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Decreases in glenohumeral (GH) rotation motion and rotator cuff strength have 

been linked to multiple pathologies in the throwing arms of baseball pitchers, but a full 

understanding of the shoulder mechanisms affected by a total arc of motion deficit 

(TAMD) has not yet been achieved. This study was designed to quantify the effects that 

this loss in range of motion has on GH joint laxity and eccentric external and internal 

rotation strength measures. We recruited 47 intercollegiate baseball pitchers with no 

history of shoulder or elbow surgery, and assigned them to either a TAMD group or a 

Non-TAMD group based on the extent of their loss of rotational motion at the shoulder. 

Eccentric internal and external rotation peak force values were evaluated in the middle 

70% of the pitchers’ available rotational range of motion with an isokinetic 

dynamometer, while anterior and posterior GH joint laxity and stiffness were assessed 



with a multijoint arthrometer under a 150N load applied at a rate of 15-19 N/s, with 

stiffness calculated as the slope of the force displacement curve following the inflection 

point representing the point of soft tissue compression. We found significant differences 

in the stiffness measures when comparing the anterior to the posterior directions in both 

the dominant (22.64 ± 5.02 N/mm and 28.72 ± 7.18 N/mm, p < 0.001) and non-dominant 

arms (23.01 ± 5.66 N/mm and 29.31 ± 8.07 N/mm, p < 0.001). There was also a 

significant Group x Direction interaction for GH laxity and this finding was attributed to 

the fact that that TAMD group had significantly less posterior translation than did the 

Non-TAMD group (p <0.05). Significant differences were also found for IR, ER and 

strength ratio measures (p < 0.001). The ER/IR strength ratio (86.2 ± 23.3% vs. 47.0 ± 

7.8%) and ER eccentric peak torque (0.410 ± 0.088 Nm/kg BW vs. 0.295 ± 0.049 Nm/kg 

BW) were significantly greater in the dominant arm, while IR eccentric peak torque 

(0.488 ± 0.088 Nm/kg BW vs 0.636 ± 0.101 Nm/kg BW) was significantly higher in the 

non-dominant arm. Internal rotation eccentric peak torque measures (0.488 ± 0.088 

Nm/kg BW) were significantly higher than any of the isometric measures (p < 0.001). 

Testing of the ER torques showed that eccentric measures (0.410 ± 0.088 Nm/kg BW), 

and isometric measures at 0°(0.386 ± 0.132 Nm/kg BW) and 30° (0.366 ± 0.122 Nm/kg 

BW) were significantly higher than the 60°(0.247 ± 0.087 Nm/kg BW) and 90° (0.188 ± 

0.073 Nm/kg BW) measures (p < 0.001). Isometric ER/IR strength ratios at 0° and 30° 

were significantly lower than at the 0° and 30° testing positions (p < 0.01). These 

findings suggest that the type of muscle action and GH joint angle were responsible for 

differences observed in internal and external rotation peak torques. The loss of shoulder 



rotational range of motion in collegiate pitchers did not affect their eccentric peak torque 

production, but was related to increased posterior GH capsuloligamentous laxity, 

although the clinical significance of this difference is presently unknown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©Copyright by Charles E. Leddon 

March 4, 2015 

All Rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The Effect of Rotational Range of Motion Deficits on Glenohumeral Joint Force 

Production and Capsuloligamentous Laxity in Collegiate Baseball Pitchers 

 

 

by  

Charles E. Leddon  

 

 

 

A DISSERTATION 

  

submitted to  

 

Oregon State University  

 

 

 

in partial fulfillment of  

the requirements for the  

degree of  

 

Doctor of Philosophy 

 

 

 

Presented March 4, 2015  

Commencement June 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Doctor of Philosophy dissertation of Charles E. Leddon presented on March 4, 2015  

 

 

 

APPROVED:  

 

 

____________________________________________________________  

Major Professor, representing Exercise and Sport Science 

 

 

____________________________________________________________  
Co-Director of the School of Biological and Population Health Sciences 

 

 

____________________________________________________________  

Dean of the Graduate School   

 

 

 

I understand that my dissertation will become part of the permanent collection of 

Oregon State University libraries. My signature below authorizes release of my 

dissertation to any reader upon request.  

 

 

 

 

____________________________________ ________________________ 

Charles E. Leddon, Author 

 

 

 

 

 

 

 

 

 

 

 



ACKNOWLEDGEMENTS 

 

 

The author expresses sincere appreciation to the National Strength and Conditioning 

Association for their generous grant that allowed the completion of this research. 

Additionally the author would like to thank Dr. Junggi Hong and Dr. Peter Harmer 

for their assistance in providing additional research space in their labs for data 

collection on the project.  

 

Special thanks also goes out to my doctoral committee including: Dr. Kim Hannigan-

Downs, Dr. Mike Pavol, Dr. JoonKoo Yun, and Dr. Ilene Kleinsorge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    



TABLE OF CONTENTS 

 

                    Page  

INTRODUCTION………………………………………………………...   1 

MANUSCRIPT ONE:…………………………………………………… 12 

“Glenohumeral joint laxity and stiffness in collegiate pitchers  

with and without total arc of motion deficit.”   

 Abstract………………………………………………………….. 12 

Introduction……………………………………………………… 14 

 Methods………………………………………………………….. 16 

 Results …………………………………………………………… 20 

 Discussion……………………………………………………….. 23 

 Conclusions……………………………………………………… 27 

 References……………………………………………………….. 29 

MANUSCRIPT TWO : ………………………………………………….. 34 

“Loss of glenohumeral range of motion and its effect on  

eccentric strength in collegiate pitchers.”  

 Abstract………………………………………………………….. 34

 Introduction……………………………………………………… 36 

 Experimental Approach to the Problem…………………………. 38 

 Subjects………………………………………………………….. 39 

 Procedures……………………………………………………….. 40 

 Results …………………………………………………………… 43 

 Discussion……………………………………………………….. 46 

 Practical Applications …………………………………………… 50 

 References……………………………………………………….. 51 

CONCLUSIONS…………………………………………………………. 55 

References………………………………………………………… 57 



TABLE OF CONTENTS (CONTINUED) 

 

          Page  

BIBLIOGRAPHY………………………………………………………… 58 

APPENDICES……………………………………………………………. 68 

IRB Approval…………………………………………………….. 69 

IRB Document…………………………………………………… 71  

Informed Consent Form…………………………………………. 84 

 Data Collection Procedures……………………………………… 89 

Data Collection Form……………………………………………. 93 

 Review of Literature…………………………………………….. 95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LIST OF FIGURES 

 

Figure       Page 

 

1.1 The total arc of motion concept, where: external  

rotation (ER) range of motion + internal rotation  

(IR) range of motion = total motion………………………………   3 

 

2.1 Glenohumeral joint range of motion testing position……………. 18 

 

2.2 Arm positioning during laxity testing……………………………. 19 

 

2.3 Average glenohumeral joint laxity measures in TAMD 

 and non-TAMD groups…………………………………………… 23 

 

3.1 Glenohumeral joint range of motion testing position.……………. 41 

 

3.2 Eccentric strength testing position………………………………... 42 

 

3.3 Isokinetic eccentric torque at 300
o
/sec in rotational movements…. 44  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

LIST OF TABLES 

 

Table       Page 

 

2.1 Demographic information and group comparisons (TAMD = 

  total arc of motion deficit; TAM = total arc of motion)…………. 21 

 

2.2 Comparison of anterior/posterior glenohumeral joint laxity  

 and stiffness measures……………………………………………. 22 

 

2.3 Glenohumeral joint laxity and stiffness side to side difference 

  measures between TAMD and Non-TAMD groups…………….. 22 

 

3.1 Participant demographic information……………………………. 40 

 

3.2 Normalized eccentric torque values between arms………………… 44 

 

3.3 Normalized peak torque and ER/IR ratios across conditions ……. 45 

 

3.4 Scheffe post-hoc analyses………………………………………….. 45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

LIST OF APPENDIX FIGURES 

 

Figure       Page 

 

A.1 The total glenohumeral motion concept, where: external 

 rotation (ER) range of motion + internal rotation (IR)  

 range of motion = total motion………………………………….. 73 

 

A.2 Range of motion testing position……………………………….. 76 

 

A.3 Joint position sense testing position…………………………….. 77 

 

A.4 Arm positioning during laxity testing…………………………… 78 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



1 

 

INTRODUCTION 

Upper extremity strength training and sport-specific conditioning for elite 

baseball pitchers is quite challenging due to the delicate balance that exists between the 

static and dynamic stability required to protect the shoulder while enabling the joint 

mobility necessary for overhead throwing.
1, 133

 The shoulders of professional and 

intercollegiate baseball pitchers commonly experience instantaneous rotational velocities 

between 6000
o
/sec and 7500

o
/sec during pitching, and the forces that accompany this 

skilled sports activity are known to alter the movement patterns of the throwers’ 

glenohumeral (GH) joints. 
32, 40, 43, 54, 74, 89, 107, 133

 

Throwing activities have long been linked to an increased risk for injury, but more 

specifically within this population, injuries have been associated with decreases or 

imbalances in rotator cuff strength.
23, 25, 53, 60, 68, 131

  Additionally a loss in rotational 

motion has been linked to multiple pathologies in the thrower’s shoulder and elbow, most 

notably Type II superior labrum anterior-posterior (SLAP) tears and the pinching of the 

inferior cuff between the humeral head and the glenoid fossa, known clinically as internal 

impingement.  
16, 20, 21, 44, 74, 85, 98, 115, 124, 128, 132

  

Shoulder injuries are debilitating and are frequently career threatening for the 

overhead throwing athlete. Understanding the biomechanical and physiological effects 

that a loss of rotation has on the motion of the shoulder is critical for reducing injuries 

among pitchers. The term glenohumeral internal rotation deficit (GIRD) typically applies 

to a subset of overhead sport athletes who present with clinically significant decreases in 
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internal rotation (IR). The definition of just how much is a significant loss has changed 

over the last 20 years, but currently most would accept that a loss of IR greater than 20
o
 

to 25
o
 when compared to the non-dominant arm is physiologically significant and linked 

to increased risk of injury.
44, 50, 58, 59, 104, 123, 133

 However, multiple studies have reported 

that the overhead athlete develops an adaptation in his/her normal rotational range of 

motion in the throwing shoulder that is biased toward increased external rotation (ER). 

This shift in the rotational arc of motion has been attributed to a humeral head 

retroversion adaptation.
8, 30, 50, 95, 131, 139

 With this posterior shift in the normal GH 

rotational range of motion, most throwers’ shoulders could be defined as having GIRD, 

because when GH ER range of motion is increased (“external rotation gain”), a 

concomitant loss of IR is frequently observed (“GIRD”).
6, 8, 30, 35, 38, 49, 95, 105, 131, 135, 139

  

 This combination has led some authors to describe this increased risk of upper 

extremity injuries as being not solely associated with a loss of IR, but also with a total arc 

of motion deficit (TAMD) when compared to the contralateral shoulder. 
35, 44, 50, 95, 100, 104, 

109, 113, 132, 135
 This measure includes the combination of IR and ER in both shoulders for 

comparison (Figure 1.1). Once again, the question of how much motion loss is significant 

has changed over the years, but the most recent reports contend that a 5
o 
or greater loss in 

total arc of motion increases injury risk. 
44, 49, 50, 104, 132

 Unfortunately, many of the 

existing studies that have examined the effects of GIRD have considered only the IR 

deficit, thereby ignoring other adaptations potentially present in the thrower’s shoulder.
7, 

8, 28, 71
  If we accept that a normal adaptation to the overhead throwing shoulder involves 

an increase in the ER component of the total arc of glenohumeral motion, then we need to 
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incorporate that into our model of GIRD.  In this scenario we must then accept that to 

categorize a thrower in the population that is at risk, we must observe a loss not only in 

IR, but also a loss in the total arc of rotational motion.
94, 113, 132, 133

  This more recent, 

alternate definition of GIRD in terms of TAMD is one that is more clinically accurate, as 

research has shown it is those with a loss in the total arc of GH motion who are at 

increased risk of injury. 
113, 132, 133

 

  

Figure 1.1a/b.  The total arc of motion concept, where: external rotation (ER) 

range of motion + internal rotation (IR) range of motion = total motion. 

 

 The high incidence of injury, and changes in the kinematics of pitching that are 

created as a result of this loss of rotational motion, has led to two main theories as to the 

cause of the restriction. On one side, there are those who believe that the lack of IR of the 

throwing shoulder is due to a tightening of the posterior rotator cuff musculature,
8, 60, 135

 

while others contend that GIRD is caused by adaptive thickening of the posterior GH 

capsule. 
2, 16, 20, 21, 24, 80, 113, 121, 138

  Those who have advanced the premise that 

glenohumeral capsule tightening is the cause of GIRD cite a thickening of the posterior 

capsule on observation during surgical procedures, or on diagnostic imaging studies.
16, 20, 

1a - Normal 1b - Restricted 
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21, 24, 80, 82, 113, 121, 127, 138
 Many of these same authors consider the ability to restore IR with 

the transection of the posterior GH joint capsule as sufficient evidence that the posterior 

capsule is the primary cause of the restriction. 
16, 20, 21, 80, 82, 138

   

 In contrast, others contend that the etiology of GIRD is based on a maladaptation 

of the posterior rotator cuff musculature in response to chronic eccentric overloading.
8, 60, 

135
 Proponents of this theory cite studies that have used shoulder arthrometry to measure 

and compare the anterior-posterior translation of the humeral head in throwers, as a 

representative sample of those with decreased IR, against non-throwers and found no 

significant differences in laxity between these two groups.
8, 28, 135

  These findings imply 

that noncontractile structures, specifically, the posterior GH joint capsule, is unchanged 

in the throwing population. Both causal theories of GIRD currently lack sufficient 

evidence to fully explain or identify the mechanism(s) responsible for the observed IR 

deficits.   

