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ABSTRACT 

CHRISTIANA LYNNE BLUME 

COMPARISON OF AN ECCENTRIC EXERCISE INTERVENTION TO A 

CONCENTRIC EXERCISE INTERVENTION IN ADULTS WITH  

SUBACROMIAL IMPINGEMENT SYNDROME 

 

MAY 2014 

 

  

 Research has demonstrated moderate evidence for exercise in the treatment of 

subacromial impingement syndrome (SAIS). This evidence has primarily addressed 

traditional concentric-eccentric resistance training with a lack of rationale for selection of 

contraction type, dosage, or progression of resistance. Recent literature has suggested that 

patients with tendinopathies respond well to eccentric training although few studies have 

investigated eccentric training effects on rotator cuff tendinopathy. The primary purpose 

of this study was to compare the effectiveness of an eccentric progressive resistance 

exercise (PRE) intervention to a concentric PRE intervention in adults with SAIS. The 

outcome measures, assessed by examiners blinded to intervention group, included the 

disabilities of the arm, shoulder, and hand (DASH) functional outcome score, pain-free 

shoulder elevation active range of motion (AROM), and pain-free shoulder abduction and 

external rotation strength. A secondary purpose was to determine if five or eight weeks of 

intervention was adequate to achieve significant changes in the shoulder outcome 

measures.  A third purpose was to examine the correlations between the DASH and the 

physical measures of shoulder AROM and strength. The study was a prospective, 
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randomized, clinical trial using a two-way, mixed design, with intervention group as the 

between-subjects factor and time as the within-subjects factor. Four 2x3 mixed-model, 

analyses of variance (ANOVA) with repeated measures were used to analyze the data from 

the outcome measures (α = 0.0125). Pearson correlation coefficients were calculated to 

describe the relationships between the DASH and the AROM and strength measurements. 

There were no significant interactions of treatment group by time for any of the outcome 

measures. Post-hoc analyses revealed a significant main effect of time on all outcome 

measures for all participants. The DASH scores had significant negative correlations with 

scaption AROM at all three time points and with both strength measurements at week 

five. The findings of this study indicate that supervised PRE for scapular and rotator cuff 

muscles performed twice a week for eight weeks may be beneficial in restoring function 

in patients with SAIS. These findings were true for both concentric and eccentric PRE 

programs. 
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CHAPTER I 

INTRODUCTION 

 Shoulder pain is the third most common cause of musculoskeletal consultation in 

primary care (Dinnes, Loveman, McIntyre, & Waugh, 2003). Shoulder disorder 

prevalence has been reported to be between 20% and 51% for annual occurrence in adult 

populations with the lifetime prevalence for the general adult population suggested to be 

about 10% (van der Heijden, 1999). In a systematic review, Luime et al. (2004) analyzed 

18 studies on prevalence and one on incidence of shoulder complaints, and reported a 

range of 4.7 to 46.7% for one year prevalence of shoulder pain complaints and 6.7 to 

66.7% for lifetime prevalence of shoulder complaints. Many studies have demonstrated 

that shoulder disorders become more common in adults as they age, increasing from 7% 

at age 30 to 35 to over 20% in persons 55 years old and older (Allander, 1974; Chard & 

Hazelman, 1987; Chard, Hazelman, Hazelman, King, & Reiss, 1991; Linsell, Dawson, 

Zondervan, Rose, Randall, Fitzpatrick, & Carr, 2006). Shoulder disorders can generate 

costs to the individual in terms of health care dollars for treatment, loss of work 

productivity, and impact on the individual’s quality of life. In the year 2000, the direct 

cost of treating shoulder dysfunction in the United States totaled $7 billion (Meislin, 

Sperling, & Stitik, 2005). 

A survey of Australian chiropractors reported that 12% of their weekly patient 

population was treated for shoulder disorders with 66% of those patients presenting with 
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a diagnosis of rotator cuff tendinopathy and impingement (Pribicevic, Pollard, & Bonello, 

2009). Subacromial impingement syndrome (SAIS) was found to be the most common 

shoulder complaint in a study of 11 Dutch general practices over the course of a year with 

29% of the SAIS complaints being diagnosed as rotator cuff tendonitis (van der Windt, 

Koes, De Jong, & Bouter, 1995). SAIS is defined as the impingement of the 

supraspinatus tendon under the anterior third of the acromion and the coracoacromial 

ligament (Neer, 1972). SAIS can be a result of primary or secondary causes. Primary 

impingement is defined as damage to the tendon either from intrinsic causes of tendon 

degeneration or from extrinsic causes, such as changes in the bony architecture of the 

acromion or the formation of osteophytes (Bigliani, Ticker, Flatow, Soslowsky, & Mow, 

1991; Kamkar, Irrgang, & Whitney, 1993; Neer, 1983). Recent anatomical studies of the 

supraspinatus muscle have suggested that a difference in tension between the two tendons 

of the muscle results in shear stress, intrinsic degeneration, and tears on the articular side 

of the anterior tendon (Kim, et al., 2010; Kim, et al., 2007). This finding conflicts with 

Neer’s theory of external causation of damage from the acromion on the bursal side of 

the tendon (Lewis, 2009). Secondary impingement is defined as damage to the rotator 

cuff tendons that is secondary to another problem such as glenohumeral joint instability 

or muscle imbalances at the shoulder girdle. Glenohumeral instability is often the result 

of rotator cuff weakness and the resultant overload of the passive restraints, causing 

glenohumeral joint laxity (Kamkar, et al., 1993). The muscle weakness and joint laxity 
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can result in a relative decrease in the subacromial space and impingement of the 

subacromial contents.  

Regardless of the underlying cause of the impingement, the result is damage to 

rotator cuff tendons in the form of soft tissue injury. Histological changes in the rotator 

cuff include sarcopenia (loss of skeletal muscle mass), decreased proportion of type II to 

type I muscle fibers, altered muscle metabolism, fatty infiltration, change in vascularity, 

and increased type III collagen fibers (Lewis, 2009; Lohr & Uhthoff, 1990; Riley, et al., 

1994; Rudzki, et al., 2008). These changes in the rotator cuff tendons can weaken the 

musculotendinous structure, predisposing it to chronic tendinopathy and eventual rupture 

(Riley, et al., 1994). It is important that interventions address the tissue healing needs of 

the injured shoulder. 

Physical therapists employ a variety of treatment interventions in their treatment 

of SAIS. There is a substantial amount of research regarding the effectiveness of these 

interventions. Green, Buchbinder, and Hetrick (2003) conducted a systematic review of 

physical therapy interventions of the shoulder and concluded that there was some 

evidence to support the use of exercise alone and exercise with mobilization in rotator 

cuff pathology or mixed shoulder disorders.
 
The authors indicated that many of the 

studies included in their review used a sample of heterogeneous shoulder pathologies that 

were not well defined. These conclusions were restated in a more recent systematic 

review with the exception that authors did not find evidence that manual therapy added 

any benefit above exercise alone in the treatment of rotator cuff tendinopathy 
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(Littlewood, May, & Walters, 2013). Several recent systematic reviews have focused 

specifically on SAIS (Kelly, Wrightson, & Meads, 2010; Kromer, Tautenhahn, de Bie, 

Staal, & Bastiaenen, 2009; Kuhn, 2009; Michener, Walsworth, & Burnet, 2004; Trampas 

& Kitsios, 2006). The authors of these systematic reviews agree that there is moderate 

evidence for exercise alone for the improvement of function and reduction of pain in 

patients with SAIS. While the literature supports the use of exercise in the treatment of 

SAIS, research studies of interventions for persons with SAIS have used a wide variety of 

exercise programs. The largest portion of the literature involves isotonic exercise 

programs using concentric and eccentric contractions with elastic bands, machine 

weights, and free weights (Bang & Deyle, 2000; Baskurt, Baskurt, Gelecek, & Özkan, 

2011; Conroy & Hayes, 1998; Lombardi, Magri, Fleury, Da Silva, & Natour, 2008; 

Ludewig & Borstad, 2003; Senbursa, Baltaci & Atay, 2007). These studies compared 

their exercise programs to other treatment modalities such as injections, surgery, and 

manual therapy or have compared supervised versus home exercises programs, but none 

compared types of resistive exercises to determine which is most effective in the 

treatment of SAIS. 

Exercise intervention for the treatment of SAIS targets the rotator cuff and 

scapular muscles, particularly the supraspinatus muscle. Resistance training has been 

shown to effect muscle size, vascularity, fascicle length, pennation angle, and tendon 

compliance of the rotator cuff muscles (Folland & Williams, 2007; Guilhem, Cornu, & 

Guevel, 2010; Nakamura, Kitaoka, & Tomita, 2008; Narici, Reeves, Morse, & 
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Maganaris, 2004; Reeves, Maganaris, Longo, & Narici, 2009). One of the parameters of 

resistance training that has differing effects on the target muscle is the contraction type: 

concentric, eccentric, and isometric.  Traditional or standard exercise interventions have 

included isotonic concentric-eccentric resistive exercises using weights or elastic bands, 

but with the advancement of technology, isokinetic exercise equipment has allowed 

researchers to compare the effects of each contraction type (Bast, Vangsness, Takemura, 

Folkins, & Landel, 1998; Camargo, Avila, Alburqueque-Sendin, Asso, Hashimoto, & 

Salvini, 2012; Ivey, Calhoun, Rusche, & Bierschenk, 1985; Mullaney & McHugh, 2006). 

While both contraction types have been found to improve muscle force production as 

measured by strength and cross-sectional area, eccentric training has been suggested to 

create greater muscle hypertrophy, peak force, and peak torque in rotator cuff muscles in 

individuals without pathology (Bast, et al., 1998; Guilhem, et al., 2010; Higbie, Cureton, 

Warren, & Prior, 1996; Hortobágyi, et al., 1996; Housh, Housh, Johnson, & Chu, 1992). 

The literature also indicates that eccentric exercise preferentially recruits higher threshold 

fast-twitch motor units, requires greater loading per motor unit than concentric exercise, 

stimulates mechanoreceptors in tendons for improved collagen formation and strength, 

and stimulates the inflammatory process by releasing neuropeptides needed for tendon 

healing (Guilhem, et al., 2010; Jeffery, Cronin, & Bressel, 2005; Langberg, et al., 2007).  

Reeves et al. (2009) found that eccentric contraction exercises of the vastus lateralis 

muscle during knee extension created greater muscle fascicle length, similar muscle 

hypertrophy, and less change in pennation angle than concentric contraction exercises. 
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These findings indicate that eccentric biased training may have a greater effect on pain 

reduction and tendon healing when compared to the traditional concentric-eccentric 

resistive exercise training.  

Several systematic reviews have indicated some evidence for the success of 

eccentric exercises in the treatment of tendinopathies of the Achilles, patellar, and wrist 

extensor tendons (Andres & Murrell, 2008; Kingma, de Knikker, Wittink, & Takken, 

2007; Lorenzen, Krämer, Vogt, & Knobloch, 2010; Malliaras, Maffulli, & Garau, 2008; 

Woodley, Newsham-West, & Baxter, 2007). The evidence from the reviews indicates 

that eccentric exercises decrease pain in the treated tendinopathies in the majority of the 

studies.  In addition, a study comparing concentric and eccentric decline-board squats in 

persons with jumper’s knee stopped recruiting participants into the concentric group 

because of increased pain causing participants in that group to drop out, while the 

eccentric group demonstrated decreased pain and improved function (Jonsson & 

Alfredson, 2005. Furthermore, three case series have investigated the effects of eccentric 

exercise in persons with SAIS. Two of the case series found significant decreases in pain 

(range of 1 to 62 mm) on the visual analog scale (VAS) and improvement in function (15 

to 25 point mean increase) on the Constant score after 12 weeks of intervention 

(Bernhardsson, Klintberg, & Wendt, 2011; Jonsson, Wahlström, Ohberg, & Alfredson, 

2006). In the third case series, 20 individuals with SAIS underwent isokinetic eccentric 

abduction exercises twice a week for six weeks (Camargo, et al., 2012). At the 

completion of the exercise intervention, all participants had significant improvements of 
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DASH scores, peak torque, total work, and acceleration time. The small sample sizes as 

well as a lack of control group in these case series do not allow generalization of the 

results. However, the results suggest that eccentric exercise may be beneficial in the 

treatment of rotator cuff tendinopathy.  

Research has demonstrated that responses to resistance exercise in muscles and 

tendons vary based on training dosage parameters such as muscular contraction type, 

load, movement velocity, and rest period (Cormie, McGuigan, & Newton, 2011; 

Ratamess, et al., 2009). As a result of these research findings, the American College of 

Sports Medicine (ACSM) published and updated a position stand entitled “Progression 

Models for Resistance Training in Healthy Adults” which presents evidence for 

recommending exercise dosage and progression for healthy individuals without 

pathology (Ratamess, et al., 2009). The ACSM publication makes exercise 

recommendations for individuals of different age groups and exercise experience as well 

as for specific physiologic training goals, such as improvement of muscular strength, 

power, or endurance (Ratamess, et al., 2009). However, description of exercise dosage, 

progression, and rationale for the selection of these parameters is lacking in the research 

literature of exercise interventions for shoulder disorders, SAIS in particular.  

Although studies have found resistance exercise to be effective in the treatment of 

SAIS, no studies have investigated specific parameters of resistance training and exercise 

progression for the SAIS patient population. To date, only one randomized control trial 

(RCT) by Lombardi et al. (2008) investigated the use of progressive resistance exercise 
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(PRE) training in patients with SAIS (Cardoso, Trajano Jorge, Jones, Lombardi Junior, & 

Natour, 2009; Lombardi, et al., 2008).  Lombardi et al. (2008) found that participants in a 

PRE group had decreased pain, improved function, and improved quality of life as 

compared to participants in a control group who were on a wait list and did not exercise. 

The PRE group used pulley exercise equipment at 50-70% of the participants’ 6 

repetition maximum (RM) during their program and performed both concentric and 

eccentric motions for eight weeks. The progression of resistance occurred every two 

weeks after a repeated 6RM test was performed. The results showed that isokinetic peak 

torque and total work increased for all shoulder movements in the PRE group, but the 

increase was not significantly different when compared to the control group. However, 

improvements in the outcomes were not seen for the control group. The authors felt that 

the short study duration (8 weeks) might explain the lack of significant difference in 

strength between the groups.  Another study using the Norwegian medical exercise 

therapy (MET) in persons with SAIS found that participants performing a “high density” 

exercise program (three sets of 30 repetitions) had greater reduction in pain and higher 

functional scores than those who performed a “low density” exercise program (two sets 

of 10 repetitions) after 12 weeks of intervention and at the six- and 12-month post-

intervention follow-ups (Østerås, Torstensen, & Østerås, 2010). Resistance and range of 

motion (ROM) used for the exercises in the study were chosen and progressed based on 

each patient’s ability to complete the recommended repetitions (Torstensen, 1999). 

However, the high density group performed 11 exercises compared to eight in the low 
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density group. The difference in the number of exercises could bias the findings of this 

study. It is clear that there is a need for additional research regarding specific resistance 

selection and progression in exercise interventions for the treatment of SAIS. 

Statement of Problem 

Although studies have shown decreased pain and improved function with the use 

of eccentric exercise in the treatment of other tendinopathies, only one RCT and three 

case series have investigated the effect of eccentric training in persons with SAIS 

(Bernhardsson, et al., 2011; Camargo, et al., 2012; Croisier, Foidart-Dessalle, Tinant, 

Crielaard, & Forthomme, 2007; Jonsson, et al., 2006; Jonsson & Alfredson, 2005; 

Maenhout, Mahieu, De Muynck, De Wilde, & Cools, 2013; Mafi, Lorentzon, & 

Alfredson, 2001). Because eccentric exercise has demonstrated greater gains in muscle 

hypertrophy and strength than concentric exercise in asymptomatic persons and is 

thought to improve the histological healing process, collagen formation, and thus strength 

of injured tendons better than concentric exercise, it is important to determine if eccentric 

exercise provides better outcomes for persons with SAIS (Bast, et al., 1998, Guilhem, et 

al., 2010; Reeves, et al., 2009). Studies of the use of eccentric exercises in the treatment 

of tendinopathy have been criticized for lack of blinding and randomization, use of 

invalid outcome measures, and lack of a sound criteria for exercise dosage and exercise 

progression (Jeffery, et al., 2005; Kingma, et al., 2007; Lorenzen, et al., 2010; Malliaras, 

et al., 2008; Woodley, et al., 2007). The case series investigating eccentric exercise in 

persons with SAIS did not use validated methods for resistance selection or exercise 
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progression (Bernhardsson, et al., 2011; Jonsson, et al., 2006).  Therefore, research is 

needed to investigate the effectiveness of concentric exercise interventions versus 

eccentric exercise interventions in adults with SAIS using specific criteria for progressive 

resistance training programs and using valid, reliable, outcome measures. The results of 

this research may shed some light on possible differing effects of concentric and 

eccentric interventions on rotator cuff tendinopathy and the response of the scapular and 

rotator cuff muscles to a structured PRE intervention. 

Purpose of Study 

 The primary purpose of this study was to compare the effectiveness of an 

eccentric PRE intervention to a concentric PRE intervention over eight weeks on 

shoulder outcome measures in adults who have SAIS. The outcome measures included 

upper extremity function, pain-free shoulder scapular elevation active ROM (AROM), 

and pain-free shoulder strength. A secondary purpose of the study was to determine if 

five or eight weeks of intervention was adequate to achieve significant changes in the 

shoulder outcome measures.  A third purpose of the study was to examine correlations 

between the participants’ self-reported measure of function and the physical measures of 

shoulder AROM and strength. 

Research Questions 

 This study attempted to answer the following research questions: 

1. Would there be significant differences in upper extremity function, pain-free 

shoulder scaption AROM, and pain-free shoulder strength in adults with SAIS 
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who performed eccentric exercise versus those who performed concentric 

exercise after five and eight weeks of PRE intervention? 

2. Would there be significant differences in upper extremity function, pain-free 

shoulder scaption AROM, and pain-free shoulder strength between three 

assessments over eight weeks of PRE intervention in adults with SAIS? 

3. Would there be a significant correlation between the self-reported measure of 

shoulder function and the measurements of shoulder AROM and shoulder 

strength? 

Research Hypotheses 

1. Adults with SAIS who completed the eccentric PRE intervention would 

demonstrate significantly greater improvements in upper extremity function, 

pain-free shoulder scaption AROM, and pain-free shoulder strength than those 

in the concentric PRE intervention group after five and eight weeks of 

intervention. 

2. Adults with SAIS who performed PRE interventions would demonstrate 

significant improvement in upper extremity function, pain-free shoulder 

scaption AROM, and pain-free shoulder strength after both five and eight 

weeks of intervention. 

3. There would be significant negative correlations between the self-reported 

measure of shoulder function and the measurements of shoulder AROM and 

shoulder strength. 
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Operational Definitions 

Shoulder function in this study was assessed using the Disabilities of the Arm, 

Hand, and Shoulder (DASH) self-report questionnaire. 

Pain level in this study was determined using the Numeric Pain Rating Scale 

(NPRS). 

Pain-free active range of motion was the amount of voluntary, unassisted joint 

motion that the participant could achieve without experiencing pain at the shoulder joint.  

Scapular plane was defined as the plane of the scapula, 30° anterior to the coronal 

plane of the body. 

Scaption was defined as arm elevation in the plane of the scapula. 

Pain-free strength was determined to be the maximum force exerted by the 

participant without eliciting pain in the shoulder.  

Progressive resistance exercises for strength involved medium to high training 

loads (70-80%) based on percentage of predicted one RM lift for the exercises performed 

at moderate to slow velocity such as two to four seconds each for the concentric and 

eccentric phases of the lift. 

One repetition maximum (1RM) is the amount of resistance that an individual can 

lift one time. 

Eccentric resistive exercises involved muscle lengthening action in response to a 

resistance and were used to lower a load against gravity. 
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Concentric resistive exercises involved muscle shortening action in response to a 

resistance and were used to lift a load against gravity. 

“make” test procedure for muscle testing described by Bohannon (1988) which 

involved participants gradually building up maximal muscle tension over one to two 

seconds against examiner or dynamometer and maintaining the tension for four to five 

more seconds, thus “making” or meeting the examiner’s force. 

Assumptions 

For the purposes of this study the following assumptions were made: 

1. Participants were truthful in their responses to the medical history and intake 

forms, DASH questionnaire, and when giving their pain level. 

2. Participants with SAIS were representative of adults with this diagnosis. 

3. Participants gave their best efforts during exercise sessions and assessment 

activities. 

Limitations 

Potential limitations of this study were: 

1. The population for this study included participants with shoulder impingement 

or rotator cuff tendinitis. Results should therefore not be generalized to other 

shoulder pathologies. 

2. The population of this study included participants age 18 and older and should 

therefore not be generalized to other age groups. 
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Significance of Study 

 Research has suggested that there is moderate evidence for the use of exercise in 

the treatment of SAIS. This evidence has primarily addressed traditional concentric-

eccentric resistance training with lack of rationale for selection of contraction type, 

dosage, or progression of resistance in the majority of the studies. Research in exercise 

physiology and rehabilitation has suggested that patients with tendinopathies respond 

well to eccentric training (Croisier, et al., 2007; Jonsson & Alfredson, 2005; Mafi, et al., 

2001). Few studies have investigated eccentric training effects on rotator cuff 

tendinopathy, but these studies did not compare their training to other types of training 

(Bernhardsson, et al., 2011; Jonsson, et al., 2006). If it can be demonstrated that eccentric 

PRE provides significant improvement in shoulder outcomes earlier in the intervention 

than concentric PRE, physical therapists can employ this method early in their treatment 

of persons with SAIS to decrease pain and increase function before instructing them in 

home-based exercises. The eccentric intervention in this study required the hands-on skill 

of a physical therapist. Early achievement of outcomes will reduce the duration of skilled 

treatment required, thus reducing the overall cost of treatment.  The evidence that 

eccentric training may improve tendon healing and strength suggests that this type of 

training may have more lasting effects on the structure of the tendon and perhaps 

decrease the likelihood of future episodes of shoulder tendinopathy as well as partial or 

full rupture of rotator cuff tendons (Bast, et al., 1998, Guilhem, et al., 2010; Reeves, et 

al., 2009). The overarching goal of physical therapy interventions is to improve and 



15 
 

maintain the function of our patients throughout the lifespan. Shoulder function is crucial 

for the performance of basic self-care, feeding, household, work, and leisure activities 

throughout life and often mobility and locomotion in older adults. Because the evidence 

indicates that adults are at greater risk for shoulder impingement and rotator cuff 

pathology as they age, it is important that we develop treatment interventions that are 

efficient and effective for our growing population of older adults in order to help them 

age successfully and remain independent. This study investigated the effectiveness of two 

different types of PRE interventions, eccentric and concentric, on shoulder outcome 

measures for upper extremity function, shoulder AROM, and shoulder strength in adults 

with SAIS. The study used a structured approach to systematically determine the 

resistance used for the exercise interventions and to determine how the exercises were 

progressed. The findings may shed light on the design of exercise interventions for adult 

patients with SAIS. 
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CHAPTER II 

REVIEW OF LITERATURE  

 The primary purpose of this study was to compare the effectiveness of an 

eccentric PRE intervention to a concentric PRE intervention over eight weeks on 

shoulder outcome measures in adults who have SAIS. The outcome measures included 

upper extremity function, pain-free shoulder scapular elevation active ROM (AROM), 

and pain-free shoulder strength. A secondary purpose of the study was to determine if 

five or eight weeks of intervention was adequate to achieve significant changes in the 

shoulder outcome measures.  A third purpose of the study was to examine correlations 

between the participants’ self-reported measure of function and the physical measures of 

shoulder AROM and strength. 

 This chapter summarizes the literature relating to the incidence and prevalence of 

SAIS in the general population as well as the impact of shoulder dysfunction on the 

individual and society in terms of quality of life and health care costs. Current evidence 

regarding the prognosis of subacromial impingement and rotator cuff pathology are 

presented. Theories describing the etiology, underlying pathomechanics, and histology of 

the supraspinatus muscle and tendon in this dysfunction are discussed. Research evidence 

for the effect of different medical and rehabilitative treatment interventions used for 

subacromial impingement syndrome (SAIS) is provided. Evidence-based methods for the 

appropriate exercise interventions, exercise testing, and progression of exercise are 
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reviewed.  Lastly, research discussing the reliability and validity of the outcome measures 

used in this study is examined. 

Prevalence of Shoulder Dysfunction 

The prevalence of shoulder disorders have been reported to be between 20% and 

51% for annual occurrence in adult populations with the lifetime prevalence being around 

10% (van der Heijden, 1999). Persons presenting with shoulder disorders are thought to 

be the third largest group with musculoskeletal complaints behind those with low back 

and neck disorders (Dinnes, et al., 2003; van der Heijden, 1999). In the United States, 

95% of persons with shoulder disorders are treated in the primary care arena and shoulder 

disorders account for 10% of all physical therapy referrals in Britain and the Netherlands 

(van der Heijden, 1999).  In addition, a Canadian survey study of primary care 

physicians’ management of musculoskeletal problems found that 78.8% of the physicians 

refer patients to physical therapy for non-traumatic shoulder disorders (Glazier, et al., 

1998).  

