsion must be assessed to have a complete understanding ofdhgdrat r
motion characteristics, not everyone has access to torsion assessmentietord, a full
assessment of both dominant and non-dominant limb range of motion, in a scapular stabilized
position should be completed to fully compare total range of motion differences,

subsequently inferring the amount of decreased motion, whether that be internafmalex
rotation. It is not possible for the clinician to determine the direction of motiowithout

the use of a humeral torsion assessment. However, a baseline assessmeiohafaioget of

motion can provide a foundation for the clinician to refer to at a later date given shoulder
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pathology. At that time, if the overhead athlete displays deficits in internakserda
rotation compared to their baseline measurements, the direction of deficit cdarbard,
and the appropriate direction for a stretching protocol can be implemented.

Whether male or female, the amount of humeral torsion present is considered stati
once the athlete has matured. Measuring humeral torsion can be accomplished imoca, dur
preseason evaluation for example, in combination with measurements of the ishoulde
rotation range of motion and horizontal adduction. Thereafter, humeral torsion can be
applied to range of motion measurements, and any variation from these adjstadesen
the future would be purely soft tissue in nature, indicating to the clinician ibmcihanges
are part of the foundation in upper extremity pathology. If an injury is present, and the
athlete’s range of motion measurements are greatly skewed from thalinbanarks, it
would indicate which structures may be short and tight, or loose and weak; deadilyg to
a clinician implementing a specified rehabilitation protocol.

The greatest limitation of our research was the total number of softbaliplaye
enrolled in the study, and lack of control group. While several more softbaltplages
evaluated, their data were not included in the analysis due to their primaryagllteker in
their sport. An evaluation of their playing history revealed they participatpdchers only
in high school during their physical maturation, as well as in college. Whiledkasa
exists to suggest similar forces are experienced at the shoulder basttzall and softball
pitch (Barrentine, Fleisig et al. 1998; Werner, Guido et al. 2005), their kinemat®s are
highly variable the data from pitchers in softball was not included in the an&tyagdition,

a control group was not used for either the male or female population. While the subjects’

non-dominant limb is used as the reference point, a matched control group would give more
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concrete conclusion stemming from the results. It has been found that control groups in
studies of male baseball players’ humeral torsion can exhibit up to 6 degrees adlhume
torsion bilateral difference on average (Crockett, Gross et al. 2002; EhygQyama
Unpublished), therefore making the mean difference of 7 degrees of humeral torsion in our
softball study group less distinct. In addition, the population studied in this expérvas
completely healthy. Therefore, it is not possible to determine at this time mieasurements

of ROM and humeral torsion are affected within a group with shoulder or elbow injury.

The research subjects in our study average age 19.4 years. fé/hdles have
reached physical maturity by the age of 19, several of thesnrathis study may not have
reached physical maturity. This indicates that these baselagkrs may experience a
further alteration in humeral torsion. If these players’ epipalyplates have not closed, they
could experience increased torsion effects during the next fess. yda addition, the time
frame during which physical maturation is experienced is ireg¢rnonger for the male
population (Riegger-Krugh and LeVeau 2002). This longer period of timeath@ay for a
greater overall effect on humeral torsion.

Softball shoulder range of motion and torsion variables were found to be overall
much less pronounced than their baseball counterparts. While this study is toe first
address softball players range of motion between dominant and non-dominant limbs, we only
compared the variables within limb and to baseball players. Further inviestigad the
presence of shoulder range of motion and torsion adaptations between a softball and control
population of females would give a larger insight into the amount of variabilitytre af
softball actually imparts on the female overhead athlete shoulder. In additiemgkearch

exists that compares the kinematics and kinetics of the overhead softbaltalrmv
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baseball throw (Chu, Fleisig et al. 2009). An overall biomechanical analykis ovérhead
baseball and softball throw including field players may reveal speatfiortathat

differentiate the two groups of shoulders.