 Two key contributors to the function and stability of the GH joint are the: (a) 

static stability provided by the bony configuration and capsuloligamentous restraints, and 

(b) dynamic stability provided by the rotator cuff musculature. By examining the effects 

seen in these characteristics of athletes with a decreased rotational range of motion, we 

hope to isolate the pathological processes involved with GIRD.  Strength of the rotator 

cuff musculature can be measured in many ways; however, due to the predominantly 

eccentric nature of muscle activity during the follow-through phase of pitching, eccentric 

peak force testing should provide the most accurate, functional values for this population. 
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Quantifying the magnitude of passive translation of the humeral head on the glenoid 

fossa in the sagittal plane will define the characteristics of laxity seen in throwers’ 

shoulders. Obtaining measures of these components across varying levels of rotational 

motion restriction should help clarify how these limitations change the control and 

motion of the shoulder during throwing.  

 In quest of answers to the GIRD etiological dilemma, we examined the 

neuromuscular and biomechanical characteristics of the glenohumeral joint in a group of 

intercollegiate throwers who exhibited a profound loss of rotational motion (> 10
o
) and 

thus are at increased risk of injury. The purpose of this study was to determine if the loss 

of rotational glenohumeral motion in baseball players’ shoulders is associated with 

changes in their capacity to develop internal and external rotational torque at the 

shoulder, and changes in the capsuloligamentous laxity of their GH joint.  

SPECIFIC AIM #1: 

 To determine the extent to which decreases in glenohumeral rotation range of 

motion affect IR and ER force production in baseball players. We hypothesized that 

pitchers in the Non-TAMD group would have significantly greater eccentric IR peak 

torque values than participants in the TAMD group (p < 0.05).   No significant 

differences in ER peak torque measures are expected between the two groups (p > 0.05).  
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SPECIFIC AIM #2:   

 To determine the extent to which decreases in glenohumeral rotation range of 

motion affect anterior-posterior glenohumeral laxity in baseball pitchers. We 

hypothesized that participants in the TAMD group would exhibit significantly less 

posterior translation of the humerus compared to those pitchers in the Non-TAMD group 

(p < 0.05). 

SPECIFIC AIM #3:  

Within the context of this study, a secondary purpose was to determine the 

differences between manual muscle testing protocols for measuring peak isometric torque 

in internal and external rotation and the “gold standard” laboratory-based IR and ER 

torque values obtained with an isokinetic dynamometer (p < 0.05).  

Primary outcome measures included eccentric and isometric IR and ER peak 

torque values, and anterior and posterior glenohumeral joint laxity.  A total of 11 

outcome measures were obtained from each participant, with difference scores calculated 

between the values acquired from the pitcher’s throwing and non-throwing shoulders. A 

series of ANOVAs were performed to compare difference scores between the TAMD and 

Non-TAMD groups, with statistical significance decisions based on an a priori weighted 

Bonferroni technique that maintained an experimentwise alpha level of 0.05.  

 By using a more comprehensive experimental approach described within this 

study, we hoped to overcome some of the current limitations of the evidence found in the 



7 

 

orthopedic literature, and examine the functional characteristics associated with those 

throwing athletes who have a decreased GH rotational arc of motion. Through the use of 

eccentric strength testing, we attempted to examine the capabilities of the deceleration 

musculature to slow the arm within the shortened allowable range created by the loss of 

internal rotation. Additionally, by quantifying the changes in GH translation of the 

shoulders with a restriction, we were able to examine the role of the posterior GH capsule 

and the rotator cuff on the restriction of rotational motion at the shoulder. The results of 

this study have the potential to identify the effects of the loss in GH rotational movement 

seen in baseball players, thereby assisting in the refinement of upper body strengthening 

and conditioning programs and the development of a more specific approach to the 

prevention and treatment of GIRD. 

The first manuscript from this dissertation, entitled “Glenohumeral joint laxity 

and stiffness in collegiate pitchers with and without total arc of motion deficit.” will be 

submitted for publication in the American Journal of Sports Medicine. The second 

manuscript from this research study, entitled “Loss of glenohumeral range of motion and 

its effect on eccentric strength in collegiate pitchers.” will be submitted to the Journal of 

Strength and Conditioning Research for publication. 
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MANUSCRIPT ONE:  GLENOHUMERAL JOINT LAXITY AND  

STIFFNESS IN COLLEGIATE PITCHERS WITH AND  

WITHOUT TOTAL ARC OF MOTION DEFICIT 

  

ABSTRACT 

Background: Rotational range of motion deficit in the thrower’s shoulder has been 

theorized to be caused by a restriction in the posterior glenohumeral joint capsule or a 

tightening of the posterior rotator cuff musculature. 

Purpose: To determine whether a total arc of motion deficit (TAMD) in the throwing 

shoulder, when compared to the non-throwing shoulder, has an effect on joint laxity 

and/or stiffness. 

Study design: Cross Sectional Study: Level of evidence, 3.  

Methods: Glenohumeral internal and external rotation range of motion was measured 

bilaterally with a digital inclinometer in 47 intercollegiate pitchers .Those participants 

having greater than a 10
0
 reduction in total rotational motion of their dominant shoulder 

were classified in the TAMD group, while those with less than a 10
0
 deficit were placed 

in the Non-TAMD group. Participants then had their anterior and posterior glenohumeral 

joint laxity and mechanical stiffness measured with a multi-joint arthrometer with a 

maximum load of 150 N applied at a rate of 15 N/s. 

Results: An interaction effect for Group X Direction was seen when comparing the laxity 

side to side difference measures. This finding was attributed to the posterior laxity 

difference measure, with the TAMD group showing less translation than the Non-TAMD 
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groups (1.79 ± 2.77 mm). No main or interaction effects were seen in difference 

measures of stiffness. In the non-normalized data a main effect significant difference was 

present in the stiffness measures when comparing the anterior to the posterior direction in 

both the dominant (22.64 ± 5.02 N/mm and 28.72 ± 7.18 N/mm, p < 0.001) and non-

dominant arms (23.01 ± 5.66 N/mm and 29.31 ± 8.07 N/mm, p < 0.001). There was no 

difference seen in main effect for group, nor in either main effect for the laxity measures 

(p>0.05). 

Conclusion: Decreased posterior translation of the glenohumeral joint was present in 

those pitchers with a total arc of motion deficit; however, the clinical significance of this 

difference is unknown at this time.  

Keywords: shoulder; range of motion; baseball; internal rotation deficit 
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INTRODUCTION  

 The throwing shoulder of a baseball pitcher has unique demands placed on it 

during the throwing motion. The glenohumeral joint must be stable enough to control the 

motion of the humeral head while it is rotating at velocities between 6000
0
/sec

 
and 

7500
0
/sec,

32, 40, 43, 54, 60, 74, 89, 107, 133
 and still allow for the excessive external rotation 

needed to accommodate the pitching motion. This dichotomy has been described by Wilk 

as requiring "a delicate balancing act between mobility and functional stability."
136

 

Several authors have shown that pitchers do have increased glenohumeral joint laxity 

both inferiorly and in external rotation.
6, 30

 Along with this adaptation of increased 

external rotation, there is also a loss of internal rotation present in these throwing 

athletes.
13, 38, 54, 88, 89, 131, 135

 This loss of internal rotation has been linked to shoulder and 

elbow injuries, including labral tears, impingement syndrome, and rotator cuff 

pathology.
1, 20, 44, 57, 59, 74, 98, 104, 132, 136

 

 The loss of internal rotation in throwers has been reviewed extensively in the 

sports medicine literature and two different approaches for reporting this loss have 

emerged.
133

 The first etiology, glenohumeral internal rotation deficit (GIRD), is a 

measure of the side-to-side loss in maximum internal rotation without regard to the 

external rotation measurements.
20, 50, 59, 104, 123

 Multiple authors have reported that a loss 

of more than 20
0
 of glenohumeral joint internal rotation increases injury risk.

44, 50, 104, 131, 

132
  The second approach attributes increased injury risk to total arc of motion deficit 

(TAMD), a combination of external and internal ROM measures, that was first reported 
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by Wilk et al.
135

 Losses in the total arc of motion are reported to increase injury risk when 

side-to-side ROM differences exceed 5
0
. 

44, 49, 50, 104, 131-133
  This concept was developed to 

account for the osseous humeral retroversion adaptations that have been shown to occur 

in throwers during adolescence. This adaptation shifts the arc of motion into more 

external rotation.
30, 35, 49, 50, 60, 86, 88, 139

 The loss of glenohumeral joint rotational motion is 

thought to be due to a restriction in the posterior capsule.
20, 24, 113, 117, 138

 Multiple authors 

have reported that posterior capsular tightening results in a posterosuperior translation of 

the humeral head on the glenoid when the arm is brought up into the throwing position of 

abduction and external rotation. 
24, 41, 45, 46, 51, 106

 This migration would put the humeral 

head in position to increase the risk for internal impingement and labral damage due to 

the “peel-back mechanism” described by Burkhart et al.
15, 20

  

The theory that posterior glenohumeral joint capsular tightening is the cause of 

internal rotation deficit has been supported by surgeons’ intra-operative reports of 

subacromial space reduction, and MRI findings of capsular thickening.
20, 72, 81, 121

 It would 

be expected that in shoulders with increased tightening of the posterior capsule, there 

would be a decrease in posterior joint laxity as well as an increase in posterior joint 

stiffness. Crawford et al. compared the throwing arms versus non-throwing arms of high 

school baseball pitchers and found no differences in anterior or posterior translation 

between their shoulder joints, but they did not measure range of motion, and therefore 

had no way to determine if loss of internal rotation played a role.
28
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Borsa et al. had similar findings in throwing shoulders and did attempt to correlate 

internal and external rotation to laxity measures with anterior and posterior translation but 

found no significant relationship.
8, 9

  Others have measured glenohumeral translation in 

shoulders looking for increased anterior laxity or some combination of both anterior and 

posterior laxity with varying results, but none have shown a change in the posterior laxity 

or stiffness in shoulders with a restriction in shoulder rotational motion.
3, 37, 77, 96

 

However, Sethi et al. did find that collegiate pitchers had a significant change in their 

total glenohumeral translation, while position players did not.
103

 This finding was similar 

to the results of Tibone et al., who reported that swimmers had significantly more 

glenohumeral translation than did a matched group of soccer players.
116

 

 Based on this history of examination into the loss of rotational motion and its 

relationship to glenohumeral translation, the purpose of this study was to evaluate the 

difference between pitchers who presented with TAMD compared to those who did not, 

using the difference between translation in their throwing and non-throwing shoulders in 

order to decrease the variability that is inherent across the population in laxity 

measurements.   

METHODS 

We recruited 47 intercollegiate pitchers through team meetings at several 

universities and colleges located in western Oregon to participate in this study. The 

participants were required to be between 18 and 23 years of age and have at least 3 years 

of competitive pitching experience. Exclusion criteria included a history of shoulder 
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surgery or dislocation on either shoulder, and a history of internal impingement or 

shoulder tendonitis within the last 12 months. When participants arrived for testing, they 

were given a brief introduction to the experimental protocol and the expectations for 

participation in the study. This project was reviewed and approved by our institution’s 

IRB and all participants provided written consent prior to any research activities.  

Data collection began with basic anthropometric measurements that included 

height, weight, age, and hand dominance. Participants then had their glenohumeral joint 

internal and external rotation ranges of motion measured and, based on these measures, 

were classified into either the deficit or non-deficit group. Those with 10
o 
or greater 

difference in the total arc of glenohumeral joint motion between their dominant arm and 

non-dominant arm were assigned to the TAMD group. Pitchers who had less than 10
o
 

difference in the total arc of motion was classified into the Non-TAMD group. Anterior 

and posterior glenohumeral joint laxity and mechanical stiffness were then measured with 

a multijoint arthrometer.  

Glenohumeral Joint Internal and External Range of Motion Testing:  Shoulder joint 

rotational range of motion was obtained through the use of a digital inclinometer 

(Chattanooga Baseline™ digital inclinometer 43062, Chattanooga, TN), that was 

attached to a standard neoprene wrist sliding brace (Pro Orthopedics model 776, Tucson, 

AZ), through a custom screw-mounting attachment. This apparatus was applied to the 

participant’s wrist and then the participant was asked to lie supine on a standard length 

treatment table with the shoulder in 90
0
 of abduction and the elbow at 90

0
 of flexion with 
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the humerus on top of a bolster (see Figure 2.1). The researcher then applied pressure 

over the participant’s coracoid process to stabilize the scapula, and slowly moved the arm 

to the external rotation end point where a measurement was taken. This was followed by 

moving the arm to the internal rotation endpoint for a second measurement. The total arc 

of motion was calculated as the arithmetic sum of these two shoulder measures. Prior to 

testing, ROM reliability calculations on these techniques were computed based on 4 

participants that were tested on consecutive days. Findings of this evaluation showed 

very high intra-rater ICC measures (ICC2,1, 0.96, SEM, 2.8 mm), that were comparable to 

prior reports.
55

 Measures were taken on both shoulders with the order of testing 

randomized between the dominant and non-dominant arms.  

.     