Studies have demonstrated that shoulder disorders become more common in 

adults as they age. Tekavec et al. (2012) found that the peak age of shoulder pain 

consultation in their sample was 50 to 59 years of age in women and 60 to 60 years of 

age in men.  A Dutch study of the 10-year incidence and prevalence of shoulder 

complaints in general medical practice from 1998 to 2007 also found a higher prevalence 

of shoulder complaints in persons 45 to 64 years old (Greving, et al., 2012). The 

prevalence of shoulder disorders in an earlier study from Sweden showed an increased 
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prevalence with advanced age from 7% in persons aged 30 to 35 years to 25% for those 

aged 56 to 60 years old (Allander, 1974). Similarly, several British studies reported the 

prevalence of shoulder disorders in persons over age 70 to be 21% (Chard & Hazelman, 

1987; Chard, et al., 1991). Lastly, Linsell et al. (2006) found an increased prevalence rate 

for persons consulting their general practitioner for a shoulder problem from 0.95% in 

subjects 18 to 29 years old to 3.99% in subjects over 80 years of age. Given the high 

prevalence of shoulder disorders that appears to increase with advanced age and the 

progressive increase in the aged population over the next twenty years, it is anticipated 

that physical therapists will treat a larger number of shoulder patients in their practices in 

the future. 

Cost of Shoulder Dysfunction 

Shoulder disorders generate financial costs such as health care expenditures and 

lost wages as well as psychological cost in terms of quality of life.  Some of these costs 

are also felt by employers and society. In the year 2000, the direct cost of treating 

shoulder dysfunction in the United States totaled $7 billion (Meislin, et al., 2005). A 

study in the Netherlands asked persons consulting primary care physicians for shoulder 

pain to keep cost diaries for 6 months. Of the participants, 84% of them completed the 

diaries. The study showed that for their cohort, 47% of the cost of care was indirect in the 

form of sick leave from a paid job. Thirty-seven percent of the direct health care costs 

went for treatment by therapists including physiotherapists. The study found that the first 

six weeks after physician consultation resulted in the highest costs. Patients in the study 
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reporting recovery after six months had only about half the cost of care as those with 

symptoms persisting beyond the six months. A small subset (12%) of the subjects 

accounted for 74% of the costs in the study (Kuijpers, van Tulder, van der Heijden, 

Bouter, & van der Windt, 2006). Studies have shown that 41- 50% of shoulder patients 

do not recover after one year (Kuijpers, van der Windt, van der Heijden, & Bouter, 2004; 

van der Windt, et al., 1996). Consistent with those findings, 70% of the shoulder patients 

in the Kuijpers et al. (2006) study had symptoms after six weeks with 46% still having 

symptoms after 6 months. A Swedish study of the cost of shoulder pain in primary care in 

2009 found that the mean annual cost was 4,139 Euros per patient with 84% of that being 

from sick leave and that one-fifth of the sample required treatment beyond 6 months 

accounting for 91% of the total cost and 44% of the health care costs (Virta, Joranger, 

Brox, & Eriksson, 2012). Physical therapy treatment accounted for 60% of the health care 

cost in the Swedish shoulder pain study (Virta, et al., 2012). The majority of the 

epidemiological studies indicated that patients sought medical attention for their shoulder 

complaints only once (Greving, et al., 2012; Linsell et al., 2006; Tekavec et al., 2012).  

Cost effectiveness studies in the last 20 years have found that conservative care including 

corticosteroid injections and/or physical therapy is more cost effective than surgical 

intervention for SAIS (Brox, Staff, Ljunggren, & Brevik, 1993; Geraets, et al., 2006; 

Haahr & Andersen, 2006, Ketola, et al., 2013). There is some debate regarding the cost 

effectiveness of physical therapy exercise combined with steroid injections versus 

physical therapy exercise alone. Both sides of the argument acknowledge that the direct 
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health care costs are higher when therapy is added to injections but disagree about the 

impact on indirect costs such as sick leave and time off work (James, Stokes, Thomas, 

Dziedzic, & Hay, 2005; Jowett, et al., 2013). The literature to date suggests that chronic 

shoulder pain significantly increases health care costs, loss of function, and loss of 

productivity and that conservative care such as physical therapy is a cost-effective 

alternative to surgical intervention in the treatment of shoulder pain patients. 

Impact on Quality of Life 

Several recent studies have found that the quality of life and functional abilities of 

individuals with subacromial impingement syndrome are significantly different from the 

general population without shoulder pathology. MacDermid, Ramos, Drosdowech, Faber, 

and Patterson (2004) found that individuals with chronic rotator cuff tendinopathy had 

weaker shoulder internal and external rotation strength on isokinetic testing as well as 

greater functional limitations of the shoulder as measured by the shoulder pain and 

disability index (SPADI) and general quality of life assessed by the SF-36 when 

compared to a convenience sample without shoulder pathology. Erol, Özçakar, and 

Ҫeliker (2008) had findings similar to the MacDermid et al. (2004) study in that there 

was a moderate, negative correlation between isokinetic rotator cuff strength and the pain 

scale of the SPADI. However, unlike the MacDermid (2004) study, they found no 

difference in peak torque for shoulder internal and external rotation, SPADI disability 

score, or quality of life (Nottingham Health Profile) between patients with stage I and II 

shoulder impingement syndrome and normal controls. The lack of difference was thought 
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to be due to the early stage of impingement in the participants of the Erol et al. (2008) 

study. Östör, Richards, Prevost, Speed, and Hazleman (2005) completed a 12-month 

study of 131 patients with shoulder complaints at two primary care clinics. Rotator cuff 

tendinopathy was diagnosed in 85% of these patients and impingement syndrome signs 

were present in 74% of them. The mean SPADI disability subscale score was 45 out of a 

possible 100 and the mean pain subscale was 58 out of 100 for this study with 100 

indicating maximal pain or disability. General health status was assessed in this study 

using the SF-36. There was a significant difference in six of the eight domains of the SF-

36 between persons with shoulder pain in this study and the population norms established 

in a health survey in England in 1996. Differences were especially marked in the domains 

of emotional role, physical function and physical role. Chipchase, O’Connor, Costi, and 

Krishnan (2000) found that 81 patients with chronic shoulder impingement syndrome 

scored significantly lower on all health dimensions of the SF-36 than Australian 

normative data and that they had significant functional limitations as determined by the 

Simple Shoulder Test (SST). The SST is a 12 item functional self-assessment that asks 

the respondent to answer yes or no regarding their ability to perform daily activities such 

as tuck in a shirt or throw a ball.  Similarly, another Australian longitudinal study found 

that persons with shoulder pain scored lower on all domains of the SF-36 and that women 

and older people had worse shoulder function than men and younger people in their 

sample population (Hill, Gill, Shanahan, & Taylor, 2010). 
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Studies of physical therapy interventions that have quantified the quality of life 

pre- and post-intervention have demonstrated that physical therapy interventions result in 

improved the quality of life of patients with SAIS (Başkurt, Başkurt, Gelecek & Öskan, 

2011; Bennell et al., 2010; Lewis, 2012; Lombardi, et al., 2008). The literature indicates 

that SAIS has a significant impact on quality of life of those who are diagnosed with this 

condition compared to persons without shoulder pain. Physical therapy interventions 

have been shown to positively impact the quality of life in persons with SAIS.   

Prognosis for Persons with Subacromial Impingement Syndrome 

Even with treatment many persons with shoulder pathology continue to have 

symptoms and limitations one year later (van der Windt, et al., 1996). Researchers have 

identified predictors for improved outcomes with physical therapy treatment, including 

shoulder surgery, higher pain intensity, shorter duration of symptoms, younger age, and 

poorer general health as demonstrated by the SF-36 (Kennedy, et al., 2006; Reilingh, 

Kuijpers, Tanja-Harfterkamp, & van der Windt, 2008). Older age, female gender, longer 

duration of symptoms, structural pathology in the subacromial space such as type II or III 

acromion, higher initial disability, continued work activity limitation, and workers 

compensation claim status best predicted continued disability post treatment  (Kennedy, 

et al., 2006; Mintken, et al., 2010; Taheriazam, Sadatsafavi, & Moayyeri, 2005). 

Prognostic studies disagree about the effect of age as a predictor of a positive outcome in 

patients with shoulder disorders. Three studies found that older age was a predictor of 

higher levels of disability and lower levels of improvement following shoulder 
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interventions (Kennedy, et al., 2006; van der Windt et al., 1996; Zengh, Simpson, van der 

Windt, & Elliot, 2005).  Conversely, Bartolozzi, Andrecychik, and Ahmad (1994) and 

Taheriazam et al. (2005) did not find that age was a significant predictor of outcome in 

shoulder treatment. The literature provides support for potential success with treatment of 

shoulder pathology in the early acute stages. 

Definition and Causes of Subacromial Impingement Syndrome 

Charles Neer first described impingement syndrome in 1972 as the impingement 

of the supraspinatus tendon under the anterior third of the acromion and the 

coracoacromial ligament (Neer, 1972). He believed that 95% of rotator cuff tears were 

caused by impingement and described three types of impingement lesions. These 

supraspinatus lesions  were progressive with stage one being edema and hemorrhage in 

persons younger than 25, stage two with fibrosis and tendinitis in ages 25 to 40, and stage 

three with bone spurs and supraspinatus tendon rupture most common over age 40. Neer 

(1983) felt that the first two stages would do well with conservative treatment but that 

stage three often required an anterior acromioplasty with rotator cuff repair. The Neer 

classification system for shoulder impingement continues to be used today with slight 

modification due to the improved arthroscopic and imaging techniques for soft tissue 

available today. The modification divides stage II into IIa and IIb with IIa involving 

inflammation but no rotator cuff tear, and IIb involving partial tears of the rotator cuff 

(McFarland, Selhi, & Keyurapan, 2006).  
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The structure that is most often injured in SAIS is the supraspinatus tendon 

although the biceps tendon can also be irritated. Impingement can be classified as 

primary or secondary and can be caused by intrinsic or extrinsic factors.  Primary 

impingement involves tendon damage from mechanical compression under the acromion, 

coracoacromial ligament, hypertrophied bursa, or osteophytes (Bigliani, et al., 1991; 

Kamkar, et al., 1993; Neer, 1972; Neer, 1983, Seitz, McClure, Finucane, Boardman, & 

Michener, 2011). Primary impingement can be caused by intrinsic factors that result in 

degenerative changes within the tendon or extrinsic factors such as posterior capsular 

tightness and anterior translation of the humeral head (Kamkar, et al., 1993; Lewis, 2009, 

Michener, McClure, & Karduna, 2003; Seitz, et al., 2011). Secondary impingement is 

defined as tendon damage that results from the relative decrease in subacromial space due 

to muscle imbalance, scapular dyskinesia, and postural abnormality (Kamkar, et al., 

1993; Lewis, Green, & Wright, 2005; Ludewig & Reynolds, 2009; McClure, Michener, 

& Karduna, 2006; Seitz, et al., 2011). Research literature to date indicates that SAIS or 

rotator cuff tendinopathy is most often associated with repetitive motion, significant force 

application, and awkward work position occupations and activities (Frost & Andersen, 

1999; Svendsen, Bonde, Mathiassen, Stengaard-Pedersen, & Frich, 2004; van der Windt 

et al., 2000; van Rijn, Huisstede, Koes, & Burdorf, 2010). There are four theories 

currently used to explain the underlying causes of secondary subacromial impingement; 

(1) anterior capsular laxity, (2) posterior capsular tightness, (3) bony architecture changes 

of the humeral head that result in retroversion, and (4) scapular muscle imbalance or 
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dyskinesia (Borsa, Laudner, & Sauers, 2008; Michener, et al., 2003). Anatomical 

architecture research has shown that the supraspinatus muscle has two distinct muscle 

bellies and tendons that come together under the acromion. The anterior muscle belly has 

a bipennate pattern and a cord-like tendon, while the posterior muscle belly has a more 

parallel pennate pattern and a thin, flat tendon (Roh, et al., 2000; Kim, et al., 2007). 

These morphological differences in the two portions of the supraspinatus muscle are 

thought to result in internal shearing of the tendons with more stress often occurring on 

the articular side of the anterior tendon (Kim, et al., 2010; Lewis, 2009). Therefore, this 

internal shearing has been hypothesized as a cause of supraspinatus tendon damage and 

disruption. Tendinopathy results in morphological and histological changes of the 

musculotendinous unit of supraspinatus and other rotator cuff muscles (Lewis, 2009). 

Histological changes have been reported in tendinopathies that include the 

disorganization and rounding of the collagen fibers, increase in proteoglycans, tenocytes, 

fibroblasts and myofibroblasts, and an increase in vascularity or neovascularization of the 

tendon (Khan, Cook, Bonar, Harcourt, & Astrom, 1999, Lewis, 2009, Soslowsky, et al., 

2000). Normal tendons have primarily type I collagen but damaged tendons have been 

found to have an increase in type II, and type III collagen which is thought to weaken the 

tendon and predispose it to tendinopathy and eventual rupture (Riley, et al., 1994, Dean, 

Franklin, & Carr, 2012).  Evidence also shows that the supraspinatus tendon has more 

fibrocartilage than other tendons in the upper body because of compressive forces 

required for its function (Lewis, 2009). Fibrocartilagenous tendons are thought to be 
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more susceptible to degeneration and tearing (Lewis, 2009; Rees, Maffulli, & Cook, 

2009). A recent systematic review of the histological research literature in relation to 

rotator cuff disease highlights the known histological changes and supports the “failure to 

heal” concept of chronic rotator cuff tendinopathy (Dean, et al., 2012). 

 Vascular changes in the injured supraspinatus have been reported but are the 

subject of considerable debate regarding whether these changes are helpful or harmful in 

the healing process. Lohr and Uhthoff (1990) demonstrated an area of hypovascularity of 

the supraspinatus tendon close to its insertion on the humeral head which was more 

pronounced on the articular side than the bursal side. Several other studies suggest that 

the blood flow in the supraspinatus tendon is dependent on shoulder joint position as well 

as the location, size, and chronicity of a tendon tear (Biberthaler, et al., 2003; Fukuda, 

Hamada, & Yamanaka, 1990; Matthews, Hand, Rees, Athanasou, & Carr, 2006; Rathbun 

& Mcnab, 1970).  The findings indicate that larger, degenerative tears have less 

vascularity and are less likely to heal whereas smaller, more acute, tears demonstrate 

some increase in vascularization and better ability to heal (Lewis, 2009; Hegedus, et al., 

2010). There is also debate regarding the presence of an inflammatory response in rotator 

cuff tendon pathology similar to what has been debated in wrist extensor, patellar tendon, 

and Achilles tendinopathies with much of the research now indicating a lack of 

inflammatory response in tendinopathy (Alfredson, 2005; Kahn et al., 1999, Dean, et al., 

2012; Kraushaar & Nirschl, 1999; Millar, Wei, Molloy, Bonar, & Murrell, 2009; Millar, 

et al., 2010). Abate et al. (2009) suggest that the process from inflammation to 
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degeneration is a continuum, with the inflammation occurring early in the tendon injury 

response, usually before the onset of pain, with pain onset signaling the beginning of the 

degenerative process and decline in inflammation. Neovascularization, the presence of 

substance P and other neuropeptides are hypothesized to be the causes of pain onset in 

tendon injury (Abate, et al., 2009, Dean, et al., 2012; Rees, et al., 2009; Fredberg & 

Stengaard-Pedersen, 2008). In conflict with the theory of neovascularization being a 

cause of rotator cuff tendinopathy and pain, a Doppler ultrasound study comparing 

images of supraspinatus tendons and subacromial bursae found no vascular differences 

between images taken from symptomatic and asymptomatic shoulders (Kardouni, Seitz, 

Walsworth, & Michener, 2013). Most recently several researchers question whether 

mechanical impingement actually occurs and they propose that the condition of anterior 

shoulder pain be called “rotator cuff disease” with the term “impingement” abolished 

(McFarland, et al., 2013). These authors feel that the causes of rotator cuff tendon 

damage are likely more intrinsic and given the finding that the largest number of free 

nerve endings in the shoulder lie in the bursa, biceps tendon, and joint capsule, with very 

few being found in the rotator cuff tendons themselves, the pain occurring in the shoulder 

is most likely from those structures (McFarland, et al., 2013). These authors also point to 

recent research findings that dispute the role of acromial morphology as a cause of rotator 

cuff damage and the “disconnect” between rotator cuff tear and pain as reasons for re-

thinking our current shoulder treatment paradigm (McFarland, et al., 2013). There has 

been substantial study of the etiology, pathology, and histology of SAIS that describes 
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the damage to the rotator cuff tendons caused by this condition; however, there continues 

to be considerable debate about the mechanisms of injury, causes of tendon damage, and 

potential pain generators. It appears that we are in the midst of a paradigm shift in regards 

to our assessment and treatment of SAIS. 

Pathomechanics of Subacromial Impingement Syndrome 

The decrease in subacromial space present in secondary SAIS can be a result of 

poor posture and muscle imbalances. Tight pectoralis minor muscles, increased thoracic 

kyphosis, weak serratus anterior muscles, and increased upper trapezius tension have 

been found to alter the normal biomechanics of the shoulder girdle during flexion and 

abduction and can result in the secondary impingement of the supraspinatus tendon and 

also the biceps tendon under the acromioclavicular ligament (Lewis, et al., 2005; 

Ludewig & Reynolds, 2009; Lugo, Kung, & Ma, 2008; McClure, et al., 2006; Neer, 

1972). Many studies have investigated the biomechanics of glenohumeral and scapular 

movement in order to describe the normal movement pattern of the shoulder girdle. The 

description of normal scapular movement during humeral elevation from those studies is 

upward rotation, external rotation, and posterior tilt (Borstad & Ludewig, 2002; Ebaugh, 

McClure, & Karduna, 2005; Forte, de Castro, de Toledo, Ribiero, & Loss, 2009; 

Ludewig, et al., 2009). The greatest amount of upward rotation of the scapular in normal 

shoulders was found to occur at 90°-120° of elevation (Ebaugh, et al., 2005). It also has 

been shown that the scapula demonstrates increased external rotation, posterior tilt, and 

upward rotation when external resistance is applied to the shoulder joint (Forte, et al., 
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2009). There are conflicting findings regarding scapular internal or external rotation in 

normal shoulders as humeral elevation progresses, but it is generally accepted that at end 

range of humeral elevation, the scapula is in some amount of external rotation (Borstad & 

Ludewig, 2002; Forte, et al., 2009; Ludewig & Reynolds, 2009; Ludewig, et al., 2009; 

Ludewig & Braman, 2011; McClure, Michener, Sennett, & Karduna, 2001). While the 

scapula is upwardly rotating and posteriorly tilting during humeral elevation in normal 

individuals, the clavicle has been found to elevate and retract (Ludewig, Behrens, Meyer, 

Spoden, & Wilson, 2004; Ludewig & Braman, 2011; McClure, et al., 2001). Studies of 

abnormal movement patterns in individuals with shoulder impingement have resulted in 

more varied findings, but the majority found differences in at least one motion when 

compared to the normal movement pattern (Ludewig & Reynolds, 2009; Ludewig & 

Braman, 2011). Borstad and Ludewig (2002) found less upward rotation and more 

anterior tipping of the scapula at higher angles of elevation in participants with SAIS 

compared to those with asymptomatic shoulders. Several other studies also found less 

upward rotation of the scapula (Lin, et al., 2005; Lin, Hsieh, Cheng, Chen, & Lai, 2011; 

Ludewig & Cook, 2000). Decreased posterior tilt has been found in the majority of 

kinematic studies of shoulders with impingement, but a few studies have found either an 

increase or no difference compared to the normal movement pattern (Hebert, Moffet, 

McFadyen, & Dionne, 2002; Lin, et al., 2005; Ludewig & Cook, 2000; McClure, et al., 

2006). Findings for scapular internal or external rotation in individuals with impingement 

are the most varied with the majority showing no difference from the movements of 



30 
 

asymptomatic shoulders (Hebert, et al., 2002; Lin, et al., 2005; Ludewig & Cook, 2000; 

McClure, et al., 2006). Increased clavicular elevation has been consistently found in 

symptomatic shoulders (Lin, et al., 2005; McClure, et al., 2006). A meta-analysis in 2012 

summarized the kinematic findings in the literature of persons with SAIS and concluded 

that persons with SAIS had less scapular upward rotation and external rotation and 

greater clavicular elevation and retraction, but had no difference in scapular posterior tilt 

compared to normal shoulders (Timmons, et al., 2012). 

Electromyographic (EMG) studies have shown different muscle activation 

patterns in shoulders with pathology compared to those without pathology. The shoulders 

with pathology demonstrate abnormal recruitment of the rotator cuff muscles contributing 

to instability and impingement (Glousman, et al., 1988; Hess, et al., 2005; McMahon, 

Jobe, Pink, Brault, & Perry, 1996). A systematic review of EMG studies of shoulder 

muscle recruitment in persons with SAIS found the strongest support in the literature for 

increased upper trapezius recruitment and delayed recruitment of the lower trapezius 

compared to healthy shoulders but weak evidence for differences in other rotator cuff and 

scapular muscles (Chester, Smith, Hooper, & Dixon, 2010).  Several EMG studies have 

suggested that impinged shoulders demonstrate decreased serratus anterior activity with 

arm elevation. However, there are also several studies that have found no significant 

difference in serratus anterior activity between normal healthy shoulders and those with 

SAIS (Bandholm, Rasmussen, Aagaard, Jensen, & Diederichsen, 2006; Diederichsen et 

al., 2009; de Morais Faria, Teixeira-Salmela, De Paula Goulart & de Souza Moraes 2008; 
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Ludewig & Cook, 2000).  Despite the lack of consensus regarding the specifics of 

shoulder muscle activation, it is generally accepted that muscle imbalances in the 

shoulder muscles result in increased anterior tilting, less upward rotation and less external 

rotation of the scapula in shoulders with impingement (Cools, Declercq, Cambier, 

Mahieu, & Witvrouw, 2007; Kibler, 2006; Kibler & McMullen, 2003; Ludewig & Cook, 

2000; Phadke, Camargo, & Ludewig, 2009).  The abnormal anterior tilt and decreased 

upward rotation of the scapula narrows the subacromial space bringing the supraspinatus 

and biceps tendons into contact with the acromion and the coracoacromial ligament. The 

biomechanical and EMG findings suggest that in order to reduce SAIS symptoms, 

physical therapists must restore the correct muscular balance of the scapular and rotator 

cuff muscles. The normalization of muscle balance is needed in order to center the 

humeral head on the glenoid throughout glenohumeral motion and to maintain normal 

scapulohumeral rhythm. 

Treatment of Subacromial Impingement Syndrome 

Therapeutic interventions for the treatment of SAIS have focused on methods to 

decrease pain and inflammation with anti-inflammatory injections, medication, thermal 

modalities, laser, and shockwaves as well as interventions to increase the subacromial 

space such as exercise, manual therapy, and surgical decompression (Green, et al., 2003). 

A substantial amount of research has been performed to investigate the effectiveness of 

various treatment interventions for SAIS in terms of outcomes and cost. The results of 

these comparisons yield conflicting evidence regarding the effectiveness of various 
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medical and physical therapy treatment interventions. There is disagreement regarding 

whether surgical intervention or conservative treatment result in better outcomes for 

patients with shoulder pain from impingement. An early study of the effectiveness of 

arthroscopic surgery, supervised exercise, and a placebo laser treatment in patients with 

SAIS found that the surgery and exercise groups had equal significant improvement in 

function compared to the placebo group after six months but that the surgical group 

incurred higher costs of treatment (Brox, et al., 1993). A landmark randomized control 

trial (RCT) by Haahr and Andersen (2006) found that after four to eight years follow-up, 

the self-reported outcomes for shoulder patients undergoing either conservative graded 

physiotherapy exercise versus arthroscopic subacromial decompression were no different. 

In addition, the surgery group had greater cost during the first year of follow-up. A recent 

study in Finland of patients with SAIS compared patients performing only a supervised 

exercise program to patients who had arthroscopic arthroplasty followed by a similar 

exercise program. No significant differences were found in the outcomes of self-reported 

pain and disability after a 2-year and a 5-year follow-up. The authors concluded that 

acromioplasty was not cost-effective and that structured exercise is the treatment of 

choice for SAIS (Ketola, et al., 2013). Conversely, open surgical acromioplasty was 

found to be more “successful” than a physiotherapy regime with success being defined as 

more than 50% improvement on the visual analogue scale (VAS) for pain after 6-month 

follow-up (Rahme, et al., 1998). The conclusions of a recent systematic review and a 

meta-analysis indicate that according to the literature, surgical intervention does not 
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result superior outcomes compared to conservative interventions including physical 

therapy and that conservative interventions should be the preferred treatment for patients 

with SAIS (Dorrestijn, Stevens, Winters, van der Meer, & Diercks, 2009, Gebremariam, 

Hay, Koes, & Huisstede, 2011). 