Conclusion

The results of this study demonstrate less pronounced adaptation in rang®if mot
characteristics and humeral torsion in the dominant softball shoulder, as comphged to t
baseball players in this study and previous literature. Still, humeral torampresent in the
dominant limbs for both baseball and softball players, and was highly influential on the
shoulder rotation range of motion variables. From these results, we concludetbiadk sof
players do develop variations in range of motion characteristics including huarsi@aht
but these variations are much less pronounced than their baseball counterparts bafithi
populations, these adaptations are greatly influenced by the amount of torsion. prese
Regardless of the sport played, clinicians with access to humeral torsissnasseshould
implement the measurement into their baseline evaluation, allowing the fdjuséngents in
shoulder range of motion to be pinpointed to a specific source or direction. In a population
of physically mature athletes, the value or humeral torsion will give thetatthd clinician

a better understanding of how to treat and prevent subsequent pathology.
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Figures

Figure 1: (A) Clinical Internal Rotation. (B) Clinical External Ratati



Figure 2: Horizontal Adduction Assessment
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Figure 3: (A) Ultrasonographic assessment of humeral torsion. (B) aiibgsaphic image

of the upper humerus where the humeral tubercles are pointing superiorly.
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Figure 4: Humeral internal rotation and humeral torsion variables assessed.

A: Clinical Internal Rotation

B: Clinical External Rotation

C: Total Range of Motion

D: Humeral Torsion

E: Internal Rotation Corrected for Humeral Torsion
F: External Rotation Corrected for Humeral Torsion
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Figure 5: Internal rotation for baseball and softball players’ dominant andarmoimant

limbs.
* Significant difference (bonferroni corrected p<.0125) between baseball and
softball players’ dominant limbs.
T Significant difference (bonferroni corrected p<.0125) between dominant and non-
dominant limbs.
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Figure 6: Humeral torsion for baseball and softball players’ dominant and non-@gdmina
limbs.
* Significant difference (bonferroni corrected p<.0125) between baseball and
softball players’ dominant limbs.
T Significant difference (bonferroni corrected p<.0125) between dominant and non-
dominant limbs.
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Figure 7: Total range of motion for baseball and softball players’ dominant and non-
dominant limbs.
* Significant difference (bonferroni corrected p<.0125) between baseball and
softball players’ dominant limbs.
T Significant difference (bonferroni corrected p<.0125) between dominant and non-
dominant limbs.
¥ Significant difference (bonferroni corrected p<.0125) between baseball aballsoft
players’ non-dominant limbs.
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Figure 8: GIRD for baseball and softball players.
* Significant difference (p<.05) between baseball and softball players.
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Figure 9: Total range of motion difference for baseball and softball players
* Significant difference (p<.05) between baseball and softball players.
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TABLE 1: Subject demographics

Tables

. Mass Dominant Throwing Arm
Age Height (m) (kg) Right Left

Baseball Players | 55 | 19.5+1.1 | 1.82-.07 | 87.3:11.0 41 14

Softball Players | 27 | 19.3+1.2 | 1.66+.06 | 70.9t9.7 24 3
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TABLE 2: Descriptive Statistics

Baseball Players

Softball Players

Dominant | Non-dominant Dominant Non-dominant
Mean| +SD | Mean | +SD | Mean | £SD | Mean | +SD

Internal Rotation9) 38.2| 10.3 49.6| 11.7 52.4| 8.6 52.4| 8.6
External Rotation?) 130.0| 11.4| 126.1| 12.1| 132.1} 10.7| 131.7| 111
Humeral Torsion9) 80.8| 10.2 65.6| 11.2 73.1| 8.4 66.1 7.4
Horizontal Adduction ) 98.0/ 7.0| 102.1| 6.2 97.1| 8.6 99.3| 7.0
Total ROM () 168.2| 12.2| 175.8| 13.2| 184.5| 12.2| 186.8| 14.1
Adjusted IR ¢) 29.0/ 11.0 25.2| 11.2 35.5| 12.0 31.2| 134
Adjusted ER ) 139.2| 11.5| 150.6| 13.1| 149.0f 11.2| 155.6| 11.0
GIRD (°) -11.4| 9.4 27| 8.9
ERG () 39| 98 04| 7.1
Adjusted GIRD f) 3.8 9.2 43| 9.9
Adjusted ERGY) -11.4| 11.7 -6.6| 10.3
Total ROM Diff (°) -7.6| 9.6 -2.6| 10.0
Humeral Torsion Diff {) 15.3| 9.6 70| 7.2

GIRD = Glenohumeral Internal Rotation Deficit; ERG = External Rotafain;
ROM = Range Of Motion; IR = Internal Rotation; ER = External Rotation;

Diff = Difference
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