Glenohumeral Joint Capsuloligamentous Laxity Testing: Anterior and posterior 

glenohumeral joint capsuloligamentous laxity measures were obtained for each 

participant through the use of a computerized multi-joint arthrometer (LigMaster™, Sport 

Tech, Inc., Charlottesville, VA), that was positioned on top of a standard treatment table. 

The LigMaster™ is a modified Telos™ device that is used to apply loads to joint tissues 

Figure 2.1 – Glenohumeral joint 

range of motion testing position 
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through a manual screw mechanism with a force sensor located within the padded force 

actuator. Joint laxity and mechanical stiffness measures are calculated within the device’s 

collection software. stiffness measures were based the slope of the force/deformation 

curve beyond the inflection point to adjust for soft tissue compression as described 

previously by Crawford et al.
28

  Each participant was seated on an adjustable stool, at a 

height allowing for the shoulder to be placed in a position of 90
0
 of abduction and 90 

external rotation, with the elbow in 90
0
 of flexion (Figure 2.2).  

 

Once the participant was positioned correctly, a 150 N load was applied in either 

the anterior or posterior direction to the proximal humerus via the arthrometer. The order 

of testing was randomized to limit multiple testing effects. Following the manufacturer’s 

instructions, this force was applied over an 8 to 10 sec window of time, yielding a force 

application rate of 15 N/s to 19 N/s.  This procedure was then repeated with the force 

being applied in the opposite direction to the proximal humerus.  Four measurements 

were taken in each direction with the final three being used to obtain a 3-trial average for 

statistical comparison. The participant was given a one minute rest period between trials. 

Figure 2.2 – Arm positioning 

during laxity testing 
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The first trial was not analyzed and instead served as a preconditioning trial to familiarize 

the participant with the experimental procedure and promote muscular relaxation during 

the final 3 trials. All measurements were then performed on the opposite extremity, with 

the order of extremity testing randomized.  

Experimental Design and Statistical Analysis:   Statistical analyses were conducted 

with S-Plus® for Windows® statistical software (version 8.0, Insightful® Inc., Seattle, 

WA). Laxity and stiffness measures were normalized within participants by calculating 

difference measures of the dominant arm minus the non-dominant arm. The normalized 

laxity and stiffness values were then compared through the use of two factor ANOVAs 

with replication using a Group (2) x Direction (2) design. Significance levels for each 

outcome measure were set based on a weighted Hochberg-Bonferroni adjustment for 

multiple comparisons that established p-values of 0.05 for posterior laxity, 0.013 for 

anterior laxity, and 0.006 and 0.004 respectively for anterior and posterior stiffness, based 

on a priori rankings of the importance of these variables. Additional two factor ANOVAs 

were used to evaluate non-normalized data in order to compare our results with 

previously reported results. Cohen's d effect sizes were calculated for each of the 

comparisons, with d < 0.20 considered “small”, 0.50 as “medium”, and > 0.80 defined as 

“large” effect sizes. 

RESULTS 

 Based on their glenohumeral joint internal and external range of motion, 24 of the 

47 pitchers tested were assigned to the TAMD group, while 23 pitchers met the criterion 
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for inclusion in the Non-TAMD group. Due to either equipment malfunctions or data 

collection errors, the data of 5 participants were eliminated from the analysis of anterior 

glenohumeral joint laxity and stiffness. A summary of the demographic information for 

the participants in each group is presented in Table 2.1. No significant differences were 

present for any of the group demographics (p > 0.05) other than parameter used to 

determine experimental group membership, the loss in total arc of motion (TAM ↓) (p < 

0.05). 

Anterior Measures       Age (yrs) Height (cm) Mass (kg) Yrs Pitched TAM ↓(
0
) 

Non-TAMD (n=22) 19.5 ± 1.1 183.2 ± 5.6 84.1 ± 9.0 9.6 ± 2.3 1.5 ± 7.0 

TAMD       (n=20) 19.6 ± 1.1 183.8 ± 5.6 85.6 ± 10.8 10.0 ± 2.9 16.5 ± 3.5 

Posterior Measures      

Non-TAMD (n=23) 19.5 ± 1.1 183.4 ± 5.6 85.0 ± 9.8 9.6 ± 2.3 1.5 ± 6.8 

TAMD       (n=24) 19.9 ± 1.3 184.3 ± 5.4 86.8 ± 10.5 10.2 ± 3.3 17.2 ± 4.0 

Table 2.1 – Demographic information and group comparisons. (TAMD = total arc of 

motion deficit; TAM = total arc of motion) 

 

In the non-normalized data, laxity results showed no dominant arm (Group p-

value = 0.24, Direction p=0.07, interaction p=0.35), nor non-dominant arm (Group p-

value = 0.16, Direction p=0.09, interaction p=0.09) effects. Non-normalized mechanical 

stiffness findings did show a significant main effect for direction (Table 2.2), but no 

group differences (Dominant p=0.67, Non-Dominant p=0.84), and no interaction effects.   
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Laxity at 150N (mm) Anterior Posterior p-Value 

  Dominant Arm  8.63  ±  1.40   7.96  ±  2.10   0.07 

  Non-Dominant Arm  8.31  ±  1.67    7.66  ±  2.03   0.09 

Stiffness (N/mm)    

  Dominant Arm  22.64  ±  5.02  28.72  ±  7.18 <0.001 

  Non-Dominant Arm   23.01  ±  5.66  29.31  ±  8.07 <0.001 

Table 2.2 - Comparison of anterior/posterior glenohumeral joint laxity and stiffness 

measures. 

 

After normalization by calculating the difference between the dominant and non-

dominant arm, a significant interaction effect (p=0.023) was found in the laxity measures, 

and was determined to be a difference between the posterior laxity measures between the 

TAMD and Non-TAMD group (Cohen d = 0.65). No differences were seen in the 

stiffness measures. Summary data measures for glenohumeral joint stiffness and laxity in 

these normalized difference measurements are presented in Table 2.3.   

Laxity at 150N (mm) TAMD Group Non-TAMD Group p-Value 

          Anterior    0.43  ±  1.60   0.22  ±  1.64 0.716 

         Posterior  -0.58  ±  2.52    1.21  ±  2.96 0.034 

Stiffness (N/mm)    

          Anterior  -1.23  ±  5.76    0.28  ±  6.45 0.425 

          Posterior    0.57  ±  8.63  -1.31  ±  7.87 0.482 

Table 2.3 – Glenohumeral joint laxity and stiffness side-to-side difference measures 

between TAMD and Non-TAMD groups. 
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Figure 2.3 - Average glenohumeral joint laxity measures in the TAMD and Non-TAMD 

groups.  

 

DISCUSSION 

Our hypothesis was that we would find increased anterior glenohumeral joint 

translation with decreased mechanical stiffness, and conversely, decreased posterior 

glenohumeral joint translation with increased stiffness in the shoulders of pitchers in the 

TAMD group. We found no statistically significant differences in stiffness or laxity in the 

anterior direction between our two experimental groups, a finding that is supported by the 

earlier studies of Borsa et al 
8,9

, Crawford et al 
16

, and Ellenbecker et al 
21

, who all 

compared the anterior glenohumeral translation of throwing arms to the non-throwing 

arms in various levels of baseball players.  

However, our finding of decreased posterior laxity in the restricted TAMD group 

was contrary to the findings of Borsa and associates,
8, 9

 who evaluated throwing arms 
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versus non-throwing arms, assuming that the all throwing arms would be restricted. The 

results were consistent with those of Sethi et al. who found significant total translation 

differences between pitchers and position players, but they did not evaluate anterior and 

posterior translation independently.
103

 The main difference in our study and those of the 

previous authors was that we evaluated two distinct groups of pitchers, those with 

rotational motion loss as our experimental group and those without as our control group, 

instead of using non-throwing arms as the control group with all throwing arms being 

considered together. Additional differences included the use of TAMD as the 

distinguishing factor to identify experimental group membership, which according to 

these authors were not significantly different between the throwing and non-throwing 

arms.
8, 9, 103

 In addition we chose to use a within participant normalization, based on the 

work done by Sauers et al. that showed while Telos based testing is reliable, a “wide 

spectrum of symmetric laxity” is present across participants, there is a high level of 

bilateral symmetry.
96, 97

 The use of the difference scores between arms adjusted for the 

natural laxity differences between participants and provided a better measure to evaluate 

changes between the groups. In fact as noted above, had we looked at just the raw 

anterior and posterior translation measures, no statistically significant differences would 

have been found.  

In earlier glenohumeral joint studies, the lack of translational changes was used as 

evidence against the “peel back theory” of Burkhart
17

 and the idea that posterior capsular 

contracture was responsible for internal rotation losses.
8, 28

 The concept of posterior 

capsular contracture being a significant factor in loss of rotational motion at the shoulder 
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is based on the work of Burkhart and Morgan, who have attributed a thickening of the 

posterior capsule to distraction forces imparted during the follow-through phase of 

pitching.
16, 20, 80

 The existence of this contracture has been documented by studies that 

have shown thickened posterior glenohumeral joint capsules on MRI and diagnostic 

ultrasound.
112, 121

 If this contracture exists, we would expect a reduction in posterior 

laxity and an increase in posterior stiffness when the shoulder is in 90 degrees of 

abduction and external rotation. Our results did show a decreased posterior laxity, but no 

increase in stiffness. This was unexpected but may be better understood through an 

evaluation of the anatomy and the effects of posterior tightening. In his review of the 

glenohumeral anatomy in shoulder stability, Burkhart reported that in 90 degrees of 

abduction, the posterior-inferior glenohumeral ligament (P-IGHL) showed minimal 

resistance to a posterior load, and that it does not have a significant role in anterior/ 

posterior translation, but is instead a stabilizer in humeral flexion and internal rotation.
14

  

Debski and colleagues
31

 actually reported that the passive properties of the rotator 

cuff provided a greater contribution to resistance against posterior translation than the 

capsule, and others have characterized the contribution of the posterior capsule as thin 

and capable of providing minimal resistance.
10, 31

 If we combine that information with the 

reports in the literature that in the presence of a significant posterior contracture, there is 

a shift in the position of the humeral head on the glenoid both posteriorly and superiorly, 

it is possible that another explanation exists.
24, 26, 41, 45, 46, 48, 51, 106

 If the posterior 

glenohumeral joint capsule is rotated to the inferior portion of the joint and therefore does 

not provide significant resistance to posterior translation, then the posterior stiffness will 
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not be affected, but if the humeral head is already posteriorly shifted when in the 90
0
 

abducted and externally rotated position, then less motion would be available for 

glenohumeral translation in the posterior direction. 

While the ligamentous constraints and the position of the humeral head on the 

glenoid are important, we must also consider the potential effects of the other stabilizing 

mechanisms in the glenohumeral joint, especially that of the labrum, which acts as a 

bumper against translation of the joint. If the humeral head is posteriorly positioned on 

the glenoid, there would naturally be a decrease in the amount of motion available for 

translation. In addition changes to the position of the scapula, can affect the distance 

between the humeral head contact point and the rim of the labrum. This is important 

because multiple authors have reported changes in the scapular position in overhead 

throwers and in those with internal rotation loss.
35, 57, 65, 67, 75, 113-115

 Changes in scapular 

orientation have also been correlated with posterior capsular thickness, as well as internal 

and external rotation measures by Thomas et al.
112

 While we did not measure scapular 

position in the study, we cannot ignore the possibility that a change in the orientation of 

the scapula can effect translation in the joint. 

 Our secondary finding of higher posterior stiffness measures compared to anterior 

stiffness measures in both shoulders is also in disagreement with prior studies. Borsa et 

al. found the opposite relationship, while Crawford et al. found no differences between 

the two directions in the measurements.
9, 28

 Based on the work of Bayeans who reported 

differences in glenohumeral rotational and translational patters in varying degrees of 
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abduction and external rotation,
3
 it is possible that the differences could be due to 

changes in external rotation testing position. Where we tested in 90
0
, the other studies 

used less ER (60
0
 and neutral, respectively). It is also possible that the use of 150 N force 

was not sufficient to provide an accurate picture of the stiffness based on reported forces 

needed to reach the endpoint of translation at 203.1 N (anterior) and 191.8 N 

(posterior).
11

 Our findings do, however, reveal increased posterior stiffness when 

measured at 90
0
 of abduction and external rotation.  

 This study does have its limitations, including the possibility of insufficient 

control of scapular position/motion during glenohumeral joint arthrometry. Changes in 

this position could be responsible for some of the differences observed in the study. 

Additionally the study was done in only college-level pitchers, who are in the midrange 

of potential compensatory tissue alterations. It is possible that in either younger pitchers 

or older pitchers, the mechanisms for the loss of rotation may differ and thus affect the 

translation capabilities of the joint.  

CONCLUSIONS 

The results of this study show that when comparing collegiate pitchers with a loss 

in glenohumeral rotation, a decrease in posterior translation is seen, but no changes are 

evident in stiffness or anterior laxity measurements. We also reported higher posterior 

stiffness measures when compared to anterior stiffness measures in all shoulders. An 

argument has been made in support of possible capsular changes based on this data and 

the humeral head positional changes associated with a tight posterior capsule. Based on 
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these results in comparison to prior studies, caution should be taken in characterizing all 

throwers or all pitchers as a restricted group in terms of glenohumeral rotation loss. 