There also have been comparisons of the various conservative interventions for 

the treatment of SAIS with one of the most common comparisons being between physical 

therapy interventions and corticosteroid injections, given separately or in combination 

(De Bruijn, et al., 2007; Geraets, et al., 2006). These studies have concluded that the 

interventions of education and graded exercise therapy programs increase functional 

outcomes, decrease shoulder pain, and minimize the cost of health care as compared to 

corticosteroid injections. Crawshaw et al. (2010) determined that corticosteroid injections 

in addition to therapeutic exercise resulted in reduced pain and improved function early 

in treatment, at one and six weeks post injection, but that outcomes were similar between 

the injection and therapy group and the exercise therapy only group after 12 weeks and 

were no different after 24 weeks. Ginn and Cohen (2005) found that a treatment 

combination of neuromuscular retraining exercises performed as a home program, a 

single corticosteroid injection, and modalities with range of motion exercises performed 

in the clinic twice weekly over a 5-week period showed short-term improvement in the 

treatment of shoulder pain. The home exercise program and injections were less costly to 

administer since they did not require repeated visits to a clinic.  A cost-effectiveness 

study (Jowett, et al., 2013) comparing subacromial corticosteroid injection with exercise 
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to exercise alone found lower costs in the injection and exercise group, but the cost 

difference was not significant. However, the injection group had a slightly better outcome 

in terms of quality adjusted life years. The authors concluded that given the slight edge in 

improved quality of life, the mildly higher cost of the injection plus exercise treatment 

was the most cost-effective course of action (Jowett, et al., 2013). In contrast, James et al. 

(2005) found that the cost of care was less for patients receiving a local corticosteroid 

injection from their general practitioner for shoulder pain versus attending up to eight 

physiotherapy sessions with patients in both groups achieving similar outcomes in terms 

of pain, disability, and quality of life measures. In summarizing what is demonstrated in 

the literature about corticosteroid injections and physical therapy, van der Windt and 

Bouter (2003) reported that there is evidence of a positive short-term effect with 

injections, but that there is weak evidence supporting any long-term additional benefit of 

corticosteroid injections in addition to physical therapy.    

Because of recent evidence for intrinsic tendon pathology as a cause of SAIS, new 

treatments are being researched that would affect tissue changes and responses in the 

injured tendon. These new treatments include sclerosing therapy, nitric oxide patches, 

injection of platelet rich plasma (PRP), mesenchymal stem cell transplantation, and the 

use of eccentric exercises (Abate, et al., 2009; Andres & Murrell, 2008; Rees, et al., 

2009).  A systematic review of the literature regarding the effectiveness of current 

treatments for tendinopathies found support for sclerotherapy, nitric oxide patches, and 

eccentric exercise but not for shock-wave therapy or physical therapy modalities such as 
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ultrasound, iontophoresis, and lasers (Andres & Murrell, 2008). The authors of this 

systematic review reported that the use of traditional anti-inflammatory drugs results in 

short-term pain relief but have not been found to be effective in the long-term and also 

suggest that surgery, with failure rates at 20-30%, should be the last option after failure of 

conservative treatment for tendinopathy (Andres & Murrell, 2008). The treatment options 

of sclerotherapy, which involves injecting a chemical into the blood vessels found in 

neovascularization of the injured tendon, and surgery, are invasive and costly. Nitric 

oxide patches can be toxic in large dose and have side effects such as headaches (Abate, 

et al., 2009; Andres & Murrell, 2008; Rees, et al., 2009). Stem cell treatments and PRP 

injections are described as promising and are being used increasingly in orthopaedics and 

sports medicine to treat tendon and ligament injuries but continue to be researched in 

order to develop optimal treatment protocols (Andres & Murrell, 2008; Yuan, Zhang, & 

Wang, 2013). A Cochrane systematic review of platelet rich therapies pooled 19 small 

trials for various tendinopathies and ligament repairs and found insufficient evidence for 

the use of platelet rich therapies. Therefore, the authors concluded that there is a need for 

standardization of preparation protocols for the procedure (Moraes, Lenza, Tamaoki, 

Faloppa, & Belloti, 2013). A study of PRP performed for rotator cuff tendinopathy found 

that after one-year follow-up there was no difference in the Western Ontario Rotator Cuff 

Index (WORCI), SPADI, or VAS outcome measures between groups receiving PRP or a 

placebo saline injection (Kesikburun, Tan, Yilmaz, Yaşar, & Yazicloğlu, 2013). Another 

study compared PRP injections to dry needling in patients with rotator cuff disease 
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without complete tendon tear and found significantly better SPADI scores in the PRP 

group even 6 months after injection (Rha, Park, Kim, Kim, & Lee, 2013). According to 

the Food and Drug Administration (FDA) website 

(http://www.fda.gov/BiologicsBloodVaccines/DevelopmentApprovalProcess/Biological

ApprovalsbyYear/ucm290742.htm), as of 2012 there are five approved PRP preparation 

devices. In summary, the research has indicated that physical therapy and exercise are as 

effective as injections, physical agents, and surgery for shoulder pain but typically 

generate less overall healthcare cost than injections and surgery.  

Many studies have been undertaken in rehabilitative medicine to investigate the 

effects of various physical therapy interventions on the shoulder in general and on 

patients with SAIS in particular in order to determine which are most effective. The 2003 

Cochrane review of physiotherapy interventions for the shoulder  indicated that there was 

evidence to support the use of exercise and exercise with mobilization in rotator cuff 

pathology or mixed shoulder disorders but little support for the use of laser and no 

support for ultrasound therapy in rotator cuff tendonitis (Green, et al., 2003). Several 

recent systematic reviews have focused specifically on the diagnosis of SAIS (Kelly, et 

al., 2010; Kromer, et al., 2009; Kuhn, 2009; Michener, et al., 2004; Trampas & Kitsios, 

2006). These systematic reviews provide agreement that there is moderate evidence for 

exercise and manual therapy for the improvement of function and reduction of pain in 

patients with SAIS but continue to find weak or no evidence for laser and ultrasound. 

Studies of physical agents such as ultrasound, laser, and shockwave treatments used alone 

http://www.fda.gov/BiologicsBloodVaccines/DevelopmentApprovalProcess/BiologicalApprovalsbyYear/ucm290742.htm
http://www.fda.gov/BiologicsBloodVaccines/DevelopmentApprovalProcess/BiologicalApprovalsbyYear/ucm290742.htm
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and in combination with therapeutic exercise interventions have found that these 

treatment modalities do not result in significantly improved outcomes compared to 

exercise alone (Calis, Berberoglu, & Calis, 2011; Celik, Atalar, Sahinkaya, & Demirhan, 

2009; Engebretsen et al., 2009; Yeldan, Cetin, & Razak Ozdincler, 2009). 

Several  systematic reviews of evidence for treatment of SAIS indicate that the 

multimodal interventions of physical therapy research studies make it difficult to 

determine what interventions resulted in the improved outcomes (Braun, Bularczyk, 

Heintsch, & Hanchard 2013; Trampas & Kitsios, 2006).  The research interventions 

frequently include exercise, manual therapy, and modalities in various combinations and 

rarely compare single interventions because common clinical approaches to SAIS 

treatment involve multiple intervention types. This diversity in the manual therapy 

techniques and exercise protocols used in the research of SAIS treatment interventions 

limits the conclusions that can be made regarding the effectiveness of these treatments. 

There is conflicting evidence regarding the benefit of manual therapy in addition 

to exercise in the treatment of SAIS. Several studies concluded that pain reduction and 

function were significantly better in treatment groups of persons with SAIS receiving 

manual therapy in addition to exercise (Bang & Deyle, 2000; Bergman, et al., 2010; 

Senbursa, et al., 2007). However, there are other studies that found no significant 

differences in functional outcomes and pain in persons with SAIS when manual therapy 

techniques were added to exercise treatments (Chen, Ginn, & Hebert, 2009; Senbursa, 

Baltaci, & Atay, 2011). In investigating a combination of manual and exercise physical 
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therapy treatments, Bennell et al. (2010) found no difference in shoulder outcomes after 

10 weeks of treatment in two groups of participants with chronic rotator cuff disease 

defined as having had shoulder symptoms greater than 3 months. The treatment group 

(n=57) received a home exercise program for strengthening the scapular stabilizers and 

rotator cuff muscles, as well as soft tissue massage, glenohumeral mobilization, cervical 

and thoracic mobilizations, scapular retraining, and postural taping performed in the 

clinic. The manual techniques for this study were well outlined and the exercises 

consisted of hand weight and theraband exercises supervised for 10 weeks and then as a 

home program for an additional 12 weeks. However, there was no mention of how much 

resistance was used or if the resistance was progressed during the study. The sham 

ultrasound group (n=61) received a non-therapeutic dose of ultrasound but did not 

perform any exercises. There were no differences in pain reduction and function between 

the groups at 11 weeks but both groups had improved from baseline measures. The 

treatment group had significantly greater improvement in the shoulder pain and disability 

index (SPADI), strength, and quality of life measures at 22 weeks compared to the sham 

ultrasound group. The outcome measures of pain level and satisfaction with treatment 

were not significantly different between the groups at 22 weeks. The aforementioned 

study suggests that physical therapy intervention is better than a sham treatment, but the 

multimodal design of the therapy interventions prevent any conclusion regarding the 

effectiveness of specific physical therapy treatments. Manual therapy treatments such as 

glenohumeral and capsular mobilizations, mobilization with movement, and cervical, 
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thoracic, and rib manipulation or mobilization have been shown to improve functional 

outcomes, reduce pain, and result in patient perceived improvement, but the diversity of 

manual therapy treatment types, multimodal treatment interventions, and  lack of direct 

comparison to other manual therapy interventions do not allow for determination of 

which is most effective (Cook, Learman, Houghton, Showalter, & O’Halloran, 2013; 

DeSantis & Hasson, 2006; Egan, 2006; Gebhardt, Whitman, & Smith, 2006; Strunce, 

Walker, Boyles, & Young, 2009; Tate, McClure, Young, Salvatori, & Michener, 2010). 

Exercise interventions for rotator cuff and scapular muscles have the strongest 

evidence support in the literature for the treatment of SAIS. A 2009 systematic review of 

11 RCTs concluded that exercise had significant effects on pain and function in SAIS but 

not on ROM or strength of the shoulder,  a finding reinforced in another review in 2012 

(Kuhn, 2009, Littlewood, Ashton, Chance-Larsen, May, & Sturrock, 2012). In contrast, a 

systematic review of the literature in 2010 by Kelly et al. cited limited evidence to 

support exercise interventions in the treatment of SAIS. However, another review 

performed two years later found double the number of RCTs compared to the previous 

review and concluded that there was strong evidence for short-term pain reduction and 

functional improvement and moderate evidence for long-term functional improvement 

(Hanratty, et al., 2012). Exercise only treatment groups used as comparison groups to 

physical modality and manual therapy treatment groups have consistently shown 

significant improvement in pain reduction and functional improvement of shoulders with 

SAIS (Bennell, et al., 2010; Brox, et al., 1993; Ginn & Cohen, 2005; Kachingwe, 
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Phillips, Sletten, & Plunkett, 2008; Ludewig & Borstad, 2003; Senbursa, et al., 2007). 

Shoulder muscle strengthening exercises have been shown to be more effective than no 

treatment in several studies (Ginn, Herbert, Khouw, & Lee, 1997; Lombardi, et al., 

2008).  A study of work site shoulder stretches and theraband rotator cuff exercises was 

effective in decrease pain and improving function in male industry workers (Camargo, 

Haik, Ludewig, Filho, Mettiello-Rosa, & Salvini, 2009). Exercise interventions that 

included scapular stabilization exercises in addition to traditional rotator cuff 

strengthening theraband exercises and stretching were found to be more effective in 

improving shoulder strength, position sense, and decreasing scapular dyskinesis (Baskurt, 

et al., 2011). A single subject design study by Roy, Moffet, Hebert, and Lirette (2009) 

demonstrated successful outcomes with shoulder control and strengthening exercises in a 

small group of 8 participants with SAIS. The outcome measures included shoulder pain 

and disability index (SPADI) scores, shoulder flexion and abduction range of motion, 

strength in abduction and external rotation, and resolution of the painful arc sign. This 

study used a controlled algorithm for retraining shoulder elevation, beginning with 

passive motion using manual and visual feedback for proper motion, and progressing to 

active elevation without feedback using a small load of 0.45 kilograms. Participants 

progressed to the small load once the demonstrated scapular control but it is not known if 

the load was progressed during the study. The small sample size, the lack of a control 

group, and the lack of blinding limit the generalizability of this study’s findings. 
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While the exercise programs described in the literature have been found to be 

effective in the treatment of shoulder pain and functional limitation, they are varied in 

their methodology and frequently lack detail regarding how resistance is chosen and 

progressed and why an exercise type used. In their systematic review of the literature for 

eccentric exercise in the treatment of tendinopathies, Woodley et al. (2007) suggested 

that decisions regarding exercise parameters were based on “clinical experience” rather 

than “dose-response” published in literature. It has been suggested that research be 

undertaken to develop a specific rationale for loading, exercise progression, and 

frequency of treatment for eccentric exercises in the treatment of tendinopathy in order to 

establish an optimal dosage for the intervention (Woodley, et al., 2007). To address this 

suggestion, a study used progressive resistance training (PRE) principles in treating 

persons with SAIS. The investigators used the resistance established from the 

submaximal exercise testing, and progressed pulley resistance according to repeat 

submaximal exercise testing every two weeks (Lombardi et al., 2008). The group 

performing the PRE exercises had statistically significant improvement in pain and 

function compared to the control group who were on a surgery wait list and received no 

treatment (Lombardi, et al., 2008). The aforementioned study is the only study to date 

using the DeLorme method of overload progression in the treatment of SAIS.   

Histological and Physiologic Response to Resistance Exercise 

Exercise physiology research has demonstrated the differing effects of concentric 

and eccentric exercises on normal muscles and tendons. Studies have investigated muscle 
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adaptations to exercise such as size, fiber architecture, strength, peak torque, total work, 

and change in the functional ability of the muscle in question. Tendon adaptations such as 

stiffness, thickness, collagen content, and vascularity have also been studied in response 

to exercise. Biochemical and neural adaptations to exercise training are being 

investigated at an increasing rate due to technological improvements in equipment and 

processes. The research generally supports that resisted exercises increase muscle size 

strength and performance as well as cause changes in tendon properties, biochemical 

markers, and neural control. However, it has been noted that these changes differ with 

contraction type. In regard to muscle size, comparisons studies of concentric and 

eccentric resisted training have found larger cross sectional area or thickness of muscles 

with eccentric training (Guilhem, et al., 2010, Higbie, et al., 1996, Reeves, et al., 2009). 

Recently, researchers have questioned some of the findings of comparison studies of 

contraction type due to differing load or total work amounts between the groups. Moore, 

Young, and Phillips (2012) concluded that there was no difference in muscle size and 

strength between concentric and eccentric training when regimens were matched for 

intensity and total work in healthy males performing resisted elbow flexion.  A small 

study in 1976 involved eight healthy males performing concentric exercise for upper and 

lower extremity muscles on one side of their body and the same exercises eccentrically 

on the other side. The results indicated that both groups made strength gains that were not 

statistically different (Johnson, Adamczyk, Tennoe, & Stromme, 1976). Of note was that 

the concentric side used a resistance that was 80% of 1RM while the eccentric side used a 
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supra-maximal resistance of 120% of the concentric 1RM (Johnson, et al., 1976) Higbie 

et al. (1996) found that during isokinetic testing, strength improvements were specific to 

the contraction type used during training and that quadriceps muscles in their study had 

greater cross-sectional area in the eccentric training group than the concentric training 

group after 10 weeks of training.  Reeves et al. (2009) found that an exercise group 

training with eccentric contractions only using 80% of their 5 repetition maximum (RM) 

had greater increases in fascicle length but smaller increases in pennation angle than an 

exercise group using a more conventional concentric-eccentric training regimen. Muscle 

thickness of the vastus lateralis was found to be increased the same magnitude in both 

groups and knee extension torque increased eccentrically in the eccentric group and 

concentrically in the conventional group (Reeves, et al., 2009). Peak torque and peak 

force was found to be greater in abduction for an eccentric isokinetic training group 

versus a concentric-eccentric training group at the shoulder after training three times a 

week for four weeks (Bast, et al., 1998). Guilhem, et al. (2010) compared the effects of 

eccentric training to isokinetic eccentric strength training in a literature review and found 

that isokinetic training resulted in greater strength gains, but that eccentric training had a 

greater increase in neuromuscular activation and muscle hypertrophy. A meta-analysis of 

20 concentric and eccentric training comparison studies found that studies in which the 

eccentric exercises were performed at a higher intensity (greater average peak torque or 

% of 1RM) than the concentric exercises resulted in greater total strength and greater 

eccentric strength in the muscles trained (Roig, et al., 2009). The higher intensity 
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eccentric exercises also resulted in greater muscle mass and cross-sectional area. The 

authors of the meta-analysis also found that training improvements tended to be specific 

to movement velocity and contraction type (Roig, et al., 2009).   

 Studies show that the tendon is less sensitive to mechanical stimulus type than 

muscle tissue with muscle showing increases in cross sectional area from resistance 

exercises more rapidly than tendon. Tendons are more likely to exhibit changes in 

modulus or strength, rather than size (Kjaer, et al., 2009). Studies have shown that 

architectural changes in muscle and tendon are evident with all types of resistance 

training; concentric, eccentric, and isometric, and that the changes differ amongst the 

training types (Guilhem, et al., 2010; Heinemeier, et al., 2007; Reeves, et al., 2009). A 

study of isometric knee extension training demonstrated that muscle strength and neural 

adaptations occurred before muscle hypertrophy and tendon stiffness indicating that 

muscle function improves before architectural changes are seen in the muscle and tendon 

(Kubo, Ikebukuro, Yata, Tsunoda, & Kanehisa, 2010). It has been demonstrated that 

collagen synthesis in human tendon increases to two to three percent from the resting 1% 

after acute exercise and remains elevated for up to 3 days (Kjaer, et al., 2009). This 

increase was shown to be present regardless of exercise type: strength training or 

endurance training. Resistance training has been shown to increase tendon stiffness which 

improves force development and length-tension characteristics of the muscle being 

trained (Folland & Williams, 2007). Collagen synthesis was found to increase similarly 

with concentric, eccentric, and isometric training in rat tendons but eccentric training was 
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found to have a greater effect on this process in the muscle tissue (Heinemeier, et al., 

2007). Eccentric exercise has also been found to stabilize angiogenesis in rat patellar 

tendons early in the treatment of tendon injury compared to concentric exercise which 

was found to disrupt angiogenesis and delay healing by reducing tendon vascularity 

(Nakamura, et al., 2008).  

Eccentric Exercise and Tendinopathy 

Because research has demonstrated that different contraction types and exercise 

parameters have different effects on the musculo-tendinous architecture in healthy adults, 

rehabilitation research has begun to focus increasingly on the value of eccentric biased 

exercise versus the traditional concentric-eccentric exercises used in the treatment of 

tendinopathies. Research into the use of eccentric exercise on tendinopathy has 

demonstrated “limited to moderate level of evidence” of effect on pain, function, and 

patient satisfaction in the treatment of Achilles, patellar, and wrist extensor 

tendinopathies (Andres & Murrell, 2008; Woodley, et al., 2007). Several systematic 

reviews have indicated some evidence for the success of eccentric exercises in the 

treatment of tendinopathies of the Achilles, patellar, and wrist extensor tendons (Andres 

& Murrell, 2008; Kingma, et al., 2007; Lorenzen, et al., 2010; Malliaras, et al., 2008; 

Woodley, et al.,  2007).  A study comparing concentric to eccentric gastrocsoleus 

exercises in people with Achilles tendinosis found better satisfaction with treatment and 

improved ability to return to normal activity level in the eccentric exercise group after 12 

weeks of treatment (Mafi, et al., 2001). However, the Mafi et al. (2001) study is the only 
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study in a systematic review for Achilles tendinopathy in which the concentric group had 

a greater reduction in pain than the eccentric group, all of the other studies demonstrated 

greater pain reduction with eccentric exercise (Kingma, et al., 2007). Jonsson and 

Alfredson (2005) demonstrated greater satisfaction with treatment, significant decreases 

in pain, and improved function after 12 weeks of eccentric exercise treatment in 

individuals with patellar tendinitis compared to individuals performing concentric 

exercise. Two studies using eccentric exercise in the management of lateral epicondylosis 

also demonstrated better functional outcomes and less pain compared to passive modality 

treatment or standard therapy treatment groups (Croisier, et al., 2007; Tyler, Thomas, 

Nicholas, & McHugh, 2010). One study, comparing stretching only with stretching plus 

either concentric or eccentric exercise in individuals with lateral epicondylosis, found no 

significant differences in patient satisfaction, pain-free grip, and pain rating after 6 weeks 

of intervention (Martinez-Silvestrini, et al., 2005).  

Three case series studies have investigated the effect of eccentric exercise on 

persons with SAIS and found improvement in function, decrease in pain, and increase in 

patient satisfaction after 12 weeks of intervention (Bernhardsson, et al., 2011; Camargo, 

et al., 2012; Jonsson, et al., 2006). A pilot study by Jonsson et al. (2006) investigated the 

effects of 12 weeks of eccentric exercise performed by nine patients with chronic SAIS 

who were on the wait list for surgery. The exercises consisted of using a sling attached to 

the ceiling to raise the involved arm to 90° of scaption. The patient then lowered the arm 

eccentrically with the thumb pointed down. When the lowering of the arm was no longer 
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painful, a weight was added to again result in mild pain with the exercise. Three sets of 

15 repetitions were performed twice a day, seven days a week for the 12 weeks of the 

study (Jonsson, et al., 2006). The exercises were instructed in the clinic but performed at 

home with a telephone follow-up after two weeks to ascertain correct performance of the 

home exercise program. A clinic follow-up occurred at six weeks and following the 12-

week assessment. Patients were asked to continue exercising twice a week until the final 

follow-up at 52 weeks after treatment initiation (Jonsson, et al., 2006). Constant score for 

function, visual analog scale (VAS) for pain severity, and satisfaction with treatment 

were assessed at baseline, 12 weeks, and 52 weeks. Five of the nine patients indicated 

satisfaction with treatment and had significant changes in pain reduction and Constant 

score at 12 weeks. Five of the nine remained satisfied with treatment after 52 weeks and 

withdrew from the surgery list. Two of the not satisfied participants were found to have 

more serious pathology, a labral tear and full thickness rotator cuff tear (Jonsson, et al., 

2006).  

Bernhardsson et al. (2011) also used a home-based eccentric exercise program 

with clinic visits to investigate the effect of daily eccentric strengthening on 10 patients 

with chronic SAIS. This case series compared baseline and post 12-week intervention 

VAS, Constant score, patient specific functional scale (PSFS), and the WORCI, which 

measures quality of life. The exercise program consisted of two scapular active mobility 

exercises, an upper trapezius stretch, and sidelying eccentric shoulder internal and 

external rotation strengthening exercises. The eccentric exercises were performed for 
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three sets of 15 repetitions, twice a day, seven days a week as in the Jonsson et al. (2006) 

study (Bernhardsson, et al., 2011). Patients were instructed to exercise into pain but not 

exceeding five on a 10 point scale. Ten participants had improved function and eight of 

the 10 reported reduced pain. Nine and seven participants demonstrate increases in the 

Constant and WORCI respectively. The function and quality of life outcome 

improvements reached statistical significance (Bernhardsson, et al., 2011).  

Both of these studies had small sample sizes with no control group. The exercise 

programs did not have a rationale for selection or progression of the exercises and used 

few exercises that did not address all muscles of the rotator cuff. The “empty can” 

position used in the Jonsson study has been shown to cause pain in individuals with SAIS 

(Reinold, et al., 2007). The exercise frequency of twice daily sessions, seven days a week 

in the aforementioned studies was developed by Alfredson for use in the lower 

extremities in people with Achilles tendinopathy (Alfredson, Pietila, Jonsson, & 

Lorentzon, 1998). It is possible that upper extremity muscles would respond differently to 

this treatment regime and that a different frequency for the exercise program would have 

a different effect. 

 A study compared isokinetic testing of shoulder internal rotation, external 

rotation, and abduction in shoulders without pathology after four weeks of exercises 

between a no training control group, a concentric training group, an eccentric training 

group and a combination concentric-eccentric training group (Bast, et al., 1998). The 

eccentric group demonstrated significantly greater absolute peak force and peak torque 



49 
 

only in abduction compared to the combination concentric-eccentric training group. 

There were no significant differences in the rotation isokinetic values (Bast, et al., 1998). 

More recently a study of isokinetic eccentric training of shoulder abductor muscles 

demonstrated improved DASH scores, total work, and peak torque in persons with SAIS 

after bi-weekly sessions over six weeks for both involved and uninvolved shoulders 

(Camargo, et al., 2012). Several of the same authors had assessed the muscle 

performance of participants with SAIS compared to healthy control participants while 

performing isokinetic concentric and eccentric shoulder abduction at 60°/sec and 

180°/sec, and found no significant differences in peak torque, total work, and acceleration 

time between the groups (Camargo, Avila, Asso, & Salvini, 2010). The aforementioned 

study assessed one-time performance and did not involve any treatment intervention. A 

recently published study investigated heavy load eccentric training added to traditional 

concentric-eccentric rotator cuff training in patients with SAIS compared to the 

traditional training alone. The authors found that there were no significant differences in 

pain level or SPADI score after 12 weeks of intervention but that the heavy load eccentric 

group demonstrated greater isometric scapular abduction strength only at 90°, not at 

lower angles (Maenhout, et al., 2013). The most recent literature investigating the effects 

of eccentric exercise on muscles and tendons suggests that the changes in the tissues are 

more due to resistance training load and intensity rather than contraction type and suggest 

that prior evidence of the superiority of eccentric training is weak (Malliaras, Kamal, et 

al., 2013; Malliaras, Barton, Reeves, & Langberg, 2013). There is clearly a need to 
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further investigate the effects of eccentric exercise and concentric exercise with focus and 

control of exercise parameters in patients with supraspinatus tendinopathy. Criticism for 

the research involving eccentric exercise in tendinopathy treatment has focused on the 

heavy reliance on pain scales as the main outcome measure and not enough emphasis on 

functional outcomes that have been shown to be valid and reliable (Kingma, et al., 2007; 

Woodley, et al., 2007). Many of the studies of the effects of eccentric exercise have used 

isokinetic equipment that is not available to many clinicians or to patients at home 

underscoring a need for research using resistance equipment that is available to a larger 

number of people. 