Additional investigation should be performed to examine the effect of scapular position 

in this model of measuring translation in the glenohumeral joint. 
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MANUSCRIPT TWO: LOSS OF GLENOHUMERAL RANGE  

OF MOTION AND ITS EFFECT ON ECCENTRIC  

STRENGTH IN COLLEGIATE PITCHERS 

 

ABSTRACT 

Deficits in glenohumeral joint rotational range of motion (ROM) and strength in 

baseball pitchers’ shoulders have been linked to an increased risk of injury. The purpose 

of this study was to determine whether a total arc of motion deficit (TAMD) in the 

throwing shoulder, when compared to the non-throwing shoulder, was related to the 

strength of the internal and external rotators of the glenohumeral joint. Forty-seven 

intercollegiate baseball pitchers were recruited to this cross-sectional study and assigned 

to one of two groups based upon their total glenohumeral joint rotational motion. Pitchers 

with >10° side-to-side differences in total rotational motion were classified in a deficit 

group (TAMD, n = 24), while the remaining 23 pitchers formed the non-deficit group 

(Non-TAMD). We measured glenohumeral joint internal and external rotation isometric 

strength at 4 angles of external rotation (0
o
, 30

o
, 60

o
 and 90

o
) with a hand-held 

dynamometer in the dominant arm. Additionally, eccentric IR and ER peak torques at 

300
o
/sec were measured bilaterally with an isokinetic dynamometer. Significant main 

effect differences were found for IR, ER and strength ratio measures (p < 0.001) The 

ER/IR strength ratio (86.2 ± 23.3% vs. 47.0 ± 7.8%) and ER eccentric peak torque (0.410 

± 0.088 Nm/kg BW vs. 0.295 ± 0.049 Nm/kg BW) were significantly greater in the 

dominant arm, while IR eccentric peak torque (0.488 ± 0.088 Nm/kg BW vs 0.636 ± 

0.101 Nm/kg BW) was significantly higher in the non-dominant arm. Internal rotation 
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eccentric peak torque measures (0.488 ± 0.088 Nm/kg BW) were significantly higher 

than any of the isometric measures (p < 0.001). Testing of the ER torques showed that 

eccentric measures (0.410 ± 0.088 Nm/kg BW), and isometric measures at 0°(0.386 ± 

0.132 Nm/kg BW) and 30° (0.366 ± 0.122 Nm/kg BW) were found to be significantly 

higher than the 60°(0.247 ± 0.087 Nm/kg BW) and 90° (0.188 ± 0.073 Nm/kg BW) 

measures (p < 0.001). Isometric ER/IR strength ratios at 0° and 30° were significantly 

lower than at the 0° and 30° testing positions (p < 0.01). These findings support an effect 

of the type of muscle action and differences in joint angle on torque generation in internal 

and external rotation movements. Loss of shoulder rotation ROM in collegiate pitchers 

does not appear to have a significant effect on eccentric internal and external rotation 

strength at the glenohumeral joint. 

Keywords:  overhead athlete, baseball injuries, internal rotation deficit, shoulder 
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INTRODUCTION 

Range of motion (ROM) changes in the shoulders of baseball pitchers have been 

well documented, with increases in external rotation (ER), decreases in internal rotation 

(IR) and horizontal abduction, as well as scapular movement dysfunctions being 

prominent alterations.
54, 88, 89, 131, 135

 These changes have also been linked to many injuries 

in the shoulder, such as rotator cuff and glenoid labral tears, as well as impingement 

syndrome, 
1, 57-59, 74, 98, 104, 132, 133, 136

 but a full understanding of the mechanisms linking 

these changes to the pathology has not yet been achieved. Additionally, decreases and 

imbalances in rotator cuff strength have been linked to shoulder and elbow injuries.
23, 25, 

36, 52, 53, 78, 119, 131
 To date there has been minimal research into potential relationships 

between ROM loss and strength loss, even though both have been shown to have a 

relationship to shoulder injuries in throwing athletes.  

 Glenohumeral internal rotation deficit (GIRD) has been described as a loss of 

internal rotation of the throwing arm of baseball pitchers when compared to the non-

throwing side, and ROM deficits in excess of 20 degrees have been associated with 

increased injury rates.
20, 21, 50, 58, 104, 123

 These changes have been attributed to both soft 

tissue and osseous adaptations. Osseous contributions are primarily attributed to a 

humeral retroversion adaptation that has been shown to occur during adolescence in 

throwers. 
30, 35, 49, 60, 86, 88, 139

 This change shifts the arc of motion in throwing athletes 

posteriorly, thereby increasing external rotation ROM while decreasing internal rotation 

ROM, often by an equal amount.
49,60,139
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This adaptation has led some sports injury researchers to describe the total arc of 

motion deficit (TAMD) as a measure of soft tissue changes in the joint, an objective 

parameter that requires the bilateral comparison of shoulder external and internal ROM 

values.
54, 131, 133, 135

 These investigators believe that changes in the total arc of motion are 

a more sensitive test of injury risk than GIRD. More recently a reduction of greater than 

5
o
 in total arc of motion has been attributed to greater injury risk in throwers.

44, 50, 105, 131-

133
 The differences between GIRD and TAMD have led to confusion among practitioners 

regarding the actual measurement techniques, as well as their association with shoulder 

injury risk.  

Due to the high stresses placed on the glenohumeral joint, the overhead throwing 

motion requires significant muscular control in order to prevent injury. The internal 

rotators are stressed primarily during the late cocking and acceleration phases of the 

throwing motion when they reverse the external rotation motion of the shoulder and 

propel the arm forward at instantaneous IR velocities of 6000 to 7200
o
/sec.

40, 43, 54, 60, 74, 89, 

107
 The external rotators are then put under stress as they act eccentrically to decelerate 

the arm after ball release.
1, 4, 23, 33, 52, 66, 73, 113, 114

 The ability of the rotator cuff muscles to 

stabilize the glenohumeral joint during these high speed activities is critical to injury 

prevention.  

In order to accomplish this, an appropriate strength ratio greater than 2:3 (ER:IR) 

must be maintained between the internal and external rotators of the shoulder.
23, 36, 52, 53, 90, 

111, 119, 131, 140
 Many authors have assessed these torques and their relationships to 
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injuries.
23, 25, 61, 62, 68, 91, 92, 101, 137, 140

 There are, however, multiple methods for testing this 

strength, and while one study concluded that peak torque measures are the most 

appropriate for this population,
73

 evidence regarding the best type(s) of muscle action and 

measurement tools to be employed to quantify the true functional capacity of these 

muscles among baseball pitchers is still lacking. 

The purpose of this study was to examine the eccentric strength differences 

between intercollegiate pitchers who presented with TAMD versus a group of pitchers 

that had no loss in glenohumeral joint rotational motion. Secondarily, we compared IR 

and ER strength measures collected eccentrically at 300
o
/sec with those collected 

isometrically with a hand-held dynamometer at 0
o
, 30

o
, 60

o
, and 90

o
 of glenohumeral 

joint external rotation.  

EXPERIMENTAL APPROACH TO THE PROBLEM 

In this study we classified collegiate baseball pitchers into two experimental 

groups based on the amount of limitation they had in their glenohumeral rotational range 

of motion so that we could determine if this loss of total arc of motion had an effect on 

the torque generating capacity of the musculature in a high-speed (300
o
/sec), eccentric 

task. This task was chosen due to the eccentric contractions required of the internal 

rotators during the late cocking and early acceleration phases of pitching and the high-

speed eccentric contractions of the external rotators during the deceleration phase of the 

pitch. In order to examine a more accessible option for strength testing, we also tested the 

IR and ER isometric torque production in the dominant arm with a hand-held 
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dynamometer in 4 positions (0°, 30°, 60° and 90°) of external glenohumeral rotation, and 

compared these results to eccentric testing at 300
o
/sec.  

 SUBJECTS 

 A total of 47 intercollegiate baseball pitchers who ranged in age from 18 to 23 

years and had at least 3 years of competitive pitching experience were recruited from 

college and university baseball teams throughout the Willamette Valley of Oregon to 

participate in this cross-sectional study. Volunteers were excluded if they had a history of 

shoulder surgery or dislocation on either shoulder, or if they had a history of internal 

impingement or shoulder tendonitis in the last 12 months.  

Upon arrival for testing, a brief introduction to the experimental protocol and the 

expectations for participation in the study were given. Participants then went through the 

informed consent process outlined in the approved IRB protocol and provided written 

consent prior to participation in any research activities. Data collection began with basic 

anthropometric measurements that included height, weight, age, and hand dominance. All 

pitchers then had their glenohumeral joint range of motion tested and were assigned into 

a TAMD group (> 10
o
 side-to-side deficit in total arc of motion), or a non-TAMD group 

(<10
o
 side-to-side difference in total arc of motion).  

Using this method, 24 pitchers were classified into the TAMD group while 23 

were assigned to the Non-TAMD group. Due to the corruption of a file, the data from one 

participant in the TAMD group were lost, leaving an equal number of pitchers in both 

groups (n = 23). No statistically significant differences were present in any group 
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demographics other than the loss in total arc of motion (TAM ↓) parameter that was used 

to allocate pitchers to experimental groups (p > 0.05). Participant demographic data are 

summarized in Table 3.1.  

Group Age (yrs) Height (cm) Mass (kg) Yrs Pitched TAM ↓(0) 

Non-TAMD  (n=23) 19.5 ± 1.1 183.4 ± 5.6 85.0 ± 9.8 9.6 ± 2.3 1.5 ± 6.8 

TAMD           (n=23) 20.0 ± 1.3 184.4 ± 5.5 86.4 ± 10.5 10.1 ± 3.3 17.3 ± 4.1 

Table 3.1 – Participant demographic information  

PROCEDURES 

Shoulder Internal and External Range of Motion Testing: Glenohumeral joint 

rotational range of motion was obtained through the use of a digital inclinometer 

(Chattanooga baseline digital inclinometer 43062, Chattanooga, TN), that was attached to 

a standard neoprene wrist sliding brace (Pro Orthopedics model 776, Tucson, AZ), 

through a custom screw-mounting attachment. The brace was applied to the participant’s 

wrist and the subject was asked to lie supine on a standard-length treatment table with the 

shoulder in 90
0
 of abduction (straight out to the side) and the elbow at 90

0
 of flexion, with 

the humerus on top of a bolster (see Figure 3.1). The principal researcher then applied 

pressure over the participant’s coracoid process to stabilize the scapula, and slowly 

moved the arm to the external rotation end point, where a measurement was taken. This 

was followed by moving the arm to the internal rotation endpoint for a second 

measurement. The total arc of motion was calculated as the arithmetic sum of these two 
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shoulder measures. Measures were taken on both shoulders with the order of testing 

randomized between the dominant and non-dominant arms.  

.     

Eccentric Strength Testing: Following ROM testing, measures of peak eccentric torque 

were obtained in both internal and external glenohumeral rotation from both arms using 

the isokinetic testing mode of a computerized dynamometer (Biodex System 3™, Biodex 

Medical Systems, Shirley, NY). Participants were seated upright on the dynamometer’s 

chair, and secured in place with the unit’s pelvic and torso Velcro
 TM

 straps. The 

participant’s forearm and upper arm were attached to the dynamometer’s standard 

shoulder attachment in 90° of abduction and 90° of elbow flexion and the forearm in a 

pronated position (see Figure 3.2). The velocity of the dynamometer was set at 300
o
/sec 

for the internal and external glenohumeral rotation testing protocols.  

The participant was instructed to maximally resist the motion of the 

dynamometer, which was programmed to move through 70% of the participant’s full 

active range of motion, eliminating the initial and terminal 15% of both internal rotation 

and external rotation, so as to decrease the risk of shoulder injuries. Three trials of each 

Figure 3.1 – Glenohumeral 

joint range of motion testing 

position 
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functional test were performed, with peak torque measures recorded for each trial. A 30 

second rest period was given between trials, with an additional 2-minute rest period 

imposed between arms and movements tested in effort to minimize the effects of 

muscular fatigue. The order of testing was counterbalanced and participants were given 

three trials of submaximal practice to become familiar with the testing protocol and 

control for learning effects. 

 

Isometric Strength Testing: A hand-held dynamometer (Lafayette Manual Muscle Test 

System, Model 01163, Lafayette, IN) was used to obtain isometric strength 

measurements at the glenohumeral joint. Participants were positioned supine with their 

throwing shoulder in 90° of abduction and 90° of elbow flexion for testing. The manual 

dynamometer was incorporated into a custom-made rigid aluminum jig which was 

positioned in line with the humeral axis and set at the specific testing angles to minimize 

measurement error. Peak internal and external rotation force values were obtained at 4 

positions: 0°, 30°, 60° and 90° of external glenohumeral rotation. Participants were 

instructed to perform 1 practice trial and then 3 maximum isometric force trials at each 

Figure 3.2 – Eccentric strength 

testing position 
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testing position using a 5-second count. Lever arm length and the peak force recorded by 

the dynamometer were used in peak isometric torque calculations. 

Statistical Analyses: Three-trial averages were calculated for all torque measures, and 

then were normalized to torque/body mass, expressed as Nm/kg BM. Eccentric and 

isometric ER/IR strength ratios were also calculated. Statistical analyses were conducted 

with S-Plus® for Windows® statistical software (version 8.0, Insightful® Inc., Seattle, 

WA). The normalized strength values and strength ratios were then compared through the 

use of two factor ANOVAs with replication using a Group (2) x Arm (2) design. 

Significance levels for each outcome measure were set based on a weighted Hochberg-

Bonferroni adjustment for multiple comparisons that established p-values of 0.25 for 

eccentric external rotation strength, 0.017 for eccentric internal rotation strength, and 

0.004 for strength ratios, based on a priori rankings of the importance of these variables. 

Lastly, one-way ANOVAs were used to compare peak torque values generated under 5 

ER and IR strength testing conditions, e.g., eccentric at 300
o
/sec, isometric at 0

o
, 30

o
, 60

o
 

and 90
o
 positions, in the dominant arm, with Scheffe post-hoc analyses performed on the 

significant results. 

RESULTS 

A significant difference in the main effect of Arm was seen in all three 

comparisons based on the eccentric testing conducted. Our results showed an increase in 

the strength ratios of the dominant arm when compared to the non-dominant arm for both 

the TAMD (85.2% + 24.3% and 45.4% + 7.3%, p < 0.001) and non-TAMD group 
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(87.3% + 22.8% and 48.5% + 8.1% Non-TAMD group, p < 0.001). Average eccentric ER 

and IR torques for both the TAMD and Non-TAMD groups in each arm are shown in 

Figure 3.3, and the Arm group comparison in which we saw increases in the ER measures 

of the dominant arm (p < 0.001) and decreases in the IR measures of the dominant arm (p 

< 0.001) are presented in Table 3.2. No main effect differences were seen for Group, nor 

were any interaction effects found in any of the three analyses (p > 0.05). 

 

Figure 3.3 - Isokinetic eccentric torque at 300
o
/sec in rotational movements 

 

 Dominant Arm  

(Nm/kg BW) 

Non-Dominant Arm 

(Nm/kg BW) 

P-Value 

Internal Rotation Peak 

Torque at 300
o
/sec 

0.488 ± 0.088 0.636 ± 0.101 <0.001 

External Rotation Peak 

Torque atat 300
o
/sec 

0.410 ± 0.088 0.295 ± 0.490 <0.001 

Table 3.2 – Normalized eccentric torque values between arms  
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In a comparison of the ER, IR, and strength ratios of the eccentric testing and the 

hand held isometric testing (see Table 3.3), a series of one-way ANOVAs showed 

significant differences between torque measures in ER (F(4,226) = 39.59, p < 0.0001), IR 

(F(4,226) = 44.01, p < 0.0001), and ER/IR strength ratios (F(4,226) = 15.33, p < 0.0001). 

Significant differences found in post-hoc analyses are presented in Table 3.4 and indicate 

that the angle at which isometric testing takes place had a significant effect on peak 

torque generation. 

  Isometric 0ᵒ Isometric 30ᵒ Isometric 60ᵒ Isometric 90ᵒ Ecc 300 ᵒ/s 

IR  

(Nm/kg BM) .295 ± .082 .317 ± .085 .293 ± .111 .271 ± .083 .488 ± .088 

ER  

(Nm/kg BM) .386 ± .132 .366 ± .122 .247 ± .087 .188 ± .073 .410 ± .088 

ER/IR  

Ratio 1.31 ± 0.57 1.15 ± 0.51 0.84 ± 0.53 0.69 ± 0.40 0.84 ± 0.23 

Table 3.3 – Normalized peak torque and ER/IR ratios across conditions 

  ER/IR Strength Ratios Internal Rotation External Rotation 

Pairing Scheffe Scheffe Scheffe Scheffe Scheffe Scheffe 

  stat p-value stat p-value stat p-value 

Ecc vs 0ᵒ 5.5491 0.007** 10.2814 <0.001** 1.1073 0.934 

Ecc vs 30ᵒ 3.7998 <0.001** 9.0775 <0.001** 2.0131 0.873 

Ecc vs 60ᵒ 0.9613 0.921 10.3413 <0.001** 7.518 <0.001** 

Ecc vs 90ᵒ 1.1749 0.847 11.4734 <0.001** 10.2355 <0.001** 

0ᵒ vs 30ᵒ 1.7188 0.214 1.1473 0.858 0.912 0.074 

0ᵒ vs 60ᵒ 4.5572 <0.001** 0.1166 0.999 6.4169 <0.001** 

0ᵒ vs 90ᵒ 6.6935 <0.001** 1.2486 0.816 9.1344 <0.001** 

30ᵒ vs 60ᵒ 2.823 0.097 1.257 0.867 5.4749 <0.001** 

30ᵒ vs 90ᵒ 4.9476 <0.001** 2.3828 0.228 8.1776 <0.001** 

60ᵒ vs 90ᵒ 2.1246 0.344 1.1259 0.867 2.7027 0.125 

Table 3.4 – Sheffe post-hoc analyses 
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DISCUSSION 

Comparisons of glenohumeral IR and ER strength in baseball pitchers have been 

reported in many different injured and healthy populations, as well as across multiple 

levels of play.
23, 131

 Many authors believe that injury risk among pitchers is based on 

imbalances in the ER and IR strength ratio created by IR strength increases due to the 

heavy workload of the internal rotators during the acceleration phase of the throwing 

motion.
23, 53, 90, 119, 131, 140

 The current general consensus is that the ER/IR ratio needs to be 

greater than 2:3 (66%) in pitchers, and should be comparable to the non-dominant ratio.
23, 

36, 53, 57, 89, 90, 131
 We found ER/IR ratios that were significantly higher in the dominant 

arms, but no significance differences between the TAMD and Non-TAMD groups. The 

ratios found in our population are similar to those reported by Reiman et al.
89

 who 

reported ratios between 86% and 99%, which are values similar to other reports for the 

dominant side, but our non-dominant ratios are much lower than those reported by 

Reiman and other authors in healthy populations.
23, 33, 36, 90, 131

  

We attributed the significant difference in the ER/IR ratio observed between the 

dominant and non-dominant arms to two factors. The first is the increase in ER strength 

present in the dominant arm, which was contrary to most reports on throwers which have 

found either no difference or a decreased ER strength in the dominant arm.
33, 36, 53, 119, 137

 

The second factor is the increased IR strength observed in the non-dominant arm, which 

again is contrary to several prior reports.
53, 73, 119

 There are multiple reasons why we may 

have seen this difference in our study, including the use of high velocity (300°/sec) 
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eccentric testing in both directions, which has not previously been examined, and was 

chosen as the current best methodology for approximating the muscle actions required 

during the throwing motion.  

Bast et al.
4
 previously reported that eccentric training only increased eccentric 

strength in the shoulder rotators,
4
 so the eccentric strengthening that the shoulder external 

rotators receive on every throw, may not be accurately reflected in the concentric or 

isometric testing that is prevalent in previous reports.
53, 57, 66, 119, 131

 This concept is based 

on the specificity of training theory, which also applies to the velocity of training in the 

current study. Scoville et al. reported that as testing velocity increased, eccentric torques 

can increase,
102

 while Zapartdis reported that as testing velocity increased, ER/IR ratios 

increased due to ER increases.
140

  

Lastly, eccentric strength testing in our study was done using the midrange (70%) 

of the available motion, and purposefully did not capture the initial or terminal 15% of IR 

or ER. This decision was based on previous reports that the rotator cuff produces its 

maximum tensions in this range due to length-tension relationships.
25, 57, 87, 126

 This may 

have limited the internal rotators’ ability to reach the zone in which they would normally 

train eccentrically, and thereby not have given a true eccentric peak torque.  

Our main objective in this study was to evaluate the potential strength differences 

between those pitchers with TAMD versus those without TAMD. This was based on both 

rotational strength and rotation loss being independently associated with injury risk.
23, 60 

Additionally, we hypothesized that restrictions in the range of motion could change 
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scapular position or functional lengths of the muscles and thereby changes their ability to 

generate torque. Both GIRD and TAMD have been associated with scapular 

dysfunction,
67, 76, 114, 131

 and that could change the angle of pull or functional length in 

these muscles, and it has been shown that the rotator cuff muscles produce different 

toques at different lengths.
25, 57, 63, 64, 87

 These hypotheses were however not supported by 

our findings which showed no significant differences between the TAMD and Non-

TAMD groups.  

The evaluation of shoulder IR and ER strength has evolved over the years, with 

many authors finding ways to put their own slant on how we should test these muscles to 

best describe the role of muscular protection of the joint. While there continues to be 

debate on the best way to test, one thing remains evident, and that is the need for a low 

cost, time efficient way of testing. It is just not feasible to have every pitcher tested on a 

$50,000 isokinetic dynamometer, or to put them through one repetition maximum testing. 

To that end, many authors have advocated for the use of hand-held dynamometers similar 

to the one used in this study, reporting high validity and reliability with these measures.
52, 

61, 68, 90, 93
  

One of the issues with isometric testing is the positioning of the patient and the 

joint for the evaluation. Lieber et al. reported that the best position for isolating the 

rotator cuff was with the shoulder abducted to 90°,
70

 but in what range of IR/ER is best? 

Two previous studies have reported that maximum torques are produced in the midrange, 

25, 57
 but Tyler et al. showed that measures with hand-held dynamometry at certain angles 



49 

 

noted weakness while full ROM isokinetic testing did not.
122

 We purposely compared the 

findings of our isokinetic eccentric testing to isometric measures using a hand-held 

dynamometer at four different angles (0, 30, 60 and 90 degrees) of IR and ER, and our 

results showed that the eccentric measures were significantly higher in IR than any of the 

isometric measure, but there were no differences between the four isometric measures. 

The similarity of the isometric measures is probably due to the fact that all of the 

measures were conducted with the muscles in their midrange placing the muscles on 

slack or in a stretched position. It is also not unexpected to see higher values in maximal 

eccentric muscle capacity.
4, 52

 Testing of the ER strength showed that eccentric measures 

and isometric measures at 0° and 30° were found to be significantly higher than the 60° 

and 90° measures. This finding is supported by Tyler et al. who found weakness in 

isometric testing at 90° of external rotation, which they attributed to end range testing 

that was more sensitive to losses in strength.
122

 Kuhlman et al also reported that isometric 

testing in 30° and 60° produced higher peak torques than at other angles.
62

 It is possible 

that the external rotators have a reduced ability to generate torque in higher angled 

positions due to their already shortened position. Strength ratios were also found to be 

different across conditions and varied based on the increases and decreases in the IR and 

ER strength.   

Our study has several limitations. We did not collect information on scapular 

stabilizer strength, or scapular position, both of which could have affected the IR and ER 

strength values. We also have no information on which pitchers were currently 

participating in strengthening programs for their rotator cuff, and those who did 
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not.Lastly, our isokinetic testing was performed at only one velocity (300°/sec), which 

was the fastest eccentric mode testing velocity available with the Biodex System 3™ in 

our laboratory. We selected that device and testing velocity as the best available method 

to quantify the eccentric muscle actions of the glenohumeral joint rotators during the 

throwing motion.  

PRACTICAL APPLICATIONS 

 Our results did not reveal a difference in strength between collegiate pitchers with 

a loss in total arc of motion and those without TAMD. However, there is strong evidence 

to support the link between decreases in either total arc of glenohumeral joint motion or 

strength, and injury.  

This study provided evidence that testing eccentric torque-generating capabilities 

at high velocity in the internal and external rotators of the shoulder revealed different 

strength characteristics than other isokinetic testing protocols, a finding that should lead 

strength specialists working with pitchers to evaluate the need for incorporation of 

eccentric training of the glenohumeral rotators into their programs.   Additionally, caution 

should be taken when testing IR and ER isometrically with a hand-held dynamometer to 

choose the appropriate angles for measurement based on the length and position of the 

muscles being tested, as our results showed significant differences across varying angles 

of rotation in torque measures. Prior research has shown that the best positions for 

obtaining peak torque measures are in the midrange of the available motion.
25, 57, 87
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CONCLUSIONS 

The loss of glenohumeral rotational range of motion and rotator cuff strength in 

the throwing shoulder has been linked to many injuries of the shoulder and elbow.
23, 53, 57, 

131, 133
  The purpose of this study was to determine if the loss of rotational glenohumeral 

motion in baseball players’ shoulders is associated with changes in their capacity to 

develop internal and external rotational torque at the shoulder, and changes in the 

capsuloligamentous laxity of their glenohumeral joint.  

The results of our study revealed that in collegiate pitchers with total arc of 

motion deficit (TAMD), a decrease in posterior translation was observed, without an 

increase in posterior stiffness. Additionally, no anterior laxity or stiffness measures were 

seen. Based on these data, and previously reported humeral head positional changes 

associated with a tight posterior capsule,
24, 41, 46, 51, 106

 an argument has been postulated to 

support possible capsular changes in those pitchers with TAMD. Eccentric strength 

measures showed no differences between the TAMD and Non-TAMD groups, thereby 

not supporting a relationship between these two risk factors in collegiate pitchers. Based 

on our results in comparison to prior studies, caution should be taken in characterizing all 

pitchers as a restricted group in terms of their glenohumeral rotation loss.  

Additional findings in our study included evidence that testing eccentric force 

generating capabilities at high speed in the internal and external rotators of the shoulder 

shows different strength characteristics than other isokinetic testing protocols, and that 

caution should be taken when testing IR and ER isometrically with a hand-held 
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dynamometer to standardize testing angle based on the length and position of the muscles 

being tested isometric strength measures. Recommendations for future investigation 

include the examination of the effect that scapular position and function has on 

measuring translation and strength in the glenohumeral joint, and arthrometer testing that 

allows for complete evaluation of the load/displacement throughout the linear (Hookean) 

region of the elastic deformation curve, as opposed to “black box” outputs that are 

provided by the LigMaster™. Additionally, eccentric testing of glenohumeral joint 

musculature involved in pitching must be conducted with computerized dynamometers at 

velocities greater than 300
o
/sec in order to have a more complete understanding of the 

roles of these muscles to first generate, and then control instantaneous glenohumeral joint 

internal rotation velocities in excess of 6000
o
/sec. 
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1. Brief Description: 

The sport-specific, upper extremity strength training and conditioning for 

baseball players is quite challenging due to the delicate balance that exists 

between the joint stability and mobility required for overhead throwing. 