Resistance Exercise Training for Rotator Cuff Muscles 

Ludewig and Reynolds (2009) outlined goals for rehabilitation of subacromial 

impingement syndrome supported by biomechanics and kinematic research of 

glenohumeral and scapulothoracic joint movement. The interventions hypothesized to 

facilitate improvement in individuals with SAIS include serratus anterior strengthening, 

upper trapezius activity reduction, posterior shoulder stretching, pectoralis minor 

stretching, and thoracic spine extension posture improvement (Ludewig & Reynolds, 

2009). The literature supports the idea that a successful physical therapy treatment 

program for subacromial impingement must include strengthening for humeral head 

depressors to decrease pain and inflammation of impinged structures as well focus on 

strengthening for scapulothoracic and rotator cuff muscles to restore normal shoulder 

biomechanics.  
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Because the primary function of the rotator cuff muscles is to stabilize the 

humeral head in the glenoid, the muscles must demonstrate both strength and endurance 

and operate at moderate to fast movement velocities to perform activities of daily living. 

The architecture of the rotator cuff muscles is one of a mixed fiber type of 38% to 54% 

type I (slow) fibers, with the supraspinatus having the largest percentage of type I fibers 

at 54%. The remaining 46% of the supraspinatus is made up of type IIa and IIx (fast) 

fibers. The mix of fiber types in the supraspinatus suggest that it can function in both fast, 

aerobic movements as well as slow, oxidative contraction situations such as postural 

support.  The small angle of pennation of the supraspinatus muscle indicates that is it 

better suited for speed of movement than power (Lovering & Russ, 2008; Roh, et al., 

2000). The complexity of the function of the rotator cuff muscles, specifically the 

supraspinatus muscle, makes selecting optimal exercise parameters a challenge. Muscle 

and tendon tissues cross sectional area, fiber length, motor unit type recruited, and 

metabolic adaptations respond specifically to the exercise stimulus provided (Cormie, et 

al., 2011; Ratamess, et al., 2009).  

Rotator cuff injury and disuse could result in a loss of type II muscle fibers as 

well as changes that weaken tendon collagen and impair tissue metabolism (Lewis, 2009; 

Lohr & Uhthoff, 1990; Riley, et al., 1994; Rudzki, et al., 2008). The optimal exercise 

intervention for the injured supraspinatus musculo-tendinous unit must therefore use 

parameters that best promote the recruitment of type II motor units and improve the 

strength and stiffness of the supraspinatus tendon enthesis. Campos et al. (2002) found 
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that groups performing resistance training with heavier loads and fewer repetitions had 

greater increases in all muscle fiber types compared to lighter load, high repetitions 

training groups and no exercise controls after eight weeks. The light load, high repetition 

group did however demonstrate better performance for prolonged submaximal, endurance 

type contractions (Campos, et al., 2002).  

Research regarding exercise interventions for the treatment of SAIS and other 

tendinopathies has been criticized for lack of specific detail in the description of exercise 

parameters and progression used in the studies (Jeffery, et al., 2005; Woodley, et al., 

2007). There is also a lack of rationale for the selection of parameters such as resistance 

load, speed of movement, contraction type, training volume, and frequency (Jeffery, et 

al., 2005; Woodley et al., 2007). The American College of Sport Medicine (ACSM) in 

their position statement entitled “Progression Models in Resistance Training for Healthy 

Adults” provides evidence-based recommendations for exercise prescription utilizing 

resistance training (Ratamess, et al., 2009). The ACSM document outlines exercise 

parameters based on participants’ exercise experience and training goal such as strength, 

power, or endurance. It has been found that loads as light at 45-50% of the RM will 

produce strength gains in previously untrained persons with 60% being found to be the 

load producing the greatest effect size in novice exercisers (Campos, et al., 2002; Rhea, 

Alvar, Burkett, & Ball, 2003). The ACSM recommendations for strength gain are to 

exercise at an intensity of 60-70% of 1RM in novice exercisers. However, in order to 

develop muscle hypertrophy, the exercise intensity should be slightly higher, at 70-85%. 
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of 1RM. It is also recommended that the load be increased 2-10% once the individual can 

perform more than the desired number of repetitions in order to increase strength 

(Ratamess, et al., 2009). Muscle hypertrophy has been shown to be present within six to 

eight weeks of resistance training in novice exercisers but neural adaptations are 

suggested to begin even earlier (Folland & Williams, 2007; Moritani & deVries, 1979; 

Phillips, 2000). Exercise volume recommendations are for one to three sets per exercise 

with 8-12 repetitions for strength increases and 10-15 repetitions for endurance increases 

in novice exercisers (Krieger, 2010; Ratamess, et al., 2009). Rest periods of one to three 

minutes are recommended for muscle recovery between exercises (Ratamess, et al., 

2009). Velocity of movement should be slow to moderate for untrained individuals and 

should increase to moderate with experience (Ratamess, et al., 2009). ACSM 

recommendation for exercise frequency is two to three days per week per body area in 

persons of beginning and intermediate exercise experience (Ratamess, et al., 2009). A 

meta-analysis by Rhea et al. (2003) found that a frequency of three days a week resulted 

in the best strength gains in untrained individuals.  The ACSM recommendation for 

healthy older adults is generally the same as for novice exercisers (Ratamess, et al., 

2009). Previous research of eccentric exercise has used varied frequencies from two to 

seven days a week with no findings to recommend an optimal training frequency (Jeffery, 

et al., 2005). 

Considerable research has been done to determine which exercises best recruit the 

muscles needed for rehabilitation of subacromial impingement and rotator cuff syndrome. 
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Townsend and colleagues used fine-wire EMG to determine muscle activity during 17 

different exercises commonly used to rehabilitate throwing athletes (Townsend, Jobe, 

Pink, & Perry, 1991). The rotator cuff muscles, deltoid, pectoralis major, and latissimus 

dorsi were studied. The authors found that four exercises most consistently challenged all 

muscles assessed: (1) scaption with thumb down or “empty can”, (2) flexion, (3) 

horizontal abduction with external rotation, and (4) press-up. The four exercises found to 

challenge the supraspinatus in this study were the military press, “empty can”, flexion, 

and scaption with external rotation or “full can” exercises. A study using fine-wire EMG 

published a year later examined the scapular muscles, including the three parts of the 

trapezius, the levator scapulae, rhomboids, pectoralis minor, and serratus anterior in 16 

different exercises. Scaption, rowing, push-ups with a plus, and press-ups exercises were 

found to activate the tested muscles the most (Moseley, Jobe, Pink, Perry, & Tibone, 

1992). Reinold and colleagues (2004) have performed several fine-wire EMG studies 

analyzing muscle activity with therapeutic exercises designed for shoulder pathology. 

These authors found that side-lying external rotation recruited the infraspinatus and teres 

minor muscles the most, and the prone horizontal abduction at 100° (“prone full can”) 

recruited the supraspinatus muscle the most. In addition, Reinold et al. (2007) reported 

that there was no significant difference in supraspinatus activity between the “full can”, 

“empty can” and “prone full can” exercises. The “full can” was found to cause the least 

amount of deltoid recruitment which was thought by the authors to allow for better 

isolation in strengthening the supraspinatus. Most recently, Reinold, Escamilla, and Wilk 
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(2009) summarized the biomechanical research on shoulder exercises and provided 

recommendations for exercises of the glenohumeral and scapulothoracic muscles. The 

“full can” and “prone full can” exercises were again recommended for the supraspinatus. 

A literature review by Dewhurst (2010) surveyed the research literature of exercise 

programs for SAIS and reported evidence to support the use of the following exercises; 

serratus anterior strengthening, scapular control with lateral rotation, pectoralis minor 

stretching, upper trapezius stretching, posterior capsule stretch, lateral rotation with 

elastic band through the range of abduction, resisted flexion, resisted extension, resisted 

adduction, resisted medial rotation with weights or elastic band, and abduction with a 

dumbbell. In summary, published research of shoulder biomechanics and exercises in 

normal shoulders and those with SAIS has provided valuable information to assist 

physical therapy clinicians and researchers in choosing appropriate exercises that would 

correct faulty shoulder biomechanics and increase the subacromial space resulting in 

improved treatment outcomes for patients with SAIS.  

Exercise Progression and Repetition Maximum Testing 

The basis for determining the load to be used in progressive resistance training is 

to test the participant’s maximum lift for each exercise to be performed. Testing for a 

patient’s RM prior to initiating a resisted exercise program provides a baseline level of 

effort individualized to that patient at the time that they enter treatment. The RM testing, 

when repeated at selected intervals during the course of treatment, provides a 

standardized method of determining load progression to help target a specific goal such 
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as improvement in muscle strength, power, or endurance. Repeat testing of a patient’s 

RM also shows a quantifiable amount of change in the patient’s ability and can be used as 

an outcome assessment. Studies have shown that self-selected resistance is not adequate 

to produce strength and hypertrophy gains desired in exercise training compared to load 

prescriptions using 1RM (Elsangedy, et al., 2013; Glass & Stanton, 2004; Kemmler, et 

al., 2005). Testing for one RM (1RM) would yield a resistance that the participant could 

lift only one time successfully. The load parameters for an exercise intervention are then 

based on a percentage of this maximum number in order to obtain the desired results of 

the training program. This 1RM must be retested periodically in order to progress the 

training program as the participant’s strength increases (Ratamess, et al., 2009). There is 

some risk of injury with this heavy lifting testing even in persons with resistance training 

experience and without any musculoskeletal pathology. The risk of causing injury and 

pain with this testing process is greater in novice exercisers and persons with pathology 

(Kemmler, Lauber, Wassermann, & Mayhew, 2006; Reynolds, Gordon, & Robergs, 

2006). In order to address the need for determining a base strength value and lessen the 

risk of injury or pain, alternate methods of RM testing have been developed. These 

methods predict the 1RM using formulas derived from testing submaximal weight 

designed to produce failure at a higher number of repetitions such as five to 20 

repetitions. A study by Wood, Maddalozzo and Harter (2002) compared seven 1RM 

prediction equations for accuracy in healthy older adults and found that the Mayhew, 

Ball, Arnold, and Bowen (1992), Wathen (1994), and Epley (1985) formulas were most 
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accurate but had a high margin of error. Reynolds et al. (2006) developed a prediction 

equation for the chest press and leg press in a study of both genders using a multiple 

regression and found that the 5RM prediction of 1RM was most accurate. The authors 

suggested that the relationship between strength and repetitions to failure is non-linear, 

therefore, the non-linear predictive formulas are more accurate than the linear ones 

(Reynolds, et al., 2006). Kemmler et al. (2006) tested 70 women with prior exercise 

experience on four different exercise machines; leg press, bench press, rowing, and hip 

adduction. Each woman performed a 1RM test and later performed maximal repetitions 

at a resistance designed to produce failure in the following range of repetitions: 3-5RM, 

6-10RM, 11-15RM, and 16-20RM. The authors then derived an equation that accurately 

predicted the 1RM from the number of repetitions to failure and arrived at a cubic 

polynomial that was accurate regardless of exercise performed or number of repetitions to 

failure. The formula is known as the KLW formula and is expressed as: wi [0.988-

0.0000584 ri3 + 0.00190 ri2 + 0.0104 ri,] where wi is the load of measurement I (the 

exercise being assessed) and ri is the number of repetitions for measurement I. The KLW 

formula was compared to seven other predictive formulas using the data from their study. 

The KLW had the lowest absolute difference for the prediction of 1RM from repetitions 

to failure (Kemmler, et al., 2006).  

Given that the purpose of progressive resistance interventions in physical therapy 

is to improve functional outcomes in persons with pathology, there is not a need for the 

specific accuracy of 1RM testing, but rather a method for quantifying strength and 
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training progression in a safe, non-painful manner. Lombardi et al. (2008) used a 6RM 

testing to determine the training weights for their study of progressive resistance training 

in persons with SAIS but did not give a rationale as to how they chose that method of RM 

testing. The training weight selected for that study was a percentage of the 6RM not a 

percentage based on a predicted 1RM (Lombardi, et al., 2008). A study of the reliability 

of 1RM testing in older adults showed that three familiarization sessions and 2-3 test 

trials yielded very reliable 1RM values in this population (Phillips, Batterham, 

Valenzuela, & Burkett, 2004). A study of 1RM testing on several upper and lower body 

muscles in both genders of young adults (18 to 35 years) concluded that a standardized 

1RM protocol with a warm-up and familiarization period was reliable in assessing 

strength regardless of muscle tested or gender (Seo, et al., 2012). A recent survey of the 

literature regarding progressive resistance training in older adults found some mention of 

injuries but more so in the testing phase than in the actual training, and that the 1RM 

testing resulted in the greatest risk of injuries (Sousa, Mendes, Monteiro, & Abrantes, 

2013). The authors recommended individualized programs with progressive intensity 

using warm-ups and cool-downs with attention to correct technique in order to prevent 

injury (Sousa, et al., 2013). Because patients who have musculoskeletal pathology may 

not be experienced in resistance training, it is rational to use submaximal testing and 

gradual progression procedures that are appropriate for novice exercisers and older 

adults. Several practice sessions and testing trials should be utilized to familiarize 

patients with the equipment and movements to be used in testing and training to improve 
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accuracy and decrease risk of injury. By standardizing the procedures for exercise testing 

and progression at the level of the vulnerable patients, we could limit the risk of further 

injury and increased pain during exercise testing and exercise training.   

Outcome Measures 

Many outcome measures are used to quantify change in shoulder function as a 

result of pathology and to determine change as a result of treatment interventions.  Pain is 

the measure of most concern to the patient and there are many scales used to quantify 

pain intensity. The visual analog scale (VAS) uses a 10-centimeter line with a descriptor 

of “no pain” at one end and one of “worst pain imaginable” at the other end. The patient 

is asked to place a vertical mark along the line at a point most descriptive of their pain. 

The distance from the “no pain” anchor to the vertical line is measured in millimeters to 

arrive at a score for the scale. The verbal rating scale (VRS) uses the terms no pain, mild 

pain, moderate pain, and severe or intense pain to describe current pain intensity. The 

numeric pain rating scale (NPRS) is a verbal scale used to attach a value to the 

participants’ pain level when questioned (McCaffery & Beebe, 1993). Zero on the scale 

indicates no pain, one to three for mild pain, four to six for moderate pain, and seven to 

ten for severe pain.  A review of pain scales by Williamson and Hoggart (2005) found 

that while the VAS was statistically beneficial due its’ ratio data, it is the most difficult to 

use in the clinic. The NPRS yields interval data that could still be used well statistically 

and correlates well with the VAS but can sometimes be difficult for older patients and 

those with cognitive deficits to understand (Williamson & Hoggart, 2005). It is suggested 
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that clinically the verbal rating scale (VRS) is easier for the patients to understand but is 

not very sensitive for the purpose of statistical analysis (Herr, Spratt, Mobily, & 

Richardson, 2004; Williamson & Hoggart, 2005). Individual pain scale ratings on an 

eleven point scale such as the NPRS had low to moderate test-retest stability (ICC 0.55-

0.65) but were suggested to be valid for studies of treatment effects on pain. However, 

composite measures of three to four pain scores such as current, best, and worst were 

found to be more reliable (Jensen, Turner, Romano, & Fisher, 1999).  In persons with 

chronic pain and persons with low back pain, a difference of 2 points on the NPRS was 

indicated as clinically important (Childs, Piva, & Fritz, 2005; Farrar, Young, LaMoreaux, 

Werth, & Poole, 2001). Only one study addressed the validity and reliability of the NPRS 

in persons with shoulder pain and the results revealed good construct validity, reliability, 

and responsiveness of the measure with an ICC of 0.74 and a minimal clinically 

important difference of 1.1 (Mintken, Glynn, & Cleland, 2009). 

There are also many functional outcome tools used for the upper extremity and 

shoulder. A systematic review of 16 common shoulder disability questionnaires by Bot, 

Terwee, van der Windt, Bouter, Dekker, and de Vet (2004) found that the DASH was one 

of the most studied shoulder outcome measures and had the best ratings for its clinimetric 

properties. The DASH is a 30-question instrument that uses a 5-point Likert scale to rate 

the respondent’s ability to perform daily activities using their upper extremity (Hudak, 

Amadio, & Bombardier, 1996).  Activities such as “prepare a meal” are rated from “1, no 

difficulty” to “5 unable” to perform. Thirty is subtracted from the total score of the items 
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and the result is then divided by 1.20 to arrive at a score that is a percentage of 100. A 

score of zero indicates no disability and total disability scores 100 on the scale. The 

minimal important change for the DASH has been suggested to be 10 points in a study of 

persons who had surgery for shoulder impingement (Gummesson, Atroshi, & Ekdahl, 

2003). Because of its strong clinimetric properties, the DASH has been used in many 

studies of interventions for shoulder pathology to demonstrate the patient’s functional level 

(Brennan, Parent, & Cleland, 2010; Kennedy, et al., 2006; Kitis, Celik, Aslan, & Zencir, 

2009). The DASH was one of only two of the 16 shoulder functional outcome studies 

with good test-retest reliability with an ICC greater than 0.70 and found to be responsive 

and have no floor or ceiling effects (Bot et al., 2004). Desai, Dramis, and Hearnden (2010) 

reported similar findings of good test-re-test reliability with ICCs greater than 0.90, as well 

as good construct validity and responsiveness for the DASH. In a recent study of persons 

with adhesive capsulitis, Staples, Forbes, Green, and Buchbinder (2010) also reported the 

DASH to be valid and responsive to change. Roy, MacDermid, and Woodhouse (2009) 

reported a weighted average standard error of measurement (SEM) of 4.5 and weighted 

average minimal detectable change (MDC) of 10.5 for the DASH concluding that the 

DASH had better reliability than the shoulder pain and disability index (SPADI) for 

patients with shoulder impingement and tendinopathy. 

Shoulder range of motion traditionally has been assessed in physical therapy using 

a goniometer. Riddle, Rothstein, and Lamb (1987) assessed reliability within and between 

examiners and concluded that passive ROM measurements were “highly reliable” for all 
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measurement taken by the same therapist (ICC = 0.87-0.99), but only good for flexion, 

abduction and lateral rotation (ICC = 0.84-0.90) between therapists. The other 

measurements had poor to moderate reliability (ICC = 0.26-0.55) between examiners 

(Riddle, et al., 1987) The Riddle et al. (1987) study did not control for body position and 

determined that inter-rater reliability was not improved by testing in the same position. 

Intra-rater reliability of goniometric measurements for standing AROM of normal 

shoulders has been found to be good with ICCs of 0.76 to 0.91, a standard error of the 

measurement (SEM) of 4-5, and a minimum clinical difference (MCD) of 10-12 (Muir, 

Corea, & Beaupre, 2010). Inter-rater reliability demonstrated slightly lower ICCs for 

standing normal shoulder motions ranging from 0.67 to 0.82 with the SEM between 4-8 

and MCD between 11 and 22. Goniometric measurement in supine of normal shoulder 

motions had better reliability both actively and passively with intra-rater ICCs of 0.81 to 

0.92 actively and 0.85 to 0.94 passively (Muir, et al., 2010). Inter-rater supine measurement 

were good (ICC = 0.72-0.91 active, 0.78-0.88 passive) except for internal rotation at 90° 

abduction actively (ICC = 0.62) and horizontal adduction both actively and passively (ICC 

= 0.47 and 0.36).  The same study found slightly lower intra-rater reliability (ICC = 0.63-

0.93) and inter-rater reliability (ICC = 0.47-0.57) for standing active shoulder motions in 

persons with shoulder pathology (Muir, et al., 2010). Supine shoulder goniometric 

measurements in persons with pathology were good with intra-rater ICCs of 0.69 to 0.95 

and inter-rater ICCs of 0.39 to 0.92 with the low reliability again being for internal rotation 

and horizontal adduction (Muir, et al., 2010). One study compared goniometric 
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measurements of the shoulder to those measured by a digital level device and found that 

both devices had similar reliability. Further, the digital level device demonstrated a 3-5 

greater systematic error when assessing shoulder rotations compared to the goniometer 

(Mullaney, McHugh, Johnson, & Tyler, 2010). The authors concluded that both were 

reliable in measuring shoulder motions but should not be used interchangeably (Mullaney, 

et al., 2010).  

Reliability using digital inclinometers in assessing normal shoulders has been 

found to be good with ICCs for active shoulder abduction, flexion, internal and external 

rotation to be 0.83-0.97 for intra-rater and moderate to good (0.58-0.95) for inter-rater 

reliability in two studies (Kolber, Fuller, Marshall, Wright, & Hanney, 2012; Kolber, 

Vega, Widmayer, & Cheng, 2011). Kolber et al. (2011) demonstrated the responsiveness 

to be good and the minimal clinically important difference (MCID) to be between 4-9° 

for the tested shoulder motions. Measurement of inter-rater shoulder passive abduction 

and external rotation using digital inclinometry was found to be good for the affected 

shoulder (ICC = 0.78-0.90) but poor to moderate (ICC = 0.28-0.56) on the uninvolved 

side (de Winter, et al., 2004). Kolber also investigated the concurrent validity of the 

digital inclinometer to the goniometer for measurement of shoulder motion in persons 

without shoulder pain and found it to be excellent with and ICC value of 0.94 for 

scaption and 0.86 for flexion (Kolber, et al., 2012; Kolber & Hanney, 2012). In the 

aforementioned concurrent validity studies, AROMs were measured in sitting and the 

devices placed on the shoulder once the participant reached end range with one replacing 
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the other in the same trial (Kolber, et al., 2012; Kolber & Hanney, 2012). Research also 

suggests that reliability is good with inclinometers in assessing shoulder motions in 

persons with pain or pathology. Green, Buchbinder Forbes, and Bellamy (1998) 

demonstrated ICCs of 0.80 and 0.75 for intra-rater total shoulder flexion and abduction 

respectively using a gravity inclinometer in six persons with shoulder pain. Inter-rater 

reliability found in the Green et al. (1998) study was ICC = 0.82 for total shoulder 

flexion, ICC = 0.88 for total shoulder abduction, and ICC = 0.95 for external rotation in 

neutral after familiarity with the protocol and instrument. Measurement of inter-rater 

shoulder passive abduction and external rotation using digital inclinometry was found to 

be good for the affected shoulder (ICC = 0.78-0.90) but poor to moderate (ICC = 0.28-

0.56) on the uninvolved side (de Winter, et al., 2004). More recently, Valentine and 

Lewis (2006) demonstrated intra-tester reliability using a gravity inclinometer for normal 

participant flexion (ICC = 0.91-0.94) and abduction (ICC = 0.91-0.93) as well as 

symptomatic shoulders with ICCs of 0.82 (flexion) and 0.98 (abduction) for the painful 

shoulder.  

 Strength of shoulder muscles has been assessed using manual muscle testing, 

hand-held and isokinetic dynamometers.  Roy et al. (2009) tested the validity of a J-tech 

hand-held dynamometer to a Lido stationary dynamometer for strength testing of 

shoulder flexion, abduction, and external rotation and concluded that due to strong 

Pearson correlations (r = 0.81 to 0.87)  the devices demonstrated good concurrent validity 

and would provide comparable but not interchangeable scores for shoulder strength. A 
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study by Hayes, Walton, Szomor, and Murrell (2002) compared a hand-held 

dynamometer to a spring-scale dynamometer and to manual muscle testing and found that 

hand-held dynamometry was the most reliable method of assessing shoulder strength in 

five motions with ICC’s of 0.79-0.96 for intra-rater and 0.79-0.92 for inter-rater 

reliability.  Intra-tester reliability of strength testing of normal shoulder abduction, 

internal, and external rotation with a hand-held, stationary, and isokinetic dynamometers 

was compared and found to be highly reliable for all three devices (ICCs of 0.84 to 0.99) 

but it was noted that the hand-held dynamometer required less time to complete the 

testing (Leggin, Neuman, Iannotti, Williams, & Thompson, 1996). Inter-tester reliability 

was found to range from ICC 0.79- 0.97 for the three devices in the same study with the 

lowest value (ICC = 0.79) being the hand-held dynamometer assessment of seated 

abduction (Leggin, et al., 1996). A study of hand-held dynamometry testing in persons 

with shoulder pain found same-day intratester reliability on the affected side of ICC 0.96 

and 0.98 for both abduction and external rotation in two examiners (Cadogan, Laslett, 

Hing, NcNair, & Williams, 2011). Intertester reliability was found to be ICC 0.84 and 

ICC 0.74 for affected arm abduction and external rotation respectively (Cadogan, et al., 

2011). The Cadogan et al. (2011) study assessed shoulder strength in sitting and found 

limits of agreement from3.2 to 8.5 kg for their resisted testing. It has been suggested that 

hand-held dynamometer measurements are impacted by the examiner’s strength in 

relation to the participant’s strength and that reliability is better when the dynamometer is 

placed more distally to the joint being assessed (McMahon, Burdett, & Whitney, 1992; 
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Wikholm & Bohannon, 1991).  Isokinetic dynamometers, while reliable, are expensive, 

require lengthy set up, occupy a large amount of clinic space and are thus not found in all 

clinics. Manual muscle testing does not yield ratio data for optimal data analysis. 