Glenohumeral internal rotation deficit (GIRD), defined as the loss of at least 10
o
 

of internal rotation compared to the contralateral (non-throwing) shoulder, has 

been linked to several disabling injuries in the thrower’s shoulder. Understanding 

the biomechanical and physiological effects that this loss of rotation has on the 

motion of the shoulder is critical for reducing injuries. The primary purpose of 

this study is to determine if the loss of rotational glenohumeral motion in baseball 

players’ shoulders is associated with changes in their capacity to develop internal 

and external rotational force, shoulder capsuloligamentous laxity, and/or 

diminished proprioceptive abilities. 

Specific Aim #1: To determine the extent to which decreases in glenohumeral 

rotation range of motion affect internal and external rotation force production 

characteristics in baseball players. Our working hypothesis is that subjects in the 

non-GIRD group will have significantly greater isometric and eccentric internal 

rotation peak force values than those in the GIRD group (p < 0.05).   No 

significant differences in external rotation peak force measures are expected 

between the two groups (p > 0.05).  

Specific Aim #2:   To determine the extent to which decreases in glenohumeral 

rotation range of motion affect anterior-posterior glenohumeral laxity in baseball 

players. Our working hypothesis is that subjects in the GIRD group will exhibit 

significantly less posterior translation of the humerus compared to those in the 

non-GIRD group (p < 0.05). 

Specific Aim #3: To determine the extent to which decreases in glenohumeral 

rotation range of motion affect joint position sense in baseball players. Our 

working hypothesis is that due to posterior capsular tightening, participants in the 

GIRD group will exhibit decreased average error scores (greater accuracy) when 

moving into internal rotation, and increased average error scores (less accuracy) 

when moving into external rotation (p < 0.05). 

Within the context of the proposed study, as a secondary purpose, we will 

establish the validity of an isometric internal and external rotation peak force 

measurement protocol at the shoulder using a hand-held manual muscle testing 

device against results obtained using a “gold standard” isokinetic dynamometer 

protocol.   

Specific Aim #4: To determine the concurrent validity of a manual muscle testing 

protocol field test with a hand-held dynamometer against laboratory-based 

internal and external rotation force values obtained with a computerized isokinetic 

dynamometer   (p < 0.05, Pearson r > 0.70).   
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This research is intended for use as part of a graduate student’s doctoral 

dissertation and is expected to be submitted for publication and/or presentation at 

a scientific conference.  

2. Background and Significance: 

Glenohumeral internal rotation deficit (GIRD) has been linked to several 

disabling injuries in the thrower’s shoulder, most notably Type II superior labrum 

anterior-posterior (SLAP) tears and the pinching of the inferior cuff between the 

humeral head and the glenoid, otherwise known as internal impingement. 
7, 18, 19, 

22, 34, 83, 125, 130
  Shoulder injuries can be debilitating and career-threatening for the 

overhead throwing athlete.  The term GIRD typically applies to a subset of 

overhead sport athletes who have clinically-significant decreases in internal 

rotation.  However, multiple studies have found that the overhead athlete develops 

an adaptation in his/her normal rotational range of motion in the throwing 

shoulder that is biased toward increased external rotation. This shift in the 

rotational arc of motion has been attributed to a humeral head retroversion 

adaptation—a posterior shift in the normal rotational range of motion.
12, 29, 95

 

Most throwers’ shoulders could be defined as having GIRD because when 

glenohumeral external rotation range of motion increases (“external rotation 

gain”), a concomitant loss of internal rotation is frequently observed (“GIRD”).
5, 

12, 29, 34, 39, 95, 134
  (Figure 1)    

This combination has led some authors to describe Type II SLAP lesions 

and internal impingement syndrome as being not solely associated with a loss of 

internal rotation, but with a loss in the total arc of rotational motion when 

compared to the contralateral shoulder. 
34, 39, 95, 99, 108, 134

 Unfortunately, many of 

the existing studies that have examined the effects of GIRD have considered only 

the internal rotation deficit, thereby ignoring other adaptations potentially present 

in the thrower’s shoulder.
7, 12, 27, 71

 

 

 

The potential for injury and change in activity-based motion created by 

this loss of rotational motion has led to two main theories as to the cause of the 

Figure 1 – The total glenohumeral motion concept, where: 

external rotation (ER) range of motion + internal rotation 

(IR) range of motion = total motion.   
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restriction. On one side we have those who believe that the lack of internal 

rotation of the throwing shoulder is due to a tightening of the posterior rotator cuff 

musculature
12

 while others contend that GIRD is caused by adaptive thickening of 

the posterior glenohumeral capsule. 
2, 18, 19, 22, 79, 120, 138

  Those who have advanced 

the premise that glenohumeral capsule tightening is the cause of GIRD cite a 

thickening of the posterior capsule on observation during surgical procedures, or 

on diagnostic imaging studies.
18, 19, 22, 79, 83, 120, 129, 138

 Many of these same authors 

consider the ability to restore internal rotation with transection (surgical cutting) 

of the posterior glenohumeral joint capsule as evidence that the posterior capsule 

is the primary cause of the restriction. 
18, 19, 22, 79, 129, 138

   

In contrast, there are those who contend that the etiology of GIRD is based 

on a maladaptation of the posterior rotator cuff musculature in response to chronic 

eccentric overloading. Proponents of this theory cite studies that have used 

shoulder arthrometry to measure and compare the anterior-posterior translation of 

the humeral head in throwers, as a representative sample of those with decreased 

internal rotation, against non-throwers and found no significant differences in 

laxity between these two groups. 
12, 27, 134

 These findings imply that noncontractile 

structures, specifically, the posterior glenohumeral joint capsule, is unchanged in 

the throwing population. Both of the causal theories of GIRD currently lack 

sufficient evidence to fully explain or identify the mechanism(s) responsible for 

the observed internal rotation deficits.   

Three key contributors to the function and stability of the glenohumeral 

joint are the: (a) static stability provided by the bony configuration and 

capsuloligamentous restraints, (b) dynamic stability provided by the rotator cuff 

musculature, and (c) the neuromuscular (proprioceptive) control of the shoulder. 

By examining the effects seen in these characteristics of athletes with a decreased 

rotational range of motion we hope to isolate the pathological process(es) 

involved with GIRD.  Strength of the rotator cuff musculature can be measured in 

many ways; however, due to the eccentric nature of muscle activation during the 

throwing motion, eccentric peak force testing should provide the most accurate, 

functional values for this population. Quantifying the forward and backward 

linear movement of the humeral head on the glenoid fossa in the sagittal plane 

will define the characteristics of laxity seen in thrower’s shoulders.  The 

proprioceptive component can be examined through the use of both active and 

passive measures of joint position sense. Obtaining measures of these components 

across varying levels of rotational motion restriction should help clarify how these 

limitations change the control and motion of the shoulder during throwing. 

In quest of answers to the GIRD etiological dilemma, we plan to examine the 

neuromuscular and biomechanical characteristics of the glenohumeral joint in a 

group of intercollegiate and recreational throwers who exhibit a profound loss of 

internal rotation motion (> 10
o
) and thus are at increased risk of injury.   
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3. Methods and Procedures: 

Fifty apparently-healthy, male intercollegiate baseball pitchers, with at 

least 3 years of competitive pitching experience, will be recruited to join this 

study through an investigator invitation at team meetings of collegiate baseball 

teams throughout the Willamette Valley of Oregon. Subjects will be excluded if 

they have a history of shoulder surgery or dislocation as well as if they have a 

current diagnosis of internal impingement. 

A brief introductory session will be held for each subject, during which 

they will be shown the experimental protocol and the expectations for 

participation in the study.  Any questions the subjects might have will be 

answered at this time.  Following this description of the testing and research 

protocol, each subject will be given the opportunity to sign informed consent 

documents and go through basic anthropometric measurements that include 

height, weight and age. This process is expected to take approximately 15 

minutes. 

Each participant will then have his passive internal and external rotation 

glenohumeral range of motion measured through the use of a digital inclinometer 

for inclusion in either the deficit or non-deficit groups. This will be followed by 

testing for objective glenohumeral joint force production, joint position sense, and 

glenohumeral capsuloligamentous anterior-posterior translation values on each 

subject’s throwing and non-throwing shoulders.  All data collection will be 

performed in a single session by the student researcher on this grant (Leddon) in 

either the Oregon State University sports medicine laboratory, or the Willamette 

University sports medicine laboratory. The total time for data collection is 

expected to be 90 to 100 minutes.  

   Shoulder Internal and External Range of Motion Testing 

Shoulder joint rotational range of motion will be obtained through the use 

of a digital inclinometer that will be attached to a standard baseball neoprene 

wrist sliding brace.  The brace will be applied to the subject’s wrist, at which time 

the inclinometer will be attached via a mounting bracket on the back of the brace. 

The subject will be asked to lie supine on a standard length treatment table with 

the shoulder in 90
0
 of abduction (straight out to the side) and the elbow at 90

0
 of 

flexion (bent at a right angle) (see Figure 2). The researcher will then apply gentle 

pressure to the front of the subject’s shoulder to stabilize the scapula (shoulder 

blade), and then slowly move the arm to the external rotation end point where a 

measurement will be taken; this will be followed by moving the arm to the 

internal rotation endpoint for a second measurement. The total arc of motion will 

be recorded as the arithmetic sum of these two shoulder measures. This process is 

expected to take 3 to 4 minutes. 
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.      

Eccentric Strength Testing 

Measures of peak eccentric force will be obtained in both internal and external 

glenohumeral rotation using the isokinetic testing mode of a computerized 

dynamometer (Biodex System 3™, Biodex Medical Systems, Shirley, NY).  

Subjects will be seated upright on the dynamometer’s chair, secured with the 

unit’s pelvic and torso Velcro
 TM

 straps. The subject’s forearm and upper arm will 

be secured to the dynamometer’s shoulder attachment in 90° of abduction and 90° 

of elbow flexion. The velocity of the dynamometer will be set at 300
o
/sec for the 

internal and external glenohumeral rotation testing protocols. The subject will be 

instructed to resist the motion of the dynamometer, which will be set to move 

through the 70% of subject’s full active range of motion eliminating the end 15% 

of internal rotation and external rotation. Three trials of each functional test will 

be performed, with a 30 second rest period between trials.  An additional 2 minute 

rest period will be imposed between testing directions to minimize the effects of 

muscular fatigue. This process is expected to take approximately 15 minutes.  

Isometric Strength Testing 

A hand-held muscle testing dynamometer (Model 01163, Lafayette 

Manual Muscle Test System, Lafayette, IN) will be used to obtain isometric 

strength measurements.  Subjects will be positioned supine with their non-

throwing shoulder in 90° of abduction and 90° of elbow flexion for testing. The 

manual dynamometer will be incorporated into an inelastic constraint device in 

effort to minimize measurement error.  Peak internal and external rotation force 

values will be obtained at 3 positions: 0°, 30°, 60°, and 90
o
 of external 

glenohumeral rotation. Subjects will be instructed to perform 3 maximum 

isometric force trials at each testing position using a 5-second count.  This 

protocol will then be repeated with the opposite (throwing) shoulder. This process 

is expected to take approximately 10 minutes. 

Joint Position Sense Testing  

 Glenohumeral joint position sense will be measured with the arm moving 

in both internal and external rotation using the continuous passive motion (CPM) 

mode of an isokinetic dynamometer (Biodex System 3™). Subjects will be seated 

upright on the dynamometer chair, secured with the unit’s pelvic and torso Velcro 

Figure 2 – Range of motion testing position 
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TM
 straps. The arm of the shoulder being tested will then be covered by a piece of 

elastic tubular wrap from the wrist to the surgical neck of the humerus to provide 

uniform compression and help standardize the feedback from the subject’s skin 

receptors. The subject’s forearm and upper arm will then be secured to the 

dynamometer’s resistance arm in 90° of abduction and 90° of elbow flexion, with 

a custom-made attachment that utilizes a partially inflated vacuum splint to limit 

extraneous shoulder and elbow motion, as well as limit unintended proprioceptive 

feedback from the dynamometer’s contact sites with the skin (Figure 3). 

 Glenohumeral joint position sense will be quantified through the use of a 

combined passive reproduction of passive positioning (PRPP) and active 

reproduction of passive positioning (ARPP) protocol employed previously by our 

laboratory.
110

  Measurements will be obtained from 3 trials at each of 2 target 

angles in both internal and external rotation, for a total of 24 JPS trials (12 PRPP 

and 12 ARPP trials).  The target angles used will be individualized for each 

subject and represent 60% and 90% of that subject’s maximum passive rotation in 

internal and external glenohumeral rotation.
110

   

 

Passive Reproduction of Passive Positioning Protocol.  The dynamometer’s 

continuous proprioception mode will be used to quantify the accuracy with which 

the subject can reproduce passively produced joint angles. The shoulder will be 

passively rotated by the dynamometer at a velocity of 10°/sec to the appropriate 

target angle, where it will be maintained for 3-5 sec, before being passively 

returned to the starting position. The dynamometer will then be activated to rotate 

the subject’s shoulder at 10°/sec through the preset range of motion until the 

subject presses a hand-held cut off switch at the point she/he perceives to be the 

target angle. Measurements will be taken in both internal and external rotation, 

with the absolute differences from the target angle being recorded (in degrees) 

and averaged over the 3 trials for each direction. The averages for each of the 2 

angles measured in each direction will then be combined for between-group 

comparisons.  