Therefore, hand-held dynamometry provides a practical, portable, reliable method of 

testing strength in the clinic.  

Summary 

The literature indicates that shoulder dysfunction is one of the more common 

musculoskeletal problems treated in primary care and physical therapy. SAIS is 

frequently treated in rehabilitation facilities and therapeutic exercise has been 

demonstrated in the literature to be an effective treatment intervention for SAIS in terms 

of cost and improvement in function and quality of life. The goal of therapy interventions 

for SAIS is to reverse or decrease the damage to the rotator cuff muscles and tendons 

caused by extrinsic and intrinsic degeneration factors. Rehabilitation literature has 

outlined the importance of restoring normal shoulder girdle movement patterns to 

increase subacromial space and has highlighted specific muscles and exercises that are 

useful in accomplishing this goal. Histopathology has revealed that tendons and muscles 

involved in tendinopathies have an early inflammatory response that is no longer present 

in chronic pathology and results in a “failure to heal” in these conditions resulting in 

degeneration and potential rupture. Prognostic indicators suggest that early treatment in 

the acute phase of shoulder pathology provides a better chance of improvement pain and 

function. Progressive resistance exercises have been shown to produce architectural 
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changes in muscle and tendon that vary with contraction type. Choosing specific exercise 

parameters established in the exercise science literature can help design an exercise 

intervention that will increase the likelihood of achieving the desired change in the target 

tissue. The goal for progressive resistance training targeting the shoulder is to improve 

joint biomechanics, increase subacromial space, and facilitate tendon healing resulting in 

less pain and improved function. Given that eccentric exercise has been found to be 

effective in inducing these changes in healthy individuals and persons with other 

tendinopathies, the use of eccentric resistance exercise for a population with SAIS may 

result in superior outcome improvement. These architectural changes may improve 

muscle strength and tendon stiffness and help restore shoulder function and decrease pain 

in persons with tendinopathy. Research studies of physical therapy exercise interventions 

are often lacking in a rationale for the design of exercise programs and  do not use a 

systematic approach for exercise progression which may affect the magnitude of the 

training results, time needed to realize those results, and make the studies difficult to 

reproduce. Recent studies using eccentric exercise interventions in the treatment of 

tendinopathies have found reductions in pain and improvement in function at the Achilles 

tendon, patellar tendon, and wrist extensor tendon. However, there are few studies that 

have directly compared eccentric resistance intervention to concentric or combined 

concentric-eccentric interventions in persons with tendinopathy. While three small 

sample studies have shown improvement in function and reduction of pain using 

eccentric exercise in persons with SAIS, few studies have compared the effects of 
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eccentric exercise to interventions using other contraction types. Therefore, the intent of 

this dissertation study was to find whether an eccentric resistance exercise intervention or 

a concentric resistance exercise intervention is a better exercise mode for treatment of 

SAIS.  
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CHAPTER III 

 

METHODS 

 

 The primary purpose of this study was to compare the effectiveness of an 

eccentric PRE intervention to a concentric PRE intervention over eight weeks on 

shoulder outcome measures in adults who have SAIS. The outcome measures included 

upper extremity function, pain-free shoulder scapular elevation active ROM (AROM), 

and pain-free shoulder strength. A secondary purpose of the study was to determine if 

five or eight weeks of intervention was adequate to achieve significant changes in the 

shoulder outcome measures.  A third purpose of the study was to examine correlations 

between the participants’ self-reported measure of function and the physical measures of 

shoulder AROM and strength. The interventions involved eccentric PREs for the scapular 

and rotator cuff muscles for one group and concentric PREs for the same muscles for the 

other group. 

 Both interventions were progressed using the overload principle of resistive 

strength training using 70%  to 80%  of each participant’s one repetition maximum 

(1RM) predicted from a submaximal 20RM test used to determine the load for each 

exercise. RM assessments occurred in the second week after familiarization with the 

exercises during the first week and then every two weeks thereafter (weeks four and six) 

during the eight-week supervised intervention period for a total of three RM assessments. 
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There were no RM assessments in the eighth and final week as this was the end of the 

study and no further supervised training occurred. Participants were then placed on home 

exercise programs. Training loads were progressed after each RM assessment to 70% of 

the newly predicted 1RM. The first two weeks of the intervention involved baseline 

outcomes assessment, familiarization with exercises and 20RM assessment. 

Differentiation of training method based on group assignment began in week three. The 

outcome measures included the disabilities of the arm, shoulder, and hand (DASH) for 

upper extremity functional level, shoulder pain-free AROM of scaption, and shoulder 

pain-free strength of external rotation and abduction. The outcome measures were 

assessed three times, at baseline and after five and eight weeks of the interventions. 

Design and Variables 

This study is a prospective, randomized clinical trial to compare shoulder 

outcome measures in two groups of adults with SAIS following intervention programs of 

eccentric or concentric PRE for the rotator cuff and scapular muscles. The study is a two-

way, mixed design, with intervention group as the between-subjects factor and time as 

the within-subjects factor. Dependent variables included shoulder functional level, 

shoulder pain-free AROM of scaption, and shoulder pain-free strength of external 

rotation and abduction. Outcomes were assessed by an investigator blinded to the 

treatment intervention group assignment. The reliability of the AROM and strength 

outcome assessments occurred concurrently.  
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Participants 

 

Participants exhibited unilateral or bilateral shoulder pain but did not have a 

diagnosis of full-thickness rotator cuff tear or adhesive capsulitis. In cases of bilateral 

shoulder involvement, the data for the most involved shoulder was used in the data 

analysis. Men and women of any ethnic group, aged 18 and older, were recruited from 

the patient population at the Texas Health Resources (THR) Presbyterian Hospital, 

Dallas, Texas outpatient rehabilitation department, Texas Woman’s University (TWU),  

Dallas campus, and the surrounding community. Inclusion criteria for participants 

included age of 18 years or older who presented with shoulder pain but who had not yet 

initiated physical or occupational therapy treatment. Participants who met the inclusion 

criteria were screened using an intake form (Appendix A) for the following exclusion 

criteria: (1) history of shoulder, cervical, or thoracic surgery, (2) history of shoulder 

fracture, dislocation, labral tear, or full thickness rotator cuff (RTC) tear, (3) treatment for 

neoplasm in the last year, (4) rheumatic disease, (5) adhesive capsulitis, (6) shoulder pain 

currently rated greater than or equal to 7/10 on the NPRS, (7) cardiac, neurological, or 

musculoskeletal condition that precludes ability to perform upper extremity resisted 

exercise, (8) pregnancy, and (9) inability to arrange transport to evaluation or treatment 

sessions or not planning to stay in the area long enough to complete study. Participants 

with pain level at or above 7/10 on the NPRS were excluded as this level of pain 

indicated a shoulder condition not likely to respond to exercise alone.  Flyers (Appendix 

B) were distributed to the study facilities and the hospital staff was asked to assist in 
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recruitment by providing flyers to potential participants. Recruitment solicitations stated 

that participants must be 18 years old or older with current shoulder pain but without 

history of neck, upper back, or shoulder surgery.  

Individuals interested in participating in the study were asked to call to schedule a 

time for their assessment or were scheduled for their initial therapy session at THR 

Presbyterian Dallas. The study assessments and interventions took place at either the TWU 

Dallas campus or the THR Presbyterian, Dallas outpatient rehabilitation department. 

Participants were also asked to stop taking pain medication in the four hours immediately 

preceding their initial appointment in order to obtain a more accurate assessment of the 

shoulder pain caused by their pathology, joint motion, and muscle contraction. The 

participants were encouraged to bring the medication so that they could take it following 

the completion of the baseline assessment if desired. 

Persons who met the inclusion criteria and possessed none of the exclusion 

criteria were asked to participate in the study. Persons who qualified for the study were 

asked to read and sign an informed consent in accordance with both the THR and TWU 

Institutional Review Board (IRB) requirements. The IRB approval letters from both THR 

and TWU can be found in Appendix C. The intake form (Appendix A) used in the initial 

screening included a brief medical history that was completed by the participant to 

further assist in determining if the participant met the inclusion and exclusion criteria. 

Questions regarding their rights as participants and about the study were answered at the 

time of consent. 
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A priori power analysis was conducted using G*Power version 3.1.2  to estimate 

the sample size required to find a significance with a desired level of power set at 0.85 and 

an α-level set at 0.05 (Faul, Buchner, Erdfelder, & Lang, 2009). Effect sizes of 0.55 to 1.06 

were found in previous studies that investigated shoulder function with the DASH in 

persons with adhesive capsulitis, post acromioplasty, and impingement (Gummesson, et al., 

2003; Roy, et al., 2009; Staples, et al., 2010). However, an effect size of 0.25 was used for 

this study as a conservative estimate, as a study  protocol including two exercise 

interventions and lack of a true control group would  likely result in a smaller effect size. 

The repeated measure, within-between group interaction statistical test determined that at 

least 32 participants, 16 participants per group, were required to ensure adequate power for 

a mixed-model ANOVA. 

Instruments 

The NPRS was used to assess shoulder pain. The NPRS (Appendix D) is a verbal 

scale used to attach a value to the participants’ pain level when questioned (McCaffery & 

Beebe, 1993). Zero on the scale indicates no pain; one to three indicates mild pain, four 

to six for moderate pain, and seven to 10 for severe pain. A difference of two points on 

the NPRS was indicated as clinically important in persons with chronic pain and persons 

with low back pain (Childs, et al., 2005; Farrar, et al., 2001). One study has addressed the 

validity and reliability of the NPRS in persons with shoulder pain and the results revealed 

good construct validity, reliability, and responsiveness of the measure with an intraclass 

correlation coefficient (ICC) of 0.74 and a minimal clinically important difference 
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(MCID) of 1.1 (Mintken, et al., 2009). The pain scale ratings were used to determine 

eligibility for study participation and to describe pain severity at baseline to determine if 

group differences existed prior to intervention. 

Shoulder function in this study was assessed using the DASH scale (Appendix E). 

The DASH is a 30-question instrument that uses a five-point Likert scale to rate the 

respondents’ ability to perform daily activities using their upper extremity (Hudak, et al., 

1996).  Activities such as “prepare a meal” are rated from “1, no difficulty” to “5 unable” 

to perform. Thirty is subtracted from the total score of the items and the result is then 

divided by 1.20 to arrive at a score that is a percentage of 100. A score of zero indicates 

no disability and a score of 100 indicates total disability. The minimal important change for 

the DASH has been suggested to be 10 points in a study of persons who had surgery for 

shoulder impingement and 10.2 for tendinosis and impingement (Gummesson, et al., 2003; 

Roy, et al., 2009). The DASH has been shown to have good test-retest reliability with an 

ICC of greater than 0.70 (Bot, et al., 2004). Desai, et al. (2010) reported similar findings of 

good test-retest reliability with ICCs greater than 0.90, good construct validity determined 

by high correlation with other outcome measures of shoulder disability, and good 

responsiveness for the DASH. Beaton, Davis, Hudak, and McConnell, (2001) found the 

DASH to have good validity with a Cronbach alpha of 0.97. In a recent study of persons 

with adhesive capsulitis, Staples et al. (2010) also reported the DASH to have good 

construct validity using Pearson’s product moment correlations of 0.65 and 0.55 with the 

Croft index and the shoulder pain and disability index (SPADI). The authors also reported 
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the DASH to be responsive to change in their study with moderate to high values for mean 

effect size of 0.58, standardized response mean of 0.96, and Guyatt’s responsiveness index 

of 0.70 (Staples, et al., 2010). Roy, MacDermid, and Woodhouse (2009) reported that the 

DASH had better reliability than the shoulder pain and disability index (SPADI) for 

patients with shoulder impingement and tendinopathy. 

 An Acumar™ digital inclinometer (Lafayette Instrument Company, Lafayette, 

IN) (Appendix F) was used to assess shoulder AROM of scaption. Reliability using 

digital inclinometers has been found to be good with ICCs for active shoulder abduction, 

flexion, internal and external rotation to be 0.83-0.94 for intra-rater reliability and 

moderate to good (0.58-0.95) for inter-rater reliability (Kolber, et al., 2011). Kolber et al. 

(2011) demonstrated the responsiveness to be good and the MCID to be between 4-9° for 

the tested shoulder motions. Measurement of inter-rater shoulder passive abduction and 

external rotation using digital inclinometry was found to be good for the affected 

shoulder (ICC = 0.78-0.90), but poor to moderate (ICC = 0.28-0.56) on the uninvolved 

side (de Winter, et al., 2004).  

 An Ametek Accuforce™ Cadet hand-held dynamometer (HHD) (Appendix G) 

was used to assess strength for shoulder abduction and external rotation. Hayes et al. 

(2002) found that hand-held dynamometry was the most reliable method of assessing 

rotator cuff strength with ICCs of 0.79-0.96 for intra-rater reliability and 0.79-0.92 for 

inter-rater reliability for all motions tested.   
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Intratester Reliability of Inclinometer and Hand-held Dynamometer Testing 

A pilot study was conducted prior to this dissertation study to determine the 

reliability of the AROM and strength testing protocols used in the study on asymptomatic 

shoulders. First, eight physical and occupational therapists (examiners) who participated 

in AROM and strength measurements received training in the testing protocols. Each of 

the examiners then took measurements of shoulder scaption AROM using a digital 

inclinometer and strength of shoulder abduction and external rotation using a HHD twice 

on the same day from 10 to 15 asymptomatic individuals.       

Same-day intratester reliability in asymptomatic shoulders for inclinometer scaption 

AROM measurements was fair-to-good ranging from ICC(3,2) = 0.66 to 0.97. Same-day 

intratester reliability for the HHD measurements of asymptomatic shoulder strength was 

very good ranging from ICC(3,2) = 0.83 to 0.99 for abduction strength and ICC(3,2) = 0.89 to 

0.97 for external rotation strength. 

Procedures 

 After participants signed the consent form and completed the intake form, all 

participants completed the DASH functional outcome tool.  Next, a standard physical 

therapy evaluation for persons with shoulder or upper quadrant pathology was performed 

by the treating licensed physical therapist who is an orthopaedic clinical specialist with 

over 23 years of experience. The evaluation was documented in the patient record at the 

hospital or on the intake form in the participant file at the TWU campus. The baseline and 

follow-up outcome measurements were assessed by an examiner who was blinded to the 
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treatment group. The examiner for each participant was chosen based on availability of one 

of the eight examiners at the time the participant was enrolled, however the same examiner 

remained with the participant for their testing sessions at baseline, at week five, and at 

week eight.  Participants were asked to stop taking pain medication four hours prior to their 

appointment on outcome assessment days to ensure more accurate assessment taking into 

account their pain intensity level. Participants could take their pain medications as 

prescribed by their physician at all other times during the study, but were asked of any 

changes in medication at each of their clinic visits. This information was recorded in their 

medical record or treatment folder depending on the location of their treatment. The 

standard physical therapy examination included the Neer, Hawkins-Kennedy, and corocoid 

or “cross body” adduction impingement tests (Appendix H) to confirm impingement 

symptoms (Magee, 2008). The infraspinatus test, drop arm test, and “empty can” test 

(Appendix I) were used to rule out persons with a full thickness rotator cuff tear (Magee, 

2008). Eligible participants must have at least one positive impingement test and one 

negative rotator cuff tear test. Participants with three positive rotator cuff tear tests and thus 

suspected full-thickness rotator cuff tear were excluded from the study. Participants were 

asked to give a baseline pain rating on the NPRS to determine eligibility as those with a 

pain level of seven or higher were excluded as it was determined that they would not 

tolerate resisted exercise without additional pain reducing interventions not included in the 

study protocol. Eligible participants then underwent baseline outcome measure assessment.  

Participants were then seated in a chair wearing either a sleeveless shirt, gown, sports bra, 
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or remove their shirt (men) in order to expose the shoulder and upper arm for location of 

landmarks. Participants were assessed for pain-free AROM of shoulder scaption using the 

digital inclinometer and the method described by Kolber et al. (2011) which was found to 

be reliable. 

  

Figure 1: Inclinometer scaption testing 

Participants were seated during the AROM measurements. They were asked to 

perform each movement as far as they were able to without pain and without trunk 

motions. Each participant was asked to perform shoulder scaption once to ascertain 

correct technique and understanding before AROM measurements.  The inclinometer was 

placed proximal to the lateral epicondyle of the elbow (Kolber, et al., 2011). Two 
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measurements in each motion were taken and the mean value for the two measurements 

was used for data analysis. 

 Isometric strength for shoulder abduction and external rotation was assessed using 

a HHD. Both motions were tested in supine to minimize the effect of differing limb 

weight in participants. Abduction and external rotation were tested with the shoulder in 

90° of abduction and 90° of elbow flexion (Hayes, et al., 2002). Participants who were 

unable to obtain these testing positions were excluded from the study during the 

screening process prior to outcomes assessment. Resistance was applied perpendicular to 

the distal humerus just above the lateral epicondyle for abduction and perpendicular to 

the dorsal distal forearm one inch proximal to the ulnar styloid for external rotation. 

Participants held the aforementioned positions as the examiner applied the force through 

the dynamometer using the “make” test procedure with the participant building up to 

maximal tension in one to two seconds and continuing to maintain the tension for four to 

five more seconds (Bohannon, 1988, Hayes, et al., 2002). Two measurements were taken 

for each motion with a 30-second rest between each trial to allow for muscle recovery. 

The mean of the two trials of each strength test was used for data analysis. The length of 

the limb from the lateral edge of the acromion to the lateral epicondyle and from one inch 

proximal to the ulnar styloid to the proximal olecranon was recorded for use in 

calculating torque forces for abduction and external rotation for comparison between 

individuals.  
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Figure 2: Hand-held dynamometry testing of abduction and external rotation 

 At the end of this baseline assessment, a second NPRS rating was taken and 

averaged with the pre-testing pain rating to arrive at the base-line score used in data 

analysis based on the findings of Jensen et al. (1999) that composite pain measurements 

are more reliable. Participants were instructed in the use of ice at home in the event of 

joint or muscle soreness. The participants were randomly assigned to one of the two 

intervention groups using pre-prepared, sealed folders selected in numeric order which 

became their participant identification number. 

 Appointment times were given to participants to begin their eight week treatment 

intervention determined by their group assignment. Participants were instructed to 

perform only the upper body program given as part of the study intervention and to avoid 

adding any new upper body activities until completion of the study. Participants were 

also informed that they were not to receive any other therapy or treatment during the 

study period and that they could drop out at any time. Both groups of participants 
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completed a supervised therapy intervention two times a week for 8 weeks. The first two 

weeks of the intervention involved both groups being familiarized with the exercise 

techniques and equipment and RM testing procedure. The third week began the 

differentiation of treatment intervention of the eccentric and concentric intervention 

groups using resistance predicted by the method of submaximal RM testing. The six 

outcome measurements as described above were performed at the end of five and eight 

weeks of the supervised interventions. Outcome assessments for each participant were 

performed by the same examiner. 

Exercise Interventions 

The exercises used for the  interventions in this study were chosen based on 

literature review of electromyographic (EMG) and biomechanical studies of exercise that 

optimize rotator cuff and scapular muscle recruitment (Moseley, et al., 1992; Reinold, et 

al., 2004; Reinold, et al., 2007; Reinold, et al., 2009; Townsend, et al., 1991). The 

exercises used in this study included the seated “full can”, sidelying internal rotation (IR), 

sidelying external rotation (ER) with towel roll, supine protraction, sidelying horizontal 

abduction, sidelying abduction, and prone shoulder extension (Appendix J). All exercises 

were performed using a dumbbell for resistance and all were performed in the 

participant’s pain-free AROM. The eccentric exercise group performed the lowering 

portion of the exercises with the therapist repositioning the weight to the starting position 

to avoid resistance in the lifting portion of each exercise. The concentric group performed 

the lifting portion of the exercises with the therapist repositioning the weight to the start 
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position to avoid resistance in the lowering portion of the exercise. The principal 

investigator was the treating physical therapist for all participants and was not involved in 

the outcome measure assessment to prevent bias of the results. A home exercise program 

(HEP) of stretching and postural correction exercises was performed by both groups to 

address the soft tissue, joint, and capsular tightness commonly cited for contributing to 

poor scapular and glenohumeral biomechanics (Ludewig & Reynolds, 2009). The HEP 

consisted of pectoralis minor and posterior shoulder self-stretching and thoracic spine 

self-mobilization into extension along with pain-free AROM in flexion and abduction 

standing in front of a mirror to monitor for excessive scapular elevation (Appendix K). 

The HEP was performed once daily on the days the participant was not exercising in the 

clinic as well as being performed as part of the cool down exercises after clinic exercise 

sessions. Participants were asked to keep an exercise log of their HEP performance 

(Appendix L) which was reviewed by the treating therapist at the end of each week to 

monitor compliance. This log was turned in at the completion of the study interventions. 

Repetition Maximum Assessment 

In order to determine the training load used for each exercise during the 

intervention, participants performed a submaximal 20RM testing for each exercise. 

Research has shown that familiarity with the exercise equipment and techniques prior to 

RM testing allows for a more accurate assessment of a participant’s ability (DeBeliso, 

Harris, Spitzer-Gibson, & Adams, 2005; Phillips, et al., 2004; Wathen, 1994). It has also 

been shown that older adults and novice exercisers require multiple assessments of the 
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RM in order to obtain an accurate assessment (Phillips, et al., 2004, Ploutz-Snyder & 

Giamis, 2001). In addition, research has shown that the majority of injuries occur during 

the 1RM testing, not the PRE program itself (Pollock, et al., 1991). The definition of 

1RM is the maximum amount of weight that a person can lift one time (Wathen, 1994). 

In order to reduce the risk of injury during RM testing, it has been suggested that the 

actual 1RM be predicted using an equation established from submaximal RM testing 

(Kemmler, et al., 2006; Mayhew, et al., 1992; Reynolds, et al., 2006; Wood, et al., 2002).  

In light of these research findings, the sessions of week one of this study were used to 

familiarize all participants with the equipment and exercises by using light to moderate 

weights in both the concentric and eccentric movements. Exercises were performed using 

moderate movement velocity of two to three seconds for each phase of movement. 

Participants were supervised by their treating therapist for two sessions in the clinic per 

week for the duration of the study. An upper body ergometer (UBE) was used for 5 

minutes of warm-up and cool-down at each session for both groups. The HEP was 

instructed to both groups in the first session and was to be performed once a day for the 

duration of the study. On days that the participants attended supervised sessions in the 

clinic, they performed the HEP after their exercise session and following a 5-minute UBE 

cool-down to stretch their muscles and decrease soreness. The participants’ performance 

of the HEP in the clinic helped ensure that proper techniques were used for the 

participants’ home exercises. On the days that the participants did not attend therapy at 

the clinic, they were instructed to perform the HEP one time each day. Ice was applied to 
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the involved shoulder for 15 minutes following each session to decrease inflammation 

and muscle soreness. 

During week two, the treating therapist performed two submaximal RM testing 

sessions to predict 1RM using the Kemmler, Lauber, Wasserman (KLW) formula. The 

better of the two 1RM predictions was used to determine the training resistance.  The 

KLW formula predicts 1RM weight based on repetitions to failure (RTF) at a 

submaximal resistance (Kemmler, et al., 2006). Given that the purpose of PRE 

interventions in physical therapy is to improve functional outcomes in persons with 

pathology, there is not a need for the specific accuracy of 1RM testing, only a method for 

quantifying strength and training progression in a safe, non-painful manner. Use of the 

submaximal testing described by Kemmler et al. (2006) allowed us to predict the 1RM 

with less risk of harm to our participants. The treating therapist initially selected a 

resistance that they anticipated would result in the participant’s inability to lift with 

correct form or “fail” between 10 and 20 repetitions.  In addition, this resistance selection 

was based on the treating therapist’s observation of the participant’s exercise technique 

and muscle control using light to moderate resistance in the two sessions of exercise 

instruction that occurred in week one.  If the participant completed more than 20 

repetitions, they rested for four minutes before trying again with a heavier resistance as 

recommended by the testing protocols used by Kemmler, et al. (2006) and Wathen, 

(1994). The number of repetitions completed was used in the KLW formula to predict 

their 1RM for each exercise (Kemmler, et al., 2006). The KLW formula is (wi [0.988-
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0.0000584 ri
3
 + 0.00190 ri

2
 + 0.0104 ri]) where wi is the load of measurement I, and ri is 

the number of repetitions. This formula was shown to be an accurate predictor of 1RM 

across a number of repetitions up to 20 for the four exercises used in their study which 

included both upper and lower body exercises (Kemmler, et al., 2006). The second 

session of the second week also began with submaximal 20RM testing. A warm-up 

consisting of UBE for five minutes and one set of ten repetitions on each exercise in the 

intervention was used prior to submaximal 20RM testing in both sessions. The resistance 

used in the warm-up was one that allowed easy performance of 10 repetitions for the 

selected exercise or approximately 50% effort. During the first session of week three, 

participants were instructed in the respective group exercises: either the concentric or 

eccentric portion of the training exercises. Both groups performed three sets of 12 

repetitions of each of the seven intervention exercises at 70% of their newly predicted 

1RM in week three following testing.  Figure 1 illustrates the resistance training protocol 

and progression for each week of the study. If the training weight predicted by the 

formula fell between the dumbbell increments available in the clinic, the resistance was 

rounded down to the next closest dumbbell weight. The third week began the 

differentiation of the treatment interventions per group allocation with outcome 

assessments occurring at five and eight weeks from enrollment.  The submaximal 20RM 

testing first occurred in week two and was repeated at week four and at week six with 

only one assessment day at those times. Training resistance was adjusted in the sessions 

following the exercise testing sessions in week four and week six with participants 
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performing three sets of 12 repetitions using resistance of 70% of the new predicted 

1RM. The week immediately prior to the next exercise testing session, the resistance was 

increased to 80% of the predicted 1RM.  