Figure 3 – Joint position sense testing protocol 
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Active Reproduction of Passive Positioning Protocol.  The dynamometer’s 

proprioception testing protocol will be used to evaluate this variable. The subjects 

arm will be passively rotated to the aforementioned target angle where it will be 

maintained for 3-5 sec, before being passively returned to the starting position. At 

this point the subject will be asked to actively return the shoulder to the 

appropriate target angle and stop the arm when he perceives the shoulder to be at 

the target angle. Measurements will be taken in both internal and external 

rotation, with the absolute differences from the target angle will be recorded (in 

degrees) and averaged over the 3 trials for each direction. The average error for 

each of the 2 target angles measured in each direction will then be combined for 

between-group comparisons. 

  Shoulder Ligament Laxity Testing 

Anterior and posterior shoulder ligament laxity measures will be obtained 

for each subject through the use of a computerized multijoint arthrometer 

(LigMaster™, Sport Tech, Inc., Charlottesville, VA), positioned on top of a 

standard treatment table.  Each subject will be seated on an adjustable stool, at a 

height allowing for the shoulder to be placed in a position of 90° of abduction and 

neutral rotation, with the elbow in 90° of flexion (Figure 4). Total positioning 

time is expected to take 1 to 2 minutes. 

 

Once the subject is in the desired testing position, a 150 N load (33.7 

pounds) will then be applied in the anterior direction to the proximal humerus via 

the shoulder arthrometer. Following the manufacturer’s instructions, this force 

will be applied over an 8 to 10 sec window of time, yielding a force application 

rate of 15 N/s to 19 N/s.  This procedure will then be repeated with the force 

being applied in a posterior direction to the proximal humerus.  Four 

measurements will be taken in each direction with the final three being used to 

obtain a 3-trial average for statistical comparisons.  The subject will be given a 

one minute rest period between each trial. The first trial will not be analyzed as it 

will serve as a preconditioning trial to familiarize the subject with the 

Figure 4 – Arm positioning 

during laxity testing 
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experimental procedure and promote muscular relaxation during the final 3 trials. 

All measurements will then be performed on the opposite extremity. This process 

is expected to take approximately 25 minutes, including the repositioning of the 

subject between anterior and posterior testing directions.  

4. Risks/Benefit Assessment: 

a. Risks – Shoulder range of motion testing will be done in a manner very 

similar to that of a normal pregame stretching bout for the participating 

pitchers. The researcher performing these measurements is a  nationally-

certified strength and conditioning specialists (Leddon)who has extensive 

experience in shoulder stretching techniques. The combination of these 

two factors will limit the potential risk to the subjects from this range of 

motion measurement. There is a possible risk of discomfort or injury to 

the anterior capsule of the shoulder joint during the arthrometric 

measurement. However, the force used in this study (150 N) for obtaining 

laxity measurements is similar to that used in the orthopedic examination 

of the ligaments of the shoulder and well below previously-measured 

values for the ultimate tensile strength (491 N) of shoulder joint 

ligaments.
25

 The potential for injury is further reduced by the slow 

application of this force over an 8 to 10 second time period. Strength 

testing carries the same inherent risks as strength training that these 

athletes would routinely participate in to protect their shoulder from 

injury. This testing will also not be done at the end of the ranges of motion 

further limiting the possibility of injury to the area. Joint position testing is 

performed at very slow speeds (10 degrees/sec) and performed within a 

self selected range of motion to limit the risk of injury, as well as the 

subject having a “kill switch” in their hand to stop the isokinetic 

dynamometer at any point that they choose. A certified athletic trainer 

(Harter and/or Leddon) will also be on site for all testing in case of any 

discomfort or soft tissue injury.  

b. Benefits – There are no expected individual benefits for the subjects who 

participate in this study. 

c. Conclusion – The range of motion testing is very similar to a standard 

arm stretch procedure that these athletes would be familiar with, the joint 

laxity and joint position sense protocols have been used in multiple peer-

reviewed studies with no reported detrimental effects. Strength testing is 

based on standard testing methods and is well within the individual’s 

range of motion. This background, along with the availability of a certified 

athletic trainer (Harter and/or Leddon) on site for all testing in case of any 

discomfort or injury should minimize any potential problems in the 

protocol. 
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5. Participant Population: Fifty apparently-healthy competitive baseball pitchers 

aged 18-26 years of age, with at least 3 years of competitive pitching experience 

from intercollegiate teams in the Willamette Valley of Oregon will be recruited. 

Age range restrictions are put in place to limit differences between degenerative 

(arthritic) changes that are known to occur in the shoulders of older baseball 

pitchers. Exclusion criteria will include any prior shoulder surgery or dislocation 

as well as a current diagnosis of internal impingement. While no restriction will 

be made to exclude females from this study, it is not expected that any will be 

recruited as their participation in baseball at the intercollegiate level is limited. It 

would not be feasible to include females from a softball population as the pitching 

mechanics are significantly different and the forces placed on the shoulder during 

windmill-style pitching are not similar to overhand pitching in baseball. 

6. Subject Identification and Recruitment: The investigator will speak with the 

coaching staffs of competitive baseball teams who participate at the 

intercollegiate level in the Willamette Valley of Oregon to obtain approval to 

discuss the study and recruit subjects to the study by speaking at team meetings to 

the pitchers who are eligible to participate. Recruitment for this study will be done 

at team meetings that are separate and distinct from those done by the same 

researchers for their similar study (IRB# 4382) “The Effects of Acute and Chronic 

Fatigue on Glenohumeral Range of Motion and Laxity in Professional and 

Collegiate Baseball Pitchers”. It is however possible that separate meetings may 

be held with the same intercollegiate teams for both studies upon approval by the 

coaching staffs. The studies will not be presented at the same meetings and will 

be characterized as separate and distinct entities.   

7. Compensation: Subjects who complete all aspects of this study will receive a 

monetary payment of $50.  The amount of compensation will be prorated at $10 

for each of the first four tests if for any reason the participant does not continue in 

the study, e.g., $10 for completing range of motion testing, $20 for completing 

range of motion testing and joint laxity testing, etc. No reimbursement will be 

paid for travel expenses to and from the research site. 

8. Informed Consent Process: Each person who volunteers to participate in this 

study will attend a short introductory meeting.  The experimental protocol will be 

demonstrated and explained, and the expectations for participation in the study. 

Any questions that a volunteer might have will be answered at this time.  The 

volunteers will then be asked about prior upper extremity injuries and excluded 

based on the criteria outlined previously in #5. At the end of this process, the 

subjects will be asked to sign the informed consent document (Appendix A) if 

they choose to participate in the study.  

9. Anonymity or Confidentiality: All testing sessions will be conducted 

individually and results of the shoulder range of motion, eccentric strength 

testing, isometric strength testing, joint position sense testing, and joint laxity tests 
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will be recorded on data sheets and will be coded with a  subject number system. 

These files will be kept in a folder and stored in a locked filing cabinet, located in 

the Sports Medicine Laboratory of Oregon State University when not in use for 

study purposes.  Informed Consent documents will also be maintained in a 

separate folder that will be kept in the same locked filling cabinet for the duration 

of the study, the informed consent documents do not have any reference to the 

subject number and the data sheets have no reference to the subjects personal 

information so the two cannot be linked. This individual information will be kept 

for 3 years after the conclusion of the research activities in accordance with 

federal regulations. 
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APPENDIX D 

DATA COLLECTION PROCEDURES 
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DISSERTATION DATA COLLECTION PROCEDURES 

1. Check for eligibility by going through checklist. 

2. Give a copy of Informed Consent Document to subject, go through document 

with the subject section by section, if subject agrees have them sign document. 

3. Collect Height, Weight, Age, and years pitching. 

4. Record Subject number Date and Dom Hand on Collection Sheet. 

5. Fit subject for wrist brace for both hands and attach inclinometer to dominant 

hand. 

6. Lay supine on training table in Ligmaster room with at least half of upper arm on 

table and folded towel under arm – Take subject through full ROM. 

7. Measure ER – stabilize corocoid process with table side hand and level elbow 

with same side knee, take into external rotation with hand toward ceiling, press 

hold button on inclinometer, return to neutral and record reading.  

8. Measure IR – stabilize coracoid process with table side hand and level elbow with 

same side knee, take into internal rotation with hand toward floor, press hold 

button on inclinometer, return to neutral and record reading.   

9. Add ROM’s together and record in total arc slot on collection sheet 

10. Repeat steps 5-8 on opposite arm 

11. Determine Group membership (IRD or not) 

12. Enter subject into ligmaster system, listed by subject # 

13. Seat subject on stool facing away from ligmaster load cell, align shoulder and 

elbow parallel to tabletop, with bolster over corocoid process, and load cell on 

upper ¼ of humerus. Assure subject is sitting erect and has scapula retracted and 

depressed. Hand subject stopwatch for timing.  

14. Progress through software collection process to start screen and bring load cell to 

2.9 and stop.  

15. Tell subject to stop and start stopwatch as testers command. Begin stopwatch as 

turning of load cell begins.  Turn load cell with constant speed using two hand 

procedure. 

16. When load reaches 15 N stop turning load cell and tell subject to stop the watch. 

Save data in system and record the time. (should be between 8-10 sec) 

17. Repeat steps 13-15 for trials 2 and 3 

18. Repeat steps 12-16 with subject facing toward ligmaster to test posterior laxity 

19. Repeat Steps 13-18 for opposite arm 

20. Determine order of testing based on counterbalance sheet 

21. Position subject supine on table with arm in Lafayette testing device, elbow on 

extension and lever arm positioned at X degrees, pushing into IR/ER based on 

balancing. Brace upper arm to extension with ace wrap.  
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22. Take 3 readings in direction determined with a 30 sec break between each, 

manual save after each attempt and record on data sheet. 2 minutes break. Reverse 

direction of unit and obtain 3 readings, saving and recording. 

23. 2 min break. Move lever arm to X degrees and repeat step 20. 

24. 2 min break. Move lever arm to X degrees and repeat step 20. 

25. 2 min break. Move lever arm to X degrees and repeat step 20. 

26. Cut length of Conperm to cover arm from mid humeral shaft to hand, with cut out 

for thumb, and apply to subjects arm. Make sure foot rest is on Biodex and set at 

the correct height.  

27. Position subject on Biodex unit with arm toward unit. Assure shaft of humerus is 

aligned with axis of rotation of dynamometer head with arm in 90/90 position. 

Check for scapular hiking and distance from attachment.  

28. Attach JPS attachment, hand subject small ace wrap for gripping in hand, position 

vacuum splint to attachment and position subjects arm in device.  Velcro splint, 

deflate and wrap with Ace to stabilize to attachment. Hand subject hold button. 

29. Choose CEL dis passive shoulder IR/ER protocol. Enter subject using subject 

number into Biodex patient database.  

30. Set subject active ROM limits with ROM tab. 

31. Set alignment with straight up as 90 degrees.  Set weight adjustment. Hit GO 

button. Move trial box to side (do not close) 

32. Allow joint to move through full ROM and record max IR and ER from Biodex 

and inclinometer. Calculate percentages for testing. Explain passive procedure to 

subject (include stop device on first pass even though setting will be on second). 

33. Allow joint to Stop at 60% or 90% in IR or ER based on counterbalancing chart 

with hold button on dyno head, by monitoring angle change on computer readout. 

Record hold angle on data sheet. Hit hold button again to start movement after 3-5 

seconds. Allow arm to return to start position and continue back toward hold 

angle. 

34. Have subject hit hold button when they believe angle has been replicated. Record 

stop angle.  

35. Continue through full ROM, and repeat steps 30-31 for opposite direction at that 

angle. 

36. Repeat steps 30-32 for other angle. 

37. Hit hold button at comfortable place for subject. 

38. Hit stop button on computer screen. 

39. Set new protocol in active JPS in IR/ER based on balancing. And then select new 

test in patient menu. Set alignment with 90 degrees being straight up. Set limb 

weighting. And hit GO button. Move trial box to side (do not close) 
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40. Hit hold button and examiner should move dyno arm to opposite end ROM from 

testing direction and angle based on counterbalancing and hit hold button.  

41. Explain process to subject 

42. Hit hold button again to release dyno arm and examiner should move arm to hold 

angle by monitoring angle change on computer readout  and hit hold button, wait 

3-5 seconds, then hit hold button again and return limb manually to start angle 

and hit hold button again. Record hold angle on data sheet. 

43. Tell subject to hit their hold button when ready to actively move limb to target 

angle, move limb and stop with hold button when target angle is reached. Record 

stop anlge. Hit stop button. 

44. Repeat steps 36-40 for opposite direction at that angle. 

45. Repeat steps 36-41 for other angle.  

46. Remove subject from vacuum splint and arm attachment.  

47. Attach IR/ER shoulder strength testing attachment. Confirm alignment of humeral 

shaft and shoulder. Put pad over top of humerus and wrap arm into device with an 

ace.  

48. Reset ROM with ROM tab at 85% of inclinometer readings.  

49. Change protocol to Isokinetic shoulder IR/ER CEL Dis based on balancing. 

50. Choose new test from patient menu. 

51. Set alignment with straight up as 90 degrees.  Set weight adjustment. Position arm 

at end of ROM opposite of the test to be run. Hit GO button. Have patient rest 

until trial ends and test begins.  

52. When test begins patient should push concentrically (low threshold) through 

range and reverse into eccentrics with max effort at end range. Resist through full 

allowable ROM.  

53. After single trial wait for rest period to end and repeat process 3 times.  

54. Return subjects arm to comfortable position and hit hold button. 

55. Hit accept test on computer screen to save test.  

56. Repeat steps 46-52 for opposite direction.  

57. Remove patients arm from dyno. 

58. Reposition Conperm sleeve on other arm and repeat steps 27-58 for opposite 

arm after repositioning dynamometer for that side (including arm 

attachment reversal). 

59. Print out reports from eccentric tests. 

60. Have patient sign payment forms. 

61. Give subject incentive payment and thank him for his time.  
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 GLENOHUMERAL INTERNAL ROTATION DEFICIT  

  Glenohumeral internal rotation deficit (GIRD) is a very complicated issue in the 

management of shoulder injuries for today’s sports medicine practitioner. Everything 

from a basic clinical definition of GIRD to what causes the loss of internal rotation, as 

well as how and when we should treat this condition are all still very much debated 

topics. While GIRD is not necessarily a pathological condition, what causes it very well 

could be, and the effects it has on the shoulder can most definitely create a serious and 

debilitating injury.   

In the sports medicine realm, GIRD is primarily found in the overhead throwing 

athlete, and has been linked to many common injuries found within this population 

including internal impingement and Type II SLAP (superior labrum anterior-posterior) 

lesions of the glenoid labrum.
7, 18, 19, 22, 34, 83, 125, 130

 The close association of GIRD with 

some of the most significant injuries to the thrower’s shoulder precipitates a need for a 

better understanding of the factors involved with the condition.   

The first step in this process is obtaining a clear understanding of the 

biomechanical and neuromuscular characteristics of the normal, healthy throwing 

shoulder. The throwing shoulder has been shown to generate instantaneous angular 

internal rotation (IR) velocities of up to 7000
o
/sec and rotational torques above 14,000 

inch-pounds during the acceleration phase of pitching, as well as distraction forces as 

high as 750 N during the follow-through phase.
2, 5

 In order to withstand this level of 

stress during repetitive throwing, stability in the glenohumeral joint must be maintained.   
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Somewhat paradoxically, to optimize performance (especially velocity), excessive 

motion is needed in the joint. The intricate balance between these two has actually been 

termed the “thrower’s paradox.”
134

 This need for increased motion has created an 

adaptation in the range of motion (ROM) characteristics of the thrower’s shoulder. 
5, 39, 69, 

84, 99
 Previous research has found an increase in shoulder external rotation, a loss of 

shoulder internal rotation, and a loss in horizontal adduction in the dominant arm of the 

throwing athlete. 
5, 39, 99, 125

 The internal and external rotation ROM changes have been 

described as a shift in the rotational range of motion at the shoulder as opposed to 

discreet changes. 
5, 130

 This shift in rotational motion has been attributed an increase in 

humeral retroversion, a boney adaptation not a soft tissue change that occurs as the 

thrower matures, generally during puberty. 
12, 134

 These changes are not considered to be 

detrimental to the shoulder.
134

 

The findings in normal shoulders present a problem for the clinical definition of 

GIRD, in that the “typical” throwing shoulder of an experienced pitcher has a decreased 

amount of internal rotation due to humeral retroversion. Some authors feel that any loss 

in internal rotation, including that from adaptive boney changes creates an increased risk 

for injury and therefore should be classified as GIRD.
7, 12, 27, 71

 This theory has been 

supported by reports that even in the presence of humeral retroversion, internal rotation 

can be recovered without a loss in external rotation through a long term stretching 

program.
56, 71
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Wilk et al.
134

 presented a different view of GIRD. In their 2002 study, they 

described a total arc of motion that combines glenohumeral internal rotation and external 

rotation ROM, to take the shift of rotational motion into account. 
134

 They, as well as 

many others, support the premise that a thrower does not have an increased risk of injury 

and therefore does not have GIRD unless they have a loss, not only of internal rotation, 

but also in the total arc of motion.
34, 39, 95, 99, 108, 134

 This distinction between which 

measure we should use to define or characterize GIRD can be a confusing point for the 

clinician as well as the patient.  

Unfortunately the conflicting opinions do not end with the clinical definition of 

GIRD. There is currently a large debate in the literature as to what actually creates the 

loss of internal rotation ROM beyond the loss attributed to humeral retroversion. While 

GIRD can be created by surgical complications, such as scarring or over-tightening 

during a capsular shift, 
2, 118, 129

 this debate centers around the cause associated with 

overhead throwing activities.  

Wilk et al.
134

 are the primary proponents of the theory that the decrease in internal 

rotation ROM in a pitcher’s shoulder is due to a contracture within the posterior rotator 

cuff musculature. In this definition, the posterior cuff musculature (infraspinatus and 

teres minor) becomes contracted in response to an increased need for stability caused by 

anterior shoulder laxity.
134

 This contracture is increased by the repetitive stresses applied 

to the external rotators during the deceleration phase of the throwing motion.
134

 The main 

support for this theory comes from the humeral translation measures obtained by 
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Crawford et al.
27

 and Borsa et al.
12

, who found that there was no change in anterior or 

posterior humeral translation in baseball players dominant arms when compared with 

their non-dominant arm or when compared with controls.
12, 27

 However, in this study the 

authors defined GIRD as the absolute loss of internal rotation, and in their measurements 

showed no loss in total arc of motion in their “GIRD” group of throwers.  

The opposing viewpoint, led primarily by Burkhart et al.
19

, proposed that the loss 

of internal rotation is due to a posterior capsular contracture and not a muscular 

adaptation. They suggested that the posterior glenohumeral joint capsule becomes 

thickened and shortened due to repetitive stress placed on the posteroinferior capsule, in 

the area of the posterior inferior glenohumeral ligament (P-IGHL), during the 

deceleration phase of the throwing motion. 
2, 18, 19, 22, 79, 120, 138

 This view, until recently, 

was supported primarily by surgical observations of a thickened posterior capsule and 

post-surgical observations of increased internal rotation after transection of the posterior 

capsule.
19, 79, 138

  

A recent publication by Tuite et al.
120

 has provided a more objective 

substantiation of this claim. They retrospectively examined MRIs of a group of throwers 

who had been diagnosed with GIRD, and a group of throwers who did not have GIRD. 

They found a thickening of the posterior capsule in the area of the P-IGHL for those who 

had been diagnosed with GIRD.
120

  The strength of the evidence from Tuite et al. study is 

limited by the fact that the study’s design was retrospective in nature, and there was no 

standardization of patient positioning. Nonetheless, the Tuite et al. study
24

 has been 
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widely acknowledged as the first objective report of posterior capsular thickening in 

pitchers. 

 While the definitions and causes of GIRD are still being debated in the sports 

medicine literature, the pathologies associated with it are not. The first pathology 

attributed to GIRD is internal impingement. Internal impingement is a condition in which 

the posterior cuff musculature gets pinched between the humeral head and the lip of the 

glenoid, when the arm is in abduction and external rotation, creating a lesion on the 

undersurface of the infraspinatus and teres minor muscles.
19

 This pinching is due to an 

alteration in the internal joint mechanics created by a tight posterior rotator cuff.
2, 19, 42, 47, 

51
  

Cadaver studies by Fitzpatrick et al.,
42

 Grossman et al.,
47

 and Huffman et al.
51

 

found that in a shoulder with a posterior capsular restraint, the center of rotation for the 

humeral head in an abducted and externally rotated position was translated posterior and 

superior on the glenoid. This change in position of the humeral head significantly 

increases the contact between the humerus and the rim of the glenoid, allowing for the 

muscles to get pinched.
2, 19, 42, 47, 51

 This finding, coupled with a significant loss of internal 

rotation and humeral adduction in throwers with internal impingement, creates a strong 

case that GIRD has a significant role in the development of internal impingement.
83, 125, 

130
 

 The second major pathology attributed to GIRD is the type II SLAP lesion.
2, 18, 22, 

138
 Type II SLAP lesions are tears that are along the rim of the glenoid labrum that can be 

classified as anterior, posterior, or a combination of the two.
18, 22

 They are distinctly 
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different from the type I SLAP lesion which is a tear of the labrum at the base of the long 

head of the biceps brachii insertion onto the glenoid fossa. The type II SLAP lesion is 

created by what is called the “peel-back” mechanism.
18, 22

 The peel-back mechanism is 

initiated by a change in the direction of pull by the long head of the biceps tendon when 

the arm is in the abducted position, combined with the posterior-superior translation of 

the humeral head on the glenoid caused by a tight posterior capsule.
2, 18, 22

 This change of 

pull angle in the biceps acts to lever the labrum away from the bone, allowing it to ride 

over the edge of the rim of the glenoid. In this position the posteriorly-superiorly 

translated humeral head, acts to pinch the thinner internal portion of the labrum between 

itself and the rim of the glenoid, causing it to fray and eventually tear.
2, 18, 22

 This tear 

then creates an unstable glenohumeral joint that is no longer able to support the demands 

of throwing. 

 Since the effects of GIRD create issues in the shoulder that can be debilitating for 

the throwing athlete, researchers have continued to look at treatment options to both 

prevent its development and to reduce its magnitude. Conservative treatment of GIRD 

has centered on the use of stretching programs geared to increase internal rotation and 

horizontal abduction ROM. 
19, 56, 71, 99, 134

 These programs typically include stretches such 

as the sleeper stretch, cross body adduction, behind the back towel stretches, and partner 

assisted stretching in internal and external rotation.
56, 71, 134

 The key factor noted in all of 

the research on stretching programs has been the inclusion of scapular stabilization with 

all of the stretches. 
7, 19, 56, 71, 134

 This is due to the fact that both the posterior rotator cuff 

muscles and the posterior capsule have their origin on the scapula and if they are not 
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stabilized the scapula will move with the humerus creating a situation in which the soft 

tissue will not be stretched.
19, 71, 134

  

The development of GIRD has been successfully prevented in overhead athletes 

who routinely stretch in this manner. Some authors have found that internal rotation can 

be gained in excess of the normal total arc of motion with long term consistent stretching 

regimens.
56, 71

 When examining the effects of stretching on the recovery from internal 

rotation loss, several authors have reported that greater than 90% of those pitchers with 

GIRD can be brought back to normal levels of internal rotation ROM with a consistent 

stretching program, although most also include a scapular and rotator cuff strengthening 

in their rehabilitation programs.
7, 19, 134

  

 While a 90% success rate is very good with conservative treatment of GIRD, 

there is still a need to correct the condition in the 10% of pitchers who do not get better 

with nonsurgical treatment. There are currently two surgical approaches to restoring 

normal joint mechanics, both of which are based on the two prevailing theories of the 

causes of GIRD. The first option is a tightening of the anterior glenohumeral joint 

capsule to decrease the need for posterior stabilization and to re-establish the balance of 

forces in the shoulder joint, thereby allowing for the humeral head to return to a normal 

center of rotation.
19

 This can be accomplished with any one of many surgical techniques, 

including, but not limited to a thermal capsulorraphy, open, mini-open, or arthroscopic 

capsular placation. This method has been reported to have low success rates by those who 
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favor the alternative surgical methods, though no studies could be found that specifically 

evaluated internal rotation outcomes following this procedure.
19

  

With the second surgical option we look to the alternate theory of what causes 

GIRD, posterior capsular tightness. The surgeons who follow this way of thinking 

support the idea of posterior capsular release to re-establish a normal range of motion and 

in turn, normal joint mechanics.
2, 19, 79, 118, 129, 138

 Within this realm of surgery there are 

two main arthroscopic procedures, a posterior rim release described by Ticker et al.
118

, 

and the T-cut release described by Yoneda et al.
138

 The most common method described 

by Ticker et al. involves the release of the posterior capsule from the 11 o’clock position 

along the rim of the labrum to the 8 o’clock position, stopping there to avoid 

complications involving the axillary nerve.
19, 79, 118, 129

  

This technique has shown very successful results with Morgan et al.
79

 reporting a 

100% return to prior level of competition in their 11 patients, as well as maintenance of  

an average increase of 16
o
 internal rotation at 2 years post-op. Ticker et al.

118
 found an 

average post-surgical internal rotation ROM increase of 37
o 
and reported positive 

outcomes in all 9 study participants at a 19 month follow-up, though his subjects were not 

competitive overhead athletes.  

The T-cut release technique is similar to the first surgical method described 

herein, but it releases the glenohumeral joint capsule down to the 6 o’clock position on 

the rim of the labrum and includes a transverse cut at the 9 o’clock position, which 

creates a double flap orientation of the posterior capsule allows for an increased amount 
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of slack posteriorly.
138

 While no axillary nerve complications were seen with the 

extended labral rim release, the study by Yoneda et al. only had 11 out of 16 patients 

(69%) who returned to play, and one patient developed an unstable shoulder.
138

 This 

lower level of surgical success could be an indication that the T-cut release procedure 

provides too much posterior freedom in the joint. These results suggest that the posterior 

capsular release shows promise, but all GIRD surgical studies that were included in this 

review strongly recommended conservative treatment prior to considering surgery.
18, 79, 

118, 129, 138
 

 Overall, the current state of research on the subject of GIRD is to say the least, 

tenuous. There are still many clinical questions to be answered and debates to be settled; 

however, it appears as though we are headed in a more unified direction as more 

information is gathered on this topic. We must look to clearly define the parameters of 

GIRD so that we can then examine and determine the causes of GIRD, before we can 

successfully treat and prevent this loss of motion, loss of function, and all too often for 

professional baseball pitchers, loss of livelihood. 
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