Participants performed two training sessions per week for eight weeks with each 

session lasting an hour. All exercise sessions began with a five-minute UBE warm-up. 

Both intervention groups performed three sets of 12 repetitions of each exercise for all 

sessions except the first two weeks of familiarization and 20 RM testing and the four and 

six week repeat 20RM testing. If the participant had significant pain or difficulty 

performing an exercise with the predicted training resistance, the therapist reduced the 

resistance until the participant could continue with proper technique and no pain increase. 

This resistance change was recorded in the participant’s record for later use in data 

analysis. One to three sets of exercise at 60-70% of the 1RM for 8-12 repetitions has been 

supported in the exercise literature as the volume and loading that results in maximization 

of muscular strength in novice exercisers (Ratamess, et al., 2009). The concentric and 

eccentric portions of the exercises, specific to training group, were performed at a rate of 

two to three seconds. The treating therapist returned the participant’s arm and weight to 

the starting point for either the concentric or eccentric portion of the exercise as 

determined by group membership in order to prevent active contraction in the opposite 

direction by the participant. Both groups performed a 5-minute UBE to cool-down, 

followed by the HEP exercises that were instructed in the first session. Lastly, they 

received ice treatment on the shoulder for 15 minutes at the end of each supervised clinic 
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exercise intervention session for the duration of the study. Figure 3 illustrates the timing 

of the 20RM testing, the outcomes testing, and the progression of exercises for each week 

of the study. 
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Figure 3: continued 
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characteristics of gender, age, baseline DASH scores, baseline pain severity level, and 

duration of symptoms. Age, DASH score, pain severity level, AROM and strength 

measurements and length of symptoms at baseline were analyzed using t-tests to determine 

if differences between groups existed. An alpha level of 0.05 was set for these statistical 

tests.  

Four 2x3 mixed-model, analyses of variance (ANOVA) with repeated measures 

were  used to analyze the DASH scores, AROM of shoulder scaption, and strength 

measurements of shoulder abduction and external rotation between the groups at baseline, 

and after five weeks and eight weeks of exercise intervention. The alpha level for this 

testing was set at α = 0.0125 in order to decrease the likelihood of a type I error. Post hoc 

testing was then performed to investigate the significant interaction or main effects found 

in the main analysis. Pearson correlation coefficients were calculated to describe the 

relationships between the self-reported outcome measure of upper extremity function level 

(DASH scores) and the performance outcome measurements (AROM, strength).  
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CHAPTER IV 

RESULTS 

Participants 

Fifty-one patients were screened for eligibility to participate in the study from 

February 2012 to January of 2014 with 34 being enrolled into the study. Seventeen patients 

were excluded from the study either due to not meeting qualifying criteria or declining to 

participate due to time constraints or financial reasons. Following group allocation, there 

were 17 participants in each group. One enrolled participant in the concentric group 

dropped out at three weeks due to an unrelated medical issue. Sixteen participants in the 

concentric group and seventeen participants in the eccentric group completed the fifth-

week assessments. Three participants in the concentric group withdrew after five weeks, 

one due to traveling out of state and two for financial and work conflict reasons. As a 

result, a total of thirty participants completed the 8-week study and the final assessments, 

13 in the concentric group and 17 in the eccentric group. The CONSORT diagram in 

Figure 4 summarizes the screening, enrollment, and randomization of participants.  

The characteristics of the participants are summarized in Table 1, including  age, 

gender, side of involved shoulder, duration of symptoms, and baseline measurements of 

shoulder pain (NPRS score), upper extremity function (DASH score), shoulder pain-free 

active range of motion (AROM), and shoulder strength expressed as torque produced in 

abduction and external rotation. Independent t-tests performed on the baseline outcome 
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measures as well as the participant age and duration of symptoms data revealed no 

significant differences between the concentric and eccentric exercise groups. The 

independent t-test p-values are presented in Table 1. At baseline, there was a similar 

distribution of gender between the groups with six men and 10 women in the concentric 

group and eight men and nine women in the eccentric group.  

Outcome Measurements 

 The descriptive data for the outcome measures of DASH score, pain-free scaption 

AROM, pain-free abduction torque, and pain-free external rotation torque are presented in 

Table 2. The results of four 2 x 3 mixed-model ANOVAs with repeated measures 

calculated for each outcome measure showed no significant interaction of treatment group 

by time for: (a) DASH score (F = 0.049, (df = 1.52), p = 0.913, (b) scaption AROM (F = 

2.513, (df = 1.16), p = 0.119), (c) pain-free abduction torque (F = 1.059, (df = 1.30), p = 

0.330), and (d) pain-free external rotation torque (F = 0.234, (df = 2), p = 0.792) using α = 

0.0125 after a Bonferroni correction.  The Greenhouse-Geisser correction was used to 

account for the violation of sphericity assumption for all variables except external rotation 

torque for which the assumption was met. The main effect of time was significant for all 

four outcome measures (p < 0.001) again using the Greenhouse-Geisser correction for all 

variables but external rotation torque. The ANOVAs were calculated excluding cases with 

missing data for the 8-week final assessment. Post-hoc analyses revealed significant 

improvements for all of the outcome measures from baseline to week five (p ≤ 0.003), 

regardless of group assignment. All outcome measures except scaption AROM (p > 0.999) 
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continued to show significant improvement from week five to week eight (p ≤ 0.039). 

Figures 5 through 8 illustrate the change over time of each of the outcome measures: 

DASH score, pain-free scaption AROM, pain-free abduction torque, and pain-free 

external rotation torque, as well as the significance of the changes for each time period. 

 



93 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

   

 

 

Figure 4: The CONSORT diagram 

 

Assessed for 

eligibility 

(n=51) 

Enrollment 

Excluded (n=17) 

 Did not 

qualify 

(n=13) 

 Refused to 

participate 

(n=4) 
 

Randomization 

GROUP 1 

Concentric Exercise (n=17) 

Allocated to intervention 

(n=17) 

Received intervention (n=17) 

Did not receive intervention 

(n=0) 
 

GROUP 2 

Eccentric Exercise (n=17) 

Allocated to intervention 

(n=17) 

Received intervention (n=17) 

Did not receive intervention 

(n=0) 

Allocation 

Outcomes evaluated and 

analyzed (n=16) 

Withdrew (n=1) 

Outcomes evaluated and 

analyzed (n=17) 

Withdrew (n=0) 

Week 5 

assessment 

Outcomes evaluated and 

analyzed (n=15) 

Withdrew (n=3) 

Outcomes evaluated and 

analyzed (n=15) 

Withdrew (n=3) 

Outcomes evaluated and 

analyzed (n=13) 

Withdrew (n=3) 

Outcomes evaluated and 

analyzed (n=17) 

Withdrew (n=0) 

Week 8 

assessment 
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Table 1  

 

Means and Standard Deviations of Participant Characteristics at Baseline. 

 

Note. M = male; F = female; NPRS = Numeric Pain Rating Scale; DASH = Disabilities 

of the Arm, Shoulder, and Hand; AROM = active range of motion 

 

 

Concentric  

Exercise 

(n=13) 

Eccentric 

Exercise 

(n=17) 

All 

 

(n=30) 

t-test  

p-value 

 

Gender  (M/F) 6/7 8/9 14/16  

Age (in years) 47.2± 14.7 48.8 ± 16.5 48.1 ± 15.5 0.786 

Involved shoulder  

(R/L) 
6/7 10/7 16/14  

Duration of symptoms  

(in months) 
23.0 ± 27.8 28.2 ± 23.6 25.9 ± 25.3 0.593 

Baseline pain (NPRS) 2.5 ± 1.5 1.7 ± 1.6 2.1 ± 1.6 0.142 

Baseline DASH score 22.1 ± 6.9 25.9 ± 10.3 24.2 ± 9.0 0.267 

Baseline  shoulder  

pain-free scaption 

AROM (°) 

129.4 ± 35.1 112 ± 37 119.7  ± 36.7 0.213 

Baseline shoulder  

pain-free abduction  

torque  

(in inch-pounds) 

171.1 ± 108.4 168.0 ± 111.8 169.3± 108.4 0.940 

Baseline shoulder  

pain-free external  

rotation torque  

(in inch-pounds) 

107.7 ± 95.9 127.3 ± 100.4 118.8± 97.3 0.592 
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Table 2 

 

Means (M) and Standard Deviations (SD) for Disabilities of the Arm, Shoulder, and 

Hand (DASH), Shoulder Scaption AROM, and Shoulder Abduction and External Rotation 

Torque.  

 

 

Note. DASH = Disabilities of the Arm, Shoulder, and Hand; AROM = active range of 

motion.  

 

 

 

 

 

 

All
 

 (n = 30) 

Concentric Exercise 

Group 

(n = 13)
 

 

Eccentric  

Exercise Group
 

(n = 17) 

 

DASH 

  Baseline 

  Week 5
 

  Week 8
 

 

 

24.2 (9.0)
 
 

13.3(7.9)
 
 

10.1 (9.9)
 
 

 

 

22.1 (6.9)
 

11.7 (6.6)
 

8.4 (6.7)
 

 

 

25.9 (10.3) 

14.6 (8.7) 

11.5 (11.8) 

 

Scaption AROM (°) 

  Baseline 

  Week 5 

  Week 8 

 

119.7 (36.7)
 
 

142.8 (24.3)
 
 

144.9 (26.7)
 
 

129.3 (35.1)
 

141.9 (25.7)
 

143.7 (31.3)
 

112.3 (37.1) 

143.4 (24.0) 

145.7 (23.6) 

Abduction torque 

(in-lbs) 

  Baseline 

  Week 5 

  Week 8 

 

 

169.3 (108.4)
 
 

219.6 (123.7)
 
 

271.9 (152.3)
 
 

 

171.1 (108.4)
 

193.9 (110.6)
 

259.4 (138.4)
 

 

168.0 (111.8) 

239.3 (132.8) 

281.5 (165.6) 

External rotation torque 

(in-lbs) 

  Baseline 

  Week 5 

  Week 8 

 

 

118.8 (97.3)
 
 

159.1 (113.3)
 
 

195.9 (120.2)
 
 

 

 

107.7 (95.9)
 

140.2 (103.1)
 

186.1 (122.5)
 

 

 

127.3 (100.4) 

173.5 (121.7) 

203.5 (121.7) 
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Figure 5: Disabilities of the arm, shoulder, and hand questionnaire scores of all 

participants at baseline, week 5 and week 8   

 

Figure 6: Pain-free scaption active range of motion of all participants at baseline, week 5 

and week 8 
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Figure 7: Shoulder abduction torque of all participants at baseline, week 5 and week 8 

 

  

Figure 8: Shoulder external rotation torque of all participants at baseline, week 5 and 

week 8
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Correlations between Outcome Measures 

 

Pearson product correlations were calculated to determine the relationships between 

the shoulder outcome measures of DASH score, pain-free scaption AROM, pain-free 

abduction torque, and pain-free external rotation (ER) torque at each of the three time 

periods (baseline, week 5 and week 8). At baseline, the shoulder scaption AROM and the 

strength measurements were significantly positively correlated with one another (r = 0.46 

abduction, r = 0.44 ER). The participants’ self-reported outcome measure of the DASH 

demonstrated weak negative correlations with scaption AROM (r = -0.39) and ER strength 

measurements (r = -0.37) at baseline but no significant correlation with abduction strength. 

At week five the shoulder scaption AROM and the strength measurements remained 

significantly correlated with each other (r = 0.51 abduction, r = 0.49 ER). In addition, the 

DASH score was negatively correlated with all of the outcome measures (r = -0.68 

scaption, r = -0.37 abduction, r = -0.38 ER). The negative correlation between the DASH 

score and scaption AROM indicates that the greater scaption AROM that the participants 

had, the less disability the participants reported on the DASH.  

At week eight, the shoulder scaption AROM and strength measurements continued 

to be significantly correlated with each other (r = 0.49 abduction, r = 0.50 ER). The DASH 

score was now only significantly correlated with the scaption AROM measurements  

(r = -0.52).  Tables 3-5 are correlation matrices of the relationships between all outcome 

measurements at baseline, week five and week 8 eight week respectively. 
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Table 3 

Correlation Matrix for the Relationships (Pearson Correlation Coefficients) Between 

Baseline Disabilities of the Arm, Shoulder, and Hand Score, Scaption Active Range of 

Motion, Shoulder Pain-free Abduction and Pain-free External Rotation Torque 

Note. DASH = Disabilities of the Arm, Shoulder, and Hand; AROM = active range of 

motion. * Correlation is significant at the 0.05 level (2-tailed) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 DASH 

shoulder 

scaption 

AROM 

shoulder 

abduction 

torque 

shoulder 

external 

rotation 

torque 

DASH 1 

 

-0.386* 

 

 

-0.291 

 

 

-0.368* 

 

shoulder scaption AROM 
 

 
1 

 

0.463* 

 

 

0.437* 

 

shoulder abduction torque 
 

 

 

 
1 

 

0.849* 

 

shoulder external rotation 

torque 

 

 

 

 

 

 

 

 

 

1 
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Table 4  

Correlation Matrix for the Relationships (Pearson Correlation Coefficients) Between 

Week 5 Disabilities of the Arm, Shoulder, and Hand Score, Scaption Active Range of 

Motion, Shoulder Pain-free Abduction and Pain-free External Rotation Torque 

 
 

DASH 

shoulder 

scaption 

AROM 

shoulder 

abduction 

torque 

shoulder 

external 

rotation 

torque 

DASH 

 

1 

 

-0.683* 

 

 

-0.366* 

 

 

-0.377* 

 

shoulder scaption AROM 

 

 

 

 

1 

 

0.507* 

 

 

0.488* 

 

shoulder abduction torque 

 

 

 

 

 

1 

 

0.903* 

 

shoulder external rotation 

torque 

 

 

 

 

 

 

 

 

 

 

1 

Note. DASH = Disabilities of the Arm, Shoulder, and Hand; AROM = active range of 

motion. * Correlation is significant at the 0.05 level (2-tailed) 
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Table 5 

 

Correlation Matrix for the Relationships (Pearson Correlation Coefficients) Between 

Week 8 Disabilities of the Arm, Shoulder, and Hand Score, Scaption Active Range of 

Motion, Shoulder Pain-free Abduction and Pain-free External Rotation Torque 

 

 
 

DASH 

shoulder 

scaption 

AROM 

shoulder 

abduction 

torque 

shoulder 

external 

rotation 

torque 

DASH 

 

1 

 

-0.516* 

 

 

-0.137 

 

 

-0.126 

 

shoulder scaption AROM 

 

 

 

 

1 

 

0.491* 

 

 

0.498* 

 

shoulder abduction torque 

 

 

 

 

 

1 

 

0.906* 

 

shoulder external rotation 

torque 

 

 

 

 

 

 

 

 

 

 

1 

Note. DASH = Disabilities of the Arm, Shoulder, and Hand; AROM = active range of 

motion. * Correlation is significant at the 0.05 level (2-tailed) 
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CHAPTER V 

DISCUSSION 

 Research literature has demonstrated that exercise is an effective intervention for 

the treatment of subacromial impingement syndrome (SAIS) and that exercise targeting 

the scapular muscles as well as the rotator cuff muscles results in reduced pain and 

improved function (Baskurt, et al., 2011;  Kelly, et al., 2010; Kromer, et al., 2009; Kuhn, 

2009; Michener, et al., 2004; Trampas & Kitsios, 2006). Futher, the existing research for 

the exercise treatment of tendinopathy at the Achilles tendon, patellar tendon, and wrist 

extensor tendon suggests that eccentric exercise provides greater benefit in terms of pain 

reduction, improved function, and tendon healing than traditional concentric or 

concentric-eccentric exercise regimens (Andres & Murrell, 2008; Kingma, et al., 2007; 

Lorenzen, et al., 2010; Mafi, et al., 2001; Malliaras, et al., 2008; Woodley, et al., 2007). 

The primary purpose of this study was to compare the effectiveness of an eccentric 

progressive resistance exercise (PRE) intervention to a concentric PRE intervention over 

eight weeks in adults who have SAIS. The exercise interventions in the current study 

included exercises for both the scapular and rotator cuff muscles performed primarily in 

reduced gravity positions of supine, sidelying, and prone in order to decrease trunk and 

scapular compensatory motions. The participants were randomly assigned to either a 

concentric resistance or an eccentric resistance exercise group with both groups 
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performing the same exercises. However, each group performed the contraction type 

determined by their group assignment. The outcome measures included upper extremity 

function level, pain-free shoulder scapular elevation active range of motion (AROM), and 

pain-free shoulder strength. A secondary purpose of the study was to determine if five or 

eight weeks of intervention was adequate to achieve significant changes in the shoulder 

outcome measures for patients with SAIS regardless of the type of exercises (i.e. 

concentric or eccentric).  A third purpose of the study was to examine correlations 

between the participants’ self-reported measure of function level and the physical 

measures of shoulder AROM and strength. 

Summary of Findings 

The first research question raised by this study was: would there be significant 

differences in upper extremity function, pain-free shoulder AROM, and pain-free 

shoulder strength in adults with SAIS who performed eccentric exercise versus those who 

performed concentric exercise after five and eight weeks of PRE intervention? Our 

hypothesis was that adults who completed the eccentric PRE intervention would 

demonstrate significantly greater improvements in the outcome measures after five and 

eight weeks of intervention than the concentric PRE intervention group. The results of 

four separate 2 x 3 mixed-model ANOVAs with repeated measures, one performed for 

each dependent variable, revealed that there were no significant interactions between 

group and time, leading us to reject our hypothesis and accept the null hypothesis. The 
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results indicate that there were no significant differences in any of the outcome measures 

between the concentric and eccentric PRE groups. These findings are contrary to the 

findings of concentric to eccentric exercise comparisons for treatment of tendinopathy of 

the Achilles, patellar, and wrist extensor tendons which found better functional outcomes 

for persons performing eccentric exercises (Croisier, et al., 2007; Jonsson & Alfredson, 

2005; Mafi et al., 2001; Tyler, et al., 2010). The aforementioned studies also found better 

pain reduction but did not assess strength or ROM. The eccentric exercises in the 

Achilles and patellar tendon studies performed daily exercises in the painful range so it is 

possible that the intensity, load, and frequency of the exercises may have resulted in the 

functional differences found in those studies compared to our study. The only study to 

compare concentric to eccentric exercises in persons with SAIS compared two groups 

performing the same concentric-eccentric traditional exercises, but one group performed 

additional heavy load eccentric exercises as well (Maenhout, et al., 2013). The Maenhout 

et al. (2013) study found no significant differences on the shoulder pain and disability 

index (SPADI) functional outcome score, but reported better shoulder abduction strength 

in the eccentric group only at 90° of abduction after 12 weeks of intervention. Again, the 

difference in exercise dosage could account for the different findings between our study 

and the Maenhout et al. (2013) study. The resistance load and volume of exercise in our 

study was the same for both groups in terms of percentage of predicted 1RM used and 

number of sets and repetitions performed. Our study elected to use submaximal eccentric 

resistance (70-80% of predicted 1RM) to lessen the possibility of pain or injury during 
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exercise in our participants. Many of the studies of eccentric exercise effects in other 

tendinopathies used supramaximal eccentric resistance and advocated exercising above 

the pain threshold (Alfredson, et al., 1998; Jonsson, et al., 2006; Jonsson & Alfredson, 

2005). This approach is thought to have a greater effect on tendon properties and healing. 

One reason that this may be difficult to accomplish is that it is difficult to convince 

referring physicians to allow their patients to enroll in such a program. The most recent 

literature investigating the effects of eccentric exercise on muscles and tendons suggests 

that the changes in the tissues are mainly due to resistance training load and intensity 

rather than contraction type, and suggest that prior evidence of the superiority of 

eccentric training is weak (Malliaras, Kamal, et al., 2013; Malliaras, Barton, et al., 2013).  

The second research question asked in the study was: would there be significant 

differences in upper extremity function level, pain-free shoulder scaption AROM, and 

pain-free shoulder strength between assessments at five and eight weeks of PRE 

intervention in adults with SAIS? Our hypothesis was that adults who performed PRE 

interventions would demonstrate significant improvement in the shoulder outcome 

measures after both five and eight weeks of intervention. The ANOVAs showed a 

significant main effect of time on all four outcome measures, indicating that all 

participants (both groups) made significant improvements after eight weeks for all of the 

outcome measures. Our findings agree with the findings of the other studies that eccentric 

resistive exercise in the treatment of SAIS results in improved function and improved 

strength (Bernhardsson, et al., 2011; Camargo, et al., 2012; Jonsson, et al., 2006).  Post-
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hoc analysis also revealed that all of the outcome measures demonstrated significant 

improvement from baseline to week 5.  From week 5 to week 8, all participants continued 

to make significant improvements in all outcome measures except scaption AROM. In 

addition, the results demonstrated that significant improvement occurred by week 5 for all 

outcomes with the greatest change in scaption AROM and function (DASH scores) 

occurring in that time frame.  Strength gains, while significant at week 5, continued to 

increase significantly up to week 8. These results allow us to reject the null hypothesis and 

accept the research hypothesis, indicating that adults with SAIS who performed the PRE 

interventions in our study would demonstrate significant improvement in the DASH 

score, pain-free shoulder scaption AROM, as well as pain-free shoulder abduction and 

external rotation strength after eight weeks of PRE intervention. The mean improvement 

on the DASH exceeded the MCID of 10 points by the week 5 assessment with only 3 

points additional improvement at week 8 (Gummesson, et al., 2003, Roy, et al., 2009). Our 

findings suggest that significant ROM and functional improvements occurred primarily in 

the first five weeks of treatment approaching normal limits in that time frame. Strength 

gains improved in that same five week time frame but continued to improve even after 

ROM and functional scores were no longer improving significantly. 

The third and final research question posed for this study was: would there be 

significant correlations between the self-reported measure of shoulder function level 

(DASH scores) and the measurements of shoulder scaption AROM and shoulder 

strength? Our hypothesis was that there would be significant negative correlations 
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between the self-reported measure of shoulder function and the measurements of 

shoulder scaption AROM and shoulder strength. Pearson product correlations were 

calculated to determine the relationship between the outcome measurements at the 

baseline, week 5 and week 8 assessments. The results indicated that the measurements of 

shoulder scaption AROM and shoulder abduction and external rotation torque were 

significantly positively correlated with one another at all three time points.  The strongest 

correlations across the three time periods were between the two torque measurements (r = 

0.85 to 0.91, p < 0.001) with moderate correlations between scaption AROM and torque 

measurements (r = 0.44 to 0.51, p < 0.016). The self-reported measurement of the DASH 

demonstrated a weak significant negative correlation with scaption at baseline (r = -0.39, 

p = 0.035), but a moderate significant negative correlations by week 5 (r = -0.68, p < 

0.000) and week 8 (r = -0.52, p = 0.003). Roach, Budiman-Mak, Songsiridej, and 

Letratanakul (1991) found a similar negative correlation between shoulder ROM and 

function in the development of the SPADI, a shoulder-specific outcome measure. 

Scaption AROM was found to correlate significantly with specific functional activities 

such as “combing hair”, “reaching high shelf”, and “lifting above shoulder level” (r = 

0.55-0.69) in a study of patients with shoulder pain, indicating that greater scaption 

AROM resulted in improved ability to perform the task in question (Triffitt, 1998). The 

findings of our study demonstrate that with the exercise interventions, as the participant’s 

scaption AROM improved, their DASH score decreased which is indicative of improving 

upper extremity function. We therefore rejected the null hypothesis and accepted the 
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research hypothesis that there was a significant correlation between the self-reported 

measures of the DASH and the measurement of shoulder scaption AROM by the 

completion of the eight week intervention. 

The DASH score in the current study was not significantly correlated with the 

shoulder abduction torque at baseline or week 8 but was weakly negatively correlated at 

week 5 (r =-0.37, p = 0.047). Shoulder external rotation torque measurements 

demonstrated weak negative correlations with the DASH at baseline and at week 5 (r = -

0.37 to -0.38, p < 0.046) but no significant correlation at week 8. The results of these 

correlation analyses suggest that the shoulder torque measures are weakly correlated with 

the DASH after the first month of intervention with increasing strength resulting in 

improved DASH scores but this correlation weakens further to become non-significant by 

the end of the second month. This finding could indicate that additional strength gains did 

not yield any further significant functional improvement after the first month.  We 

therefore would accept the null hypothesis that there was not a significant correlation 

between the self-reported measure of the DASH and the measurements of shoulder 

abduction and external rotation strength after eight weeks of intervention, but could reject 

the null hypothesis for the correlations at week 5. Our findings at week 5 for external 

rotation torque agree with those of Getahun et al. (2000) who found a moderate 

significant correlation (r = 0.42) between the DASH and external rotation strength in 

persons at least two years post rotator cuff repair, but the findings at week 8 are more 

similar to the finding of no correlation between shoulder external rotation strength and 
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the DASH scores in asymptomatic individuals (Roy, et al., 2009). The DASH score has 

also been significantly negatively correlated with shoulder strength and AROM in other 

populations with shoulder pathology, such as rheumatoid arthritis and breast cancer 

patients (Harrington, Padua, Battaglini, & Michener, 2013; Slungaard & Mengshoel, 

2013). It is likely that our participants who demonstrated mild pain levels and high 

functional level with minimal tissue pathology were functioning closer to the 

asymptomatic individuals as reported by Roy et al. (2009) than the groups with more 

significant pathology or post-surgical shoulders. The correlation results of this study 

appear to indicate that scaption AROM was most strongly associated with the improved 

shoulder function level demonstrated by our study population.  

Characteristics of Participants 

Fifty-one volunteers were assessed for participation in this study with 17 being 

excluded either due to not meeting inclusion criteria, having conditions that disqualified 

them from participation, or declining to participate due to financial or time constraint 

reasons (Figure 2). Participants were recruited from patients referred to Texas Health 

Resources (THR) Presbyterian Hospital outpatient rehabilitation services for treatment of 

shoulder pain and from volunteers with shoulder pain who responded to flyers and word 

of mouth at the Texas Woman’s University (TWU), Dallas campus. While the sample in 

this study was drawn from the Dallas metropolitan area, it was assumed that this sample 

would be similar to the patients who have SAIS in other regions of the country.  
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Of the 34 participants enrolled in the study, only one person withdrew due to 

surgery for an unrelated medical condition. This individual dropped out before beginning 

the exercise intervention determined by group assignment and was therefore excluded 

from data analysis. All of the remaining 33 participants completed the study to the week 

5 assessments (8 sessions) and 30 (91%) of these participants completed all 16 sessions 

of the study. All of the drop-outs were in the concentric group (n=3) and were treated at 

the THR site. However, the three participants that dropped out did so due to financial or 

time constraints and not due to any adverse outcomes from the interventions of the study. 

While the intent was to see each participant twice a week for eight weeks, the reality was 

that some participants took longer to reach the 16 sessions of intervention due to illness, 

schedule conflicts, weather events, and other unforeseen circumstances. All participants 

completed the sessions in 13 weeks or less with the average attendance being 10 weeks 

for the concentric group and 9.6 weeks for the eccentric group with no significant 

difference found between the groups following a t-test analysis (p = 0.26). 

The mean overall age of the participants in the study was 48.8 years with a range 

from 23 years to 80 years of age. The most represented age group in the study was 51 to 

60 years old, the age at which the literature indicates the incidence of SAIS and the 

likelihood of rotator cuff tear begin to increase (Allander, 1974; Greving, et al., 2012; 

Tekavec, et al., 2012). Independent t-tests performed at baseline revealed that there were 

no significant differences in age between the exercise groups with the mean age for the 

concentric group being 47.2 years and the eccentric group 48.8 years. As one would 
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expect, the mean age of the participants treated at the hospital outpatient site was 

significantly older than the participants treated at the TWU site with mean ages of 56.3 

years and 39.9 years respectively. Of the 30 participants who completed the study, 14 

were men and 16 were women with six men in the concentric group and eight men in the 

eccentric group. It is important that the sample be equally distributed in regards to age 

and gender since there are documented differences in the response to PRE training 

between men and women as well as younger and older individuals (Ivey, et al., 2000; 

Kell, 2011; Martel, et al., 2006). Baseline t-test analysis of the outcome measures of 

shoulder pain (NPRS), shoulder function (DASH), pain-free shoulder flexion and 

scaption AROM, and pain-free shoulder abduction and external rotation strength (torque) 

as well as the duration of symptoms indicated that there were no significant differences 

between the two exercise groups prior to beginning the study intervention (Table 1). In 

reviewing the duration of symptoms in the study participants, there were potentially two 

different levels of acuity that existed in our participants. Half (n=15) of the total number 

of participants reported symptoms being present for less than a year, whereas the other 

half reported symptoms existing for more than a year. The mean symptom duration was 

not significant between the groups (p = 0.59) with a mean of 19.2 months in the 

concentric group and 28.2 months for the eccentric group. The variability was high 

ranging from three weeks to eight years. Because the literature indicates that chronic 

tendinopathy presents with a lack of inflammatory markers and different histopathology 

than acute tendinopathy, the participants at the extremes of the symptom duration range 
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may respond to exercise interventions differently, and thus may affect the results of our 

study. 

Compliance 

The compliance rate of scheduled versus attended supervised exercise sessions in 

the clinic was 96.9% for all participants. The eccentric group, which had no drop-outs, 

had a 99.3% compliance rate and only a few missed sessions, whereas the concentric 

group had a 94.5% compliance rate due to the three participants who did not complete the 

entire eight-week intervention program. The compliance rate of both groups demonstrates 

excellent attendance and participation. In addition, both groups were asked to perform the 

same daily home exercise program (HEP) of four stretches and AROM of shoulder 

flexion and abduction using a mirror for feedback to reduce scapular elevation or trunk 

compensatory movements. The participants kept an exercise log to record the days that 

they performed their home exercises. These logs were turned in at the end of the study. 

The concentric group compliance was 78% and the eccentric group compliance was 77%.  

The assumption is that the participants were honest in their recording of their home 

exercise compliance, thus as with the attendance compliance, both groups literally have 

the same HEP compliance. Therefore, compliance was a positive factor for both groups 

and was not a source of variation between the groups that would impact the results of the 

study. The high compliance rate likely impacted the improvement over time seen in all 

participants as research has indicated that better appointment attendance and home 

program compliance are strong predictors of better outcomes in musculoskeletal 
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conditions (Deutscher, et al., 2009). The Deutscher et al. (2009) study found a clinic 

attendance compliance rate of 88.9% and HEP compliance rate of 69.8% for shoulder 

conditions amongst 5,252 patients treated in physical therapy outpatient clinics in Israel 

in 2007. The mean number of patient visits for shoulder treatment in that study was 8.5 ± 

5.5. A study comparing patients with SAIS who received exercise and manual therapy to 

an exercise and manual therapy group that also received a corticosteroid injection 

demonstrated a mean compliance rate of 88% for 12 weeks of intervention in 232 

participants who attended a mean of six physical therapy sessions (Crawshaw, et al. 

2011). Bennell et al. (2010) reported 91% compliance in the physical therapy treatment 

group and 93% compliance in the sham ultrasound group for 10 physical therapy sessions 

over 12 weeks in 120 patients with chronic rotator cuff disease. The physical therapy 

treatment group in the Bennell et al. (2010) study also demonstrated 82% HEP 

compliance during the clinic treatment phase (12 week) and 70% HEP compliance in the 

subsequent 10 week follow-up period after discharge from the clinic. Compared to the 

above-mentioned studies, the patient clinic attendance in our study was slightly higher, 

16 patient visits for a mean of 9.5 weeks, but HEP compliance was similar. The high 

compliance percentage could contribute to the positive outcomes in this study. 

In our study, RM testing was used in strength training in order to provide a 

baseline level of effort and was repeated during the course of treatment. RM testing 

provides a standardized method of progressing training resistance toward a goal such as 

improving strength, power, or endurance. Studies have shown that self-selected resistance 
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is not adequate to produce strength and hypertrophy gains desired in exercise training 

compared to load prescriptions using 1RM (Elsangedy, et al., 2013; Glass & Stanton, 

2004; Kemmler, et al., 2005). The majority of the physical therapy literature describing 

exercise interventions does not provide a description of how the resistance was initially 

selected or a protocol for progression of resistance. Bang & Deyle (2000) used elastic 

tubing of six resistance levels and performed a 10 RM to determine resistance level based 

on the examiner’s observation of movement quality and subject’s responses with regard 

to fatigue and pain. The authors indicated that tubing resistance was adjusted accordingly 

throughout the study. Bennell et al. (2010) detailed specific exercises for the shoulder 

using hand weights and theraband but did not discuss how the resistance was selected or 

progressed. In contrast, several studies using a 6RM or 10RM submaximal testing 

described how they arrived at the initial resistance and also described the re-testing 

procedure for progressing resistance (DeMey, Danneels, Cagnie, & Cools, 2012; 

Lombardi, et al., 2008). The inclusion of RM testing and of a structured protocol for 

resistance selection and progression is important not only for replication of a study but 

also to determine if the research is comparing similar loads and volumes of resisted 

exercise. The use of a 20RM test and an equation in this study to predict each 

participant’s 1RM was done in order to standardize the selection of the initial resistance 

of 70% of the predicted 1RM. This predicted initial resistance was adjusted if pain or 

poor exercise control were observed when the patient used this resistance during exercise. 

In general, we found our predictions to be indicative of the participant’s level of ability. 
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However, the use of the 1RM testing could have potentially reduced the likelihood of 

significant differences between the two groups because the testing protocol uses both 

concentric and eccentric motions in the testing and both groups of participants were 

tested at baseline and two additions times over the course of the study. 

 Our study has demonstrated that the use of a submaximal exercise testing 

protocol is a safe method for selecting and progressing resistance to be used during 

shoulder rehabilitation exercises. Many of the participants in the study were older adults 

who had no experience with resisted exercises. The inclusion of two sessions for exercise 

technique instruction and practice with light resistance prior to exercise testing resulted in 

no injury in our study from exercise testing. Submaximal RM testing allowed the treating 

therapist to use a formula to safely predict each individual’s 1RM for each exercise. The 

submaximal RM testing used in this study was based on a protocol requiring participants 

to lift a weight that they were able to lift but for less than 20 repetitions. The prediction 

formula used the number of repetitions lifted and the weight used in order to calculate a 

predicted 1RM.This predicted 1RM can then be used to calculate 70% of that predicted 

1RM as a starting point in selecting the resistance to be used during therapy exercises.  

This process resulted in significant strength gains without increasing pain or causing 

injury. With the increased cost of rehabilitative care and out of pocket expenses for 

patients, it is important that exercise dosing be appropriate in order to accomplish 

meaningful strength and functional gains in an efficient amount of time.  Because the first 

two weeks of the study involved exercise instruction and testing using both concentric 
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and eccentric motions for both groups, we cannot discount the impact that those exercise 

sessions might have had on the improvement in the outcome measures prior to the group 

specific training. 

Limitations 

There were several limitations in this study that may have impacted the finding 

that there were no significant differences between the exercise groups on any of the 

outcome measures. The effect sizes of the outcome variables were small and the power of 

the repeated measures ANOVA analyses of the interaction of group by time for the 

variables was low, with the exception of scaption ROM: (a) DASH d = 0.09, β = 0.015, 

(b) scaption ROM d = 0.60, β = 0.177, (c) abduction torque d = 0.39, β = 0.073, and (d) 

external rotation torque d = 0.18, β = 0.025. These small values for effect size and power 

decrease the probability of finding a true difference between the groups if one exists. 

The range of motion and strength measurements in this study may have been 

impacted by the use of pain-free motion and effort as opposed to full possible motion and 

maximum effort. Participants were instructed to perform ROM and strength assessments 

as far or as hard as they were able to without causing increased pain. Examiners indicated 

that despite this emphasis, some participants performed in the painful range which likely 

introduced variability in the repeat assessments based on each participant’s subjective 

understanding of the concept of “pain-free”. 

The use of dumbbell resistance as opposed to isokinetic resistance for the exercise 

intervention may have obscured significant differences in the outcome measures between 
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the groups. Our intention was to develop an exercise program that can be used in any 

physical therapy clinic with equipment commonly found in the majority of facilities. 

Isokinetic equipment is more often found in research facilities and is cost prohibitive for 

many small community physical therapy facilities. Isokinetic exercise equipment has 

been used in studies examining the effects of eccentric exercise in tendinopathy of the 

wrist extensors and shoulder while most of the Achilles and patellar tendon research has 

used weight-bearing, body-weight-lowering exercises (Camargo, et al., 2012; Croisier, et 

al., 2007; Jonsson & Alfredson 2005; Mafi, et al., 2001). The comparatively lighter 

resistances used for midscapular and rotator cuff muscle training coupled with larger 

ROM in shoulder motions provided an optimal setting for the use of dumbbell resistance 

to compare concentric and eccentric exercises for the shoulder. While the treating 

physical therapist in this study made every effort to isolate concentric or eccentric 

contractions performed by participants, it was not possible to completely prevent the 

participant from contracting their muscles or “helping” to perform the opposing 

contraction type during an isotonic free-weight exercise. Some participants were better 

than others at letting the treating physical therapist move the weight for them to the 

starting position of the exercise. Therefore a true dichotomy between concentric and 

eccentric contraction might not have been achieved with isotonic free-weight exercises as 

it might be achieved with isokinetic devices. Croisier et al. (2007) indicated that despite 

the “refinement in exercise dosage afforded by the isokinetic nature of the eccentric 

exercise” in their study, it would be beneficial to test eccentric exercises using a 
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“simpler” approach by using elastic bands or free weights. The authors also noted that 

issues such as return to start position, contraction intensity, and speed of motion would 

need to be addressed in a non-isokinetic approach (Croisier et al., 2007). The difficulty in 

controlling for the aforementioned issues in our study could contribute to the lack of 

significant differences between intervention groups.  

Another limitation of the current study was that it did not have a true control 

group who did not receive an intervention, thus we cannot determine how much of the 

improvement in pain level, function, AROM, and strength of the shoulders in persons 

with SAIS is due to the natural course of the condition versus the treatment interventions. 

Because our participants were referred to our clinic for treatment, it was not ethical to 

withhold treatment. 

Lastly, the length of the study intervention and the clinical nature of the study 

introduced confounding factors that could not be controlled for, such as motor vehicle 

accidents, falls, shoulder or other muscle strains from activities such as home remodeling 

and job activities. While patients were asked not to perform other upper extremity 

exercise programs while in the study, we could not control for incidents occurring in their 

lives that may have impacted their performance in the study. 

Conclusion 

The results of this study did not show significant differences in the outcome 

measures between concentric and eccentric shoulder PRE programs after 5 and 8 weeks, 

but demonstrated that both of the exercise protocols used in the study resulted in 
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significantly improved shoulder function, increased shoulder scaption AROM, and 

increased shoulder abduction and external rotation strength in all of our participants with 

SAIS. Significant improvement in all of the shoulder outcomes was found to occur after 

five weeks of exercise intervention with shoulder strength and function continuing to 

improve significantly at eight weeks. Self-reported function (DASH) showed significant 

negative correlation with shoulder scaption AROM after both five and eight weeks of 

study, and was weakly correlated with the strength outcome measurements at week 5 but 

not at week 8.  

Clinical Significance 

 The findings of this study indicate that supervised PRE for scapular and rotator 

cuff muscles performed twice a week for eight weeks may be beneficial in restoring 

function in patients with SAIS. These findings were true for both concentric and eccentric 

PRE programs. We found that significant improvements in shoulder function, shoulder 

scaption AROM and shoulder strength were made by five weeks with significant 

increases continuing up to the eighth week of the study. The lack of adverse events or 

outcomes during this study indicates that both submaximal eccentric and concentric 

resistive exercises are not harmful and may be beneficial in the treatment of SAIS. In 

addition, using a structured process to select and progress the resistance used in treatment 

sessions can help to maximize time spent in skilled, supervised, physical therapy 

treatment and potentially reduce health care costs. After these strength gains are achieved 

in the clinic efficiently, the patient can then be instructed in how to maintain their 
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strength using a home exercise program and the techniques they learned while 

performing a supervised PRE program.  

Recommendations for Future Study 

Future study recommendations would include performing this same comparison 

study, but more clearly isolate the group contraction type by using an eccentric RM 

testing protocol for the eccentric group and by ensuring that each group performs only the 

type of contraction during both exercise instruction and testing. Future studies would also 

benefit from grouping participants by symptom duration or acuity to ascertain whether 

participants with different levels of acuity respond to the exercise interventions 

differently. A similar study could also be accomplished using isokinetic equipment to 

clearly dichotomize the concentric and eccentric contraction effects on the shoulder 

outcome measures. 

Future research should investigate different intensities of resistive exercise to 

determine if exercise load, determined by resistance and repetitions, has specific effects 

on pain, function, strength, and ROM in persons with SAIS. In addition, future research 

could use ultrasound imaging to describe shoulder muscle and tendon morphology before 

and after concentric and eccentric PRE interventions. The correlation of architectural 

changes to measurements of shoulder AROM and strength could also be investigated
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 Intake Form 

 

 

Name: ___________________________  ID #: ______  Date:_____________________   

 

Sex:_____      Date of Birth:_____      Age:_____     Occupation:___________________ 

 

Dominant hand: Right Left 

 

Medical/Surgical History:  please check if you have ever had: 

    Arthritis      Stroke     Skin diseases  

 Broken bones/fractures               Multiple Sclerosis    Depression 

 Osteoporosis     Muscular Dystrophy             Head Injury 

 Blood disorders     Parkinson Disease    Ulcers/stomach  

 Circulation/vascular problems         Seizures/epilepsy       problems 

 Heart problems     Thyroid problems    Lung problems 

 High blood pressure    Cancer     Infectious disease 

 Kidney problems     Repeated Infections              Other___________ 

 Diabetes/high blood sugar    Low blood sugar/hypoglycemia      

 

1.How long have you had shoulder pain? (give approx. month and year it began) 

________________________________________________________________________ 

 

2. Please describe your pain by circling all that apply: 

 

Stiffness     Shooting     Throbbing     Numbness     Tingling 

Deep ache     Sharp     Superficial     Deep     Other:________________________ 

 

3. Please list anything that makes your shoulder pain WORSE: 

________________________________________________________________________  

________________________________________________________________________ 

 

4. Please list anything that makes your shoulder pain BETTER: 

________________________________________________________________________

________________________________________________________________________ 

 

5. Describe any previous treatment you have received for your shoulder if any for this 

current episode (please include injections and date received, therapy, chiropractor etc.) 

________________________________________________________________________  

________________________________________________________________________ 
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6. Have you had any previous shoulder problems?  YES    NO 

 

    Please list any prior injuries or treatment for shoulder problems below. 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

7. Have you had any x-rays, MRI, or CT scan studies of your shoulder?  

Please list and give dates of any of these procedures you have had. 

________________________________________________________________________ 

________________________________________________________________________ 

 

8. Have you ever had surgery?     Yes     No       

If yes, please list, describe, and include dates: Make sure to include any neck or 

shoulder surgeries. 

__________________________________________Month/Year____________________

__________________________________________Month/Year____________________ 

__________________________________________Month/Year____________________ 

9. Please list all prescription medications you are currently taking: 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

10. Please list any nonprescription medications or supplements that you are taking: 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

11. Do you currently exercise?  Yes     No:  (include sports and strenuous upper body 

activities)  If yes, please describe the type of exercise, how long, and how often you 

participate:_______________________________________________________________  

________________________________________________________________________ 

________________________________________________________________________ 
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Study ID:Pro00002948 Date Approved: 91112013 Expiration Date: 8/3112014 

DALLAS HOUSTON 

~ Texas Health 
~ Resources-

Healing Hands. Caring Hearts:-

THR Presbyterian Hospital, Dallas 
Outpatient Rehabilitation Services 

and the Texas Woman's University School of 
Physical Therapy 

We are recruiting people with shoulder pain 

for a research study comparing two treatment 

protocols for the rehabilitation of shoulder 

impingement syndrome. 

To be eligible to participate in the study you must: 

• Be 18 years of age or older 

• Have current shoulder pain, be referred to therapy by 

your physician or be seeking treatment. 

• Not have rheumatoid arthritis, fracture, dislocation, 

or surgery on the shoulder for which you are seeking 

treatrnentoryour neck. 

• Be willing to commit to attending 8 weeks of therapy 

treatments. 

If you are interested in participating or if you have 
questions about your eligibility to participate, please call 
or email Christiana Blume, PT, MS, OCS using the contact 
information below: 

ChristianaBlume@texashealth.org 

cblume@twu.edu 
or 

21.4-345-7388 

21.4-689--6745 
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~J~ Texas Health 
~ Resources 

Initial Approval Notice 

To: Christiana Blume 

CC: Christiana Biurne 

From: Martin Berk, MD, IRB Chair 
on behalf of Texas Health Resources Institutional Review Board (THR IRB) 

RE: Study Pro0000::!948 

Date: Tue Sep 6 08:50:42 CDT 201 I 

An Expedited Review was conducted for this study under the provisions of21 CFR 56.110 (a) (b) and 
45 CFR 46.110 (b) (I) category(s) 4 . 

The THR IRB Chair, or designee, has approved you to conduct research involving human subjects.• 
,i.:....e rt:view the following information summarizing the approval granted: 

Study No.: 

Study Title: 

Protocol 
Version: 

Pro00002948 

COMPARISON OF AN ECCENlRIC EXERCISE INTERVENTION TO A 
CONCENTRIC EXERCISE INTERVENTION IN ADULTS WITH 
SUBACROMIAL IMPINGEMENT SYNDROME. 
August 22, 2011 

Protocol Date: 8/22/2011 
Approval Period: 9/6/2011 through 9/5/2012 
Approved Via: Expedited 

( 4) Collection of data through noninvasive procedures (not involving 
general anesthesia or sedation) routinely employed in clinical practice, 
excluding procedures involving x-rays or microwaves. Where medical 
devices are employed, they must be cleared/approved for marketing. 
(Studies intended to evaluate the safety and effectiveness of the medical 

Category device are not generally eligible for expedited review, including studies 

4 of cleared medical devices for new indications.) Examples: (a) Physical 
sensors that are applied either to the surface of the body or at a distance 
and do not involve input of significant amounts of energy into the subject 
or an invasion of die subject's privacy; (b) Weighing or testing sensory 
acuity; magnetic resonance imaging; electrocardiography, 
electroencephalography, therrnography, detection of naturally occurring 

I of 3 10/16/2011 9:43 PM 
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2 of3 

Risk Level: 

Approved 
Sample Size: 

Principal 
Investigator: 

-.....~-·· ......... --ut,,a.,1U.J.V11!JMU~~,v, u vo'-1,.J"-J"\~V~ / -+ t VnOV\JI •. 

radioactivity, electroretinography, ultrasound, diagnostic infrared 
imaging, doppler blood flow, and echocardiography; moderate exercise. 
muscular strength testing, body composition assessment, and flexibility 
testing where appropriate given the age, weight, and health of the 
individual. 

Minimal Risk 

25 

Christiana Blume 

Co-Investigators: None 

Other Study Micbaelle Comer 
Staff: Mary Ann Johnson 

Ann Mitchell 

Funding 
Information: 

Joseph Bowen 
Patricia Knight 

Not Applicable 

Written, informed consent and authormtion, including a consent and authorization document 
signed by the subject or the subject's legally authori2Jed representative are required. 

To find the documents stamped with IRB approval for use in this research project, please follow the 
link below and click on the Documents tab. If not on this list, any documents to be used in the 
research must be reviewed and approved by the IRB before use in the research.: 
'rotJIH!IJ_2t)-4-," 

If your study involves waiving the authorization, please print out the approved study application and 
present it along with your approval letter when requesting access to protected health information 
(PHI). 

The research may not continue beyond the end of the new approval period, as indicated by the 
expiration date above. In order for the research to continue beyond that date, the IRB must first 
conduct continuing review and designate a new approval period. 

The IRB will send you a continuing review notice at least 30-60 days before the expiration date listed 
above. If not completely filled out, received, reviewed and approved by the IRB before the end of the 
expiration date above, enrollment of new subjects in the research must cease until IRB approval can 
be obtained. Continued involvement in the research of previously enrolled subjects may not continue 
unless explicitly approved by the !RB to prevent harm to subjects. 

Based on human research regulations and TIIR human subject research policies, the !RB emphasizes 
the following requirements in granting approval for this research project: 

10/ 16/2011 9:43 PM 
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I. Any changes, modifications, or amendments to any facet of the research must be reviewed and 
approved by the IRB before they can be initiated. 

2. All reportable adverse events and unanticipated problems involving risks to subjects or others 
must be reported to the IRB according to TIIR lRB policy requirements. This includes reporting 
to this Committee any death or serious reactions(s) resulting from this study. Please consult the 
TIIR IRB Policy and Procedure Manual for specific definitions and reporting time-frames and 
requirements. 

3. It is required to submit annual and terminal progress reports to the IRB and to receive 
continuing review of your activity annually by the IRB. 

Failure to submit the above reports may result in severe sanctions being placed on Texas Health 
Resources. All research-related records and documentation may be inspected by the I RB for the 
purposes of ensuring compliance with TIIR policies and procedures and federal regulations governing 
the protection of human subjects. The IRB has the right and authority to suspend or terminate its 
approval if TIIR and Federal requirements are not strictly adhered to by all study personnel. 

If applicable, the JCAHO standards related to patients taking part in research require that they 
be informed about the benefits, risks, alternative treatments, research procedures and refusal to 
participate. This information is contained in each approved research consent form. All 
in-patients and out-patients that are actively taking part in clinical research must have a copy of 
their signed consent form on their open medical records. 

If you have any questions or concerns, please contact the IRB Office at (682) 682-6746 or 
irb@texashealth.org. The IRB thanks you for your continued commitment to the protection of human 
subjects in TIIR research. 

•lbis submission was approved via electronic signature by the TIIR Chair or designee. 

612 E. L.armr Blvd. Suite 12 12 • Arlington, TX 760 11 (682) 236-6746 Fax (682) 
236-6756 

3 ofJ 10/16/201 I 9:43 PM 
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DENTON O!ll~S HOUSTON 

December 6, 20 LI 

Ms. Christiana Blume 
School of Physical Therapy 
Dallas - Presbyterian 

Dear Ms. Blume: 

Institutional Review Board 
Office of Research ond Sponsored Progroms 
PO. Box 425619, Denton, lX 76204-5619 
940-898-3378 FAX 940-898-4416 
e-mail IRB@twu edu 

Re: Comparison of an Eccentric Exercise lnlervenlion lo a Concentric Exercise ln/ervenlion in 
Adu/J~ wilh Subacromial Impingement Syndrome (Prolocol #: 16838) 

Your application to the IRB was reviewed and approved on 12/6/20 I 1. This approval is valid for one 
(I) year. The study may not continue after the approval period without additional IRB review and 
approval for continuation. It is your responsibility to assure that this study is not conducted beyond the 
expiratio~ date-:-

Any modifications to this study must be submitted for review to the !RB using the Modification 
Request Fo·rm. Additionally, the IRB must be notified immediately of any unanticipated incidents. If 
you have any questions, please contact the TWU IRB. 

A final report must be submitted to the IRB at the conclusion of the study. If using a consent form, 
copies of the signed informed consent are to be submitted with the final report before the study file can 
be dosed. · 

The Institutional Review Board is pleased to acknowledge your sense of responsibility for ethical 
research. If.you bave any questions concerning this review, please contact me at (214) 706-2461 or 
email SLin@twu.edu. 

Sincerely, 

Dr. Suh-Jen Lin, Chair 
Institutional Review Board - Da llas 

cc. Dr. Venita Lovelace-Chandler, School of Physical Therapy - Dallas 
Dr. Sharon Wang, School of Physical Therapy - Da llas 
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1
~ Texas Health 
~ Resources 

Christiana Blume 
,_·c: Christiana Blume 
From: Martin Berk, MD, !RB Ch::.:. 

On Behalf of the Texas Health Resources Institutional Review Board 

Please note that the Texas Health Institutional Review Board (TifR rRB). Chair or desiimee. ha~ 
approved the modification to the protocol summarizrd !::=.: . .. 

"Jn . 

Principal 
lnvestig;itor: 

Study Name: 

Approval Date: 

Approved via: 
Risk Level 

Summary of 
Modifications: 

Ame0000l368/Pro00002948 

Christiana Blume 

COMPARISON OF AN ECCENTRIC EXERCISE INTERVENTION TO A 
CONCENTRIC EXERCISE INTERVENTION IN ADl,1. TS V.1TH 
SUBACROMIAL IMPfNGEMENT SYNDROMF 
10/10/2011 

Expedited 
Amendment Minimal Risk 

Addition of Debra Daugherty, Anjana Shah, and Stacey Oliver to study staff. 
Removal of Dan Bowen from the study staff. Removai of mention of pnyoiw: 
therapy students as study staff in protocol. Data collection at TWU will occur but 
will be provided by Pl. Minor revisions to JCF. 

If applicable, to get to the documents stamped with the IRB Approval for use in this research project, 
please follow the link below and click on the Documents tab.(lf not on this list or previously approved 
by the IRB for use during the current approval period, any documents to be used in the research must 
be reviewed and approved by the !RB before use in the research): 

Pro00002948 

Based on human research regulations and 1HR human subject research policies, the IRB emphasizes 
the following requirements in granting approval for this research project: 

I . Any changes, modifications, or amendments to any facet of the research must be reviewed and 
approved by the IRB before they can be initiated. 

10/16/2011 9:42 PM 
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2. All reportable adverse events and unanticipated problems involving risks to subjects or others 
must be reported to the !RB according to TIIR !RB policy requirements. lbis includes reporting 
to this Committee any death or serious reactions(s) resulting from this study (please consult the 
TIIR IRB Policy and Procedure Manual for specific definitions and reporting time-frames and 
requirements). 

3. It is required to submit annual and terminal progress reports to the !RB and to receive 
continuing review of your activity annually by the !RB. 

Failure to submit the above reports may result in severe sanctions being placed on Texas Health 
Resources. All research-related records and documentation may be inspected by the IRB for the 
purposes of ensuring compliance with TIIR policies and procedures and federal regulations governing 
the protection of human subjects. The IRB has the right and authority to suspend or terminate its 
approval ifTIIR and Federal requirements are not strictly adhered to by all study personnel. 

The JCAHO standards related to patients taking part in research require that they be informed 
about the benefits, risks, alternative treatments, research procedures and refusal to participate. 
This information is contained in each approved research consent form. All in-patients and 
out-patients that are actively taking part in clinical research must have a copy of their signed 
consent form on their open medical records. 

If you have any questions or concerns, please contact the IRB Office at (682) 236-6746 or 

irb@texashealth.org. The IRB thanks you for your continued commitment to the protection of 
human subjects in TIIR research. 

10/16/201 I 9:42 PM 
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TWU INSTITUTIONAL REVIEW BOARD (IRB) 

MODIFICATION REQUEST FORM 

RECEIVED 

SEP 1 3 2012 
ltDfAAQf • SflOJ,:sot.EO l'ROOlt.A.\CS 
TEXAS WOMAN"S l/NIVERmY 

Complete this form when you would like to request a charce on an approved study. This change could 
be a change In the research team, data collection sites, protocol (e.g., compensation, study procedures, 
etc.), and/or the Informed consent. Submit this signed form along with copies of any new or mOdlfled 
materials you d"scribe below to the IRB. NOT£; You may not Implement any ctarces to an IR&-appryyed 
study until Your Modification Request has been approyed. 

PRINOPAL INVESTIGATOR: Christiana L. Blume, PT, PhD (c), OCS 

DATE APPROVED BY IRB (most recent): 12/6/'l0! l 

TlTUOfSTUDY: Comparison of an eccentric exercise intervention to a concentric exercise 
intervention in adults with subacromial impingement syndrome. 

Provide a detailed desufptton of the modlf1catlon(s) requ-.1: 

Addition of two entry level DPT students to study staff. 
Addition ofTWU Institute of Health Sciences, Dallas campus as site for data collection. 
These changes arc reflected in a revised protocol and consent forms that have been approved by 
the primary site at THR Presbyterian Hospital of Dallas !RB 9/21.2012. 

Provide • 11st of any new or modified documents materials and attach these Items to this form: 

Approval form from TWU IRB with these changes made effective 9/2/2012. 
Most cw-rent protocol (Aug 15; 2012) reflecting addition ofTWU site for data collection. 
Consent form to be used at both sites reflecting addition ofTWU data collection site and 
additional study staff. 
NIH certificates for DPT students and 1HR application with their addition to study staff and 
indication of completion of THR IRB training. 
Updated recruitment flyer with TWU contact phone number updated. 

Prlnclpal lnwstlg,rtor Assurance: I certify that the revised Information provided for this project is 
corr..ct and that no other procedures or forms will be used. I confirm that no changes will be 
Implemented until I receive written apProval for the changes from the "TWU IRB. 

~~ n; fi /.J Cc. j Gt_f 9/ ">/(,,,I__ 

Signature of Principal Investigator Date 

APPROVED: 
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To: Christiana Blume 

CC: Christiana Blume 

From: Martin Berk, MD, !RB Chair 

On Behalf of the Texas Health Resources Institutional Review Board 

Page I of2 

Please note that the Texas Healthlnstitutional Review Board (THR !RB), Chair or designee, has 
approved the modification to the protocol summarized below: 

Amendment ID Ame0000 I 625/Pro00002948 
No.: 

Principal 
Investigator: 

Study Name: 

Christiana Blume 

COMPARISON OF AN ECCENTRIC EXERCISE INTERVENTION TO A 
CONCENTRIC EXERCISE INTERVENTION IN ADULTS WITH 
SUBACROMIAL IMPINGEMENT SYNDROME. 

Approval Date: 6/28/2012 

Approved via: 

Risk Level 

Summary of 
Modi ti cations: 

Expedited 

Amendment Minimal Risk 
Add the TWU School of Physical Therapy as a study site in order to provide the 
study intervention to participants with financial hardship. This entails revising the 
ICF and protocol to reflect the alternate site option and adding 2 clinical DPT 
students to the study staff to take outcome measures at the school site. 

If applicable, to get to the documents stamped with the !RB Approval for use in this research project, 
please follow the link below and click on the Documents tab.(Ifnot on this list or previously approved 
by the IRB for use during the current approval period, any documents to be used in the research must be 
reviewed and approved by the !RB before use in the research): 

Pro00002948 

Based on human research regulations and THR human subject research policies, the !RB emphasizes the 
following requirements in granting approval for this research project: 

I . Any changes, modifications, or amendments to any facet of the research must be reviewed and 
approved by the !RB before they can be initiated. 

2. All reportable adverse events and unanticipated problems involving risks to subjects or others 
must be reported to the !RB according to THR !RB policy requirements. This includes reporting 
to this Committee any death or serious reactions(s) resulting from this study (please consult the 

https://eirb.texashealth.org/EIRB/Doc/0/4TMHBUSBKJV 431 PHL969S69D7 A/fromString.... 7 / I /2012 
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THR !RB Policy and Procedure Manual for specific definitions and reporting time-frames and 
requirements). 

3. It is required to submit annual and terminal progress reports to the I RB and to receive continuing 
review of your activity annually by the IRB. 

Failure to submit the above reports may result in severe sanctions being placed on Texas Health 
Resources. All research-related records and documentation may be inspected by the IRB for the 
purposes of ensuring compliance with THR policies and procedures and federal regulations governing 
the protection of human subjects. The !RB has the right and authority to suspend or terminate its 
approval ifTHR and Federal requirements are not strictly adhered to by all study personnel. 

The JCAHO standards related to patients taking part in research require that they be informed 
about the benefits. risks, alternative treatments, research procedures and refusal to participate. 
This information is contained in each approved research consent form. All in-patients and out
patients that are actively taking part in clinical research must have a copy of their signed consent 
form on their open medical records. 

If you have any questions or concerns, please contact the IRB Office at (682) 236-6746 or 
irb@texashealth.org. The IRB thanks you for your continued commitment to the protection of 
human subjects in THR research. 

https://eirb.texashealth.org/EIRB/Doc/0/4 TMHBUSBKJV 431 PHL969S69D7 A/fromString.. .. 7/1/2012 
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DENTON DALLAS HOUSTON 

November 19, 20 12 

Ms. Christiana Blume 
School of Physical Therapy 
Dallas - Presbyterian 

Dear Ms. Blume: 

Institutional Review Board 
Office of Reseorch and Sponsored Progroms 
PO. Box 425619, Denton, TX 76204-5619 
940-898-3378 FAX 940-8984416 
e-mail: IRB@twu.edu 

Re: Comparison of an Eccentric Exercise Inrervenrion to a Concentric Exercise Intervention in 
Adults wilh Subacromial lmpingemenr Syndrome (Protocol #: 16838) 

The request for an extension of your IRB approval for the above referenced study has been reviewed 
by the TWU Institutional Review Board (!RB) and appears to meet our requirements for the 
protection of individuals' rights. 

If applicable, agency approval leners must be submined to the IRB upon receipt PRIOR to any data 
collection at that agency. A copy of any signed consent forms must be filed with the request to close 
the study at the completion of the project. 

This extension is valid one year from December 6, 2012. Any modifications to this study must be 
submined for review to the IRB us ing the Mod ification Request Form. Additionally, the IRB must be 
notified immed iately of any unanticipated incidents. If you have any questions, please contact the 
TWU IRB. 

Sincerely, 

,<>",,/ 
/✓~,LJ-

Dr. Catherine Bai ley, Chair 
Institutional Review Board - Dallas 

cc. Dr. Ann Medley, Schoo l of Phys ical Therapy - Dallas 
Dr. Sharon Wang, School of Phys ical Therapy - Dallas 
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Texas Health Resources Institutional Review Board 

To: Christiana Blume 

CC: Christiana Blume 

From: Martin Berk, MD, IRB Chair 
On Behalf of the Texas Health Resources Institutional Review Board 

Re: CR00001306 

Page 1 of3 

A Expedited was conducted for this study under the provisions of 2 1 CFR 56.110 (a) (b) and 45 CFR 
46.110 (b) (1) category 4. 

Following are the approved documents. 
-HIPAA authorization Initial approval (9-1-13 to 8-31-14) - stamped 
-Dissertation study Blume ICF THR (9-1-13 to 8-31-14) - stamped 
-Dissertation study recruitment flyer Sept 2012 (9-1-13 to 8-31-13).pdf 
-DASH_questionnaire.docx 
-Research study protocol appendicies Aug. 2011 
-THR Protocol Document June 16 2012 Dissertation study.doc 

Continuing 
Review No.: CR00001306/Pro00002948 

Study Name: 
COMPARJSON OF AN ECCENTRIC EXERCISE lNTERVENTION TO A 
CONCENTRIC EXERCISE lNTERVENTION lN ADULTS WITH 
SUBACROMIAL IMPINGEMENT SYNDROME. 

Approval 
Period: 
Approved Via: 
Risk Level: 

Principal 
Investigator: 

Study 
Coordinator 

Co-

9/ l /2013 through 8/31/2014 

Expedited 
Minimal Risk 

Christiana Blume 

Christiana Blume 

CV dateCreated 
Investigators: None 

Anjana Shah 

dateModified ID Name 

https://eirb. texashealth.org/EIRB/Doc/0/0E6KVE87LURKR8LE1 SL 7EQNHA2/fromStrin. .. 1 /17/2014 



193 
 

 
 

Other Study 
Staff: 

Funding 
Information: 

Protocol 
Version: 
Protocol Date: 

Patricia Knight 
Stacey Oliver 
Ashlea Poirot 
Whitney Wimmer 
Debra Daugherty 
Mary Ann Johnson 
Ann Mitchell 
Michaelle Comer 

11 

6/ 16/2012 

Page 2 of3 

Written informed consent and authorization, including a consent and authorization document 
signed by the subject or the subject's legally authorized representative. 

If applicable, to find the docwnents stamped with IRB approval for use in this research project, please 
follow the link below and click on the Docwnents tab.(lf not on this list, any docwnents to be used in the 
research must be reviewed and approved by the IRB before use in the research): 

The research may not continue beyond the end of the new approval period, as indicated by the expiration 
date above.In order for the research to continue beyond that date, the IRB must first conduct continuing 
review and designate a new approval period. 

The IRB will send you a continuing review notice at least 30-60 days before the expiration date listed 
above.If not completely filled out, received, reviewed and approved by the IRB before the end of the 
expiration date above, enrollment of new subjects in the research must cease until IRB approval can be 
obtained.Continued involvement in the research of previously enrolled subjects may not continue unless 
explicitly approved by the IRB to prevent harm to subjects. 

Based on hwnan research regulations and THR human subject research policies, the IRB emphasizes the 
following requirements in granting approval for this research project: 

I. Any changes, modifications, or amendments to any facet of the research must be reviewed and 
approved by the IRB before they can be initiated. 

2. AU reportable adverse events and unanticipated problems involving risks to subjects or others 
must be reported to the IRB according to THR IRB policy requirements.This includes reporting to 
this Committee any death or serious reactions(s) resulting from this study (please consult the THR 
IRB Policy and Procedure Manual for specific definitions and reporting time-frames and 
requirements). 

3. It is required to submit annual and terminal progress reports to the IRB and toreceive continuing 
review of your activity annually by the IRB. 

Failure to submit the above reports may result in severe sanctions being placed on Texas Health 
Resources.All research-related records and documentation may be inspected by the IRB for the purposes 
of ensuring compliance with THR policies and procedures and federal regulations governing the 
protection ofhwnan subjects.The IRB has the right and authority to suspend or terminate its approval if 

https://eirb.texashealth.org/EIRB/Doc/0/0E6KVE87LUR.KR8LE 18L 7EQNHA2/fromStrin... I /1712014 
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THR and Federal requirements are not strictly adhered to by all study personnel. 

The JCAHO standards related to patients taking part in research require that they be informed 
about the benefits, risks, alternative treatments, research procedures and refusal to 
participate. This information is contained in each approved research consent form.AU in-patients 
and out-patients that are actively taking part in clinical research must have a copy of their signed 
consent form on their open medical records. 

If you have any questions or concerns, please contact the IRB Office at (682) 236-6746 or 
The !RB thanks you for your continued commitment to the protection of human 

subjects in THR research. 

•This submission was approved via elecironic signature by the THR Chair or designee. 

https://eirb.texashealth.org/EIRB/Doc/0/0E6KVE87LURKR8LE l 8L 7EQNHA2/fromStrin. .. I / 1712014 
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DENTON DALLAS HOUSTON 

November 15, 20 I 3 

Ms. Christiana Blume 
School of Physical Therapy 
Dallas - Presbyterian 

Dear Ms. Blume: 

Institutional Review Board 
Office of Research ond Sponsored Progroms 
P.O. Box 425619, Denton, TX 76204·5619 
940 -898-3378 FAX 94~ 898-<!4 l 6 
e· moiL IRB@twu.edu 

Re: Comparison of an Eccentric Exercise lmervention to a Concentric Exercise lmervention in 
Adults with Subacromial Impingement Syndrome (Protocol #: 16838) 

The request for an extension of your IRB approval for the above referenced study has been reviewed 
by the TWU Institutional Review Board (IRB) and appears to meet our requirements for the 
protection of individuals' rights. 

If applicable, agency approval letters must be submitted to the IRB upon rece ipt PRIOR to any data 
collection at that agency. A copy of any signed consent forms must be filed with the request to close 
the study at the completion of the project. 

This extension is valid one year from December 6, 2013. Any modifications to this study must be 
submitted for review to the IRB using the Modification Request Form. Additionally, the IRB must be 
notified immediately of any unanticipated incidents. If you have any questions, please contact the 
TWU IRB. 

Sincerely, 

Dr. Catherine Bailey, Chair 
Institutional Review Board - Dallas 

cc. Dr. Ann Medley, School of Physical Therapy - Dallas 
Dr. Sharon Wang, School of Physical Therapy- Dallas 
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APPENDIX D 

Numeric Pain Rating Scale 
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0-10 Numeric Ratinq Scale (page 1 of 1) 

11111111111 
0 1 2 3 4 5 6 7 8 9 10 .. .. .. .. .. .. .. 

None Mild Moderate Severe 

Indications: Adults and children(> 9 years old) in all patient care settings who are able to use 
numbers to rate the intensity of their pain. 

Instructions: 

1. The palient is asked any one of the follo1• ing questions: 
What number would you give your pain right nov:? 
VI/hat number on a O to 10 scale would you give your pain when it is the worst that it gets 
and when it is the best that it gets? 
At what number is the pain at an acceptable level for you? 

2. When the explanation suggested in #1 aoove is not sufficient for the patient, ii is sometimes 
helpful lo further explain or con<::eptualize the Numeric Rating Scale in the following manner: 

0 • No Pain 
1-3 • Mild Pain (nagging, annoying, interfering little ·:.ith ADLs) 
4-6 = Moderate Pain (inlerteres significantly with ADLs) 
7-10 = Severe Pa'n (d,sabl'ng; unable to perform ADLs) 

3. The interdisciplinary team in collaboration with the patient/family (ii appropriate}, can 
detennine appropriate inter,entions in response to Numeric Pain Ratings. 
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APPENDIX E 

Disabilities of the Arm, Shoulder, and Hand 
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DISA81LITIES OF THE ARM, SHOULDER AND HAND 
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APPENDIX F 

 

Inclinometer 
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Lafayette Instrument Company, Lafayette, IN  

PO Box 5729  

Lafayette, IN 47903 USA  

 

Phone: (765) 423-1505  

US Toll Free: (800) 428-7545  

Fax: (765) 423-4111  

 

 

 

 

,nn 
____ _U_ U~_ _, 

ACU360 

START VIEW. 

ACUMAR 
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APPENDIX G 

 

Dynamometer 
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Ametek Incorporated Mansfield & Green (M&G) Division 

 

8600 Somerset Drive 

Largo, Florida 33773 

United States 

 

Phone: 727-536-7831 

Fax: 727-539-6882 

Website: http://www.ametekmg.com 

 

 

http://www.ametekmg.com/
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APPENDIX H 

Impingement Tests 
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Neer test for shoulder impingement. 

 

 Examiner passively, fully 

elevates the arm in the scapular 

plane with medial rotation. 

 Positive test is pain 

provocation. 

 

Hawkins-Kennedy impingement test. 

 

 Examiner flexes the shoulder 

to 90°, then forcibly medially 

rotates the shoulder. 

 Positive test is pain 

provocation. 

Cross body adduction impingement 

test (corocoid impingement sign) 

 

 Examiner horizontally adducts 

the arm 10-20° before medially 

rotating it.  

 Positive test is pain 

provocation. 
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APPENDIX I 

Rotator Cuff Tear Tests 
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Drop arm test 

 

 Examiner passively abducts the 

shoulder to 90° then asks 

patient to slowly lower the arm 

to their side. 

 Positive test is inability to 

return arm to side slowly or 

severe pain during lowering. 

“Empty can” (Jobe) test  

 

 Patient holds arm at 90° in the 

plane of the scapula with 

thumb down. Examiner applies 

downward resistance which 

the patient resists. 

 Positive test is weakness or 

significant pain indicating a 

supraspinatus tear. 

 

Infraspinatus test 

 

 Patient sits with arm at side 

and elbow bent to 90° with 

humerus internally rotated 

45°. Examiner applies 

resistance into medial 

rotation with the patient 

asked to resist. 

 Positive test is weakness or 

significant pain indicating 

infraspinatus tear or strain. 
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APPENDIX J 

Exercise Program 
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Eccentric group will lower the resistance toward the floor or table with the therapist 

returning their arm and weight to the start position. (Solid arc) 

Concentric group will raise the resistance toward the ceiling with the therapist returning 

their arm and weight to the start position. (Dashed arc) 

All exercises will be performed for 3 sets of 12 repetitions with one minute rest between 

sets. 

               

Sidelying abduction                               Sidelying horizontal abduction 

                 

Sidelying internal rotation                        Sidelying external rotation 
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Shoulder exercises page 2 

 

Supine subscapular press 

 

Prone shoulder extension  

 

Seated “full can” 
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APPENDIX K 

Home Exercise Program 
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Exercises are to be performed once a day on days not attending therapy and as a cool 

down after therapy sessions in the clinic.     

          

                       

            

 

 

 

 

 

 

“Sleeper stretch” for posterior shoulder 

stretching (5 x 30 sec hold each)  

Lie on side with arm in front of 

shoulder, elbow bent 90°. Use other 

arm to push forearm toward floor until 

stretch is felt in back of shoulder or 

shoulder blade. 

Posterior shoulder stretch 

(5 x 30 sec hold each) 

Pull elbow across body with 

opposite arm until you feel a 

stretch at the back of the 

shoulder. 

t
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    (5 

Pectoralis stretch   (5 x 30 sec hold each)                                                     

Place forearm against wall or doorframe 

as shown. Turn body and feet away from 

arm until a stretch is felt in your chest. 

May lower elbow or height of arm on wall 

if painful. 
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Home exercise program 

 page 2 

 

 

Active motion in front of the mirror with scapular control. Visual feedback to avoid 

scapular elevation when raising the arm. Remain in pain-free part of motion.  

 

 

Active shoulder flexion in mirror             Active shoulder abduction in mirror 

(10 times with control)        (10 times with control) 

Seated thoracic spine extension 

(10 x 10 sec hold each) 

Sit in a chair with a back. Place 

a towel roll at the level of the 

bottom of your shoulder blades. 

Cross arms over chest and arch 

back over the towel roll as far 

as you can without pain. 
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APPENDIX L 

Home Exercise Log 
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THR Presbyterian Dallas/Texas Woman’s University 

Shoulder study home exercise log 

 

Participant name:___________________________ Date enrolled:__________________ 

 

Please place a check in the box for each exercise as you complete it each day. You will 

perform these exercises in the clinic as part of your cool down program so you count 

those for your completion of the exercises on those days. It is important that you are 

honest about your activities, so please do not mark the boxes if you do not complete 

exercises on a particular day. You may write a comment at the bottom of each week’s 

table if you miss due to illness or other reasons. 

 

Week 1 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 

 

 

 

Week 2 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 
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THR Presbyterian Dallas/Texas Woman’s University 

Shoulder study home exercise log 

 

 

Week 3 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 

 

 

Week 4 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 

 

 

Week 5 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 
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THR Presbyterian Dallas/Texas Woman’s University 

Shoulder study home exercise log 

 

 

Week 6 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 

 

 

Week 7 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 

 

 

Week 8 

 
Exercise Sun Mon Tues Weds Thurs Fri Sat 

Sleeper stretch (5 x 30 sec) bilat.        

Posterior shld stretch (5 x 30 sec) bilat.        

Pectoral/chest stretch (5 x 30 sec)         

Thoracic extension (10 x 10 sec)        

Forward elevation (flexion) 10 reps        

Sideways elevation (abduction) 10 reps        

Comments: 
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