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ABSTRACT 
 

Rotator cuff injury is one of the most common disorders of the shoulder. The 

spectrum of injuries includes tendinosis, partial thickness tear, and complete tear. It is a 

common reasons for a high number of patients with shoulder pain for visiting a general 

practice. It also causes work absenteeism and claims for sick leaves. Both extrinsic and 

intrinsic factors of the cuff tendon are thought to be involved in the pathogenesis, leading 

to a spectrum of conditions ranging from sub-acromial bursitis to mechanical failure of 

the cuff tendon itself. The degenerations in the tendons is based on the structure of the 

tendon collagen fibers and the feature of the tendon fibroblasts. Inside these degenerate 

tendons, the expression of the matrix metalloproteinase (MMP) enzymes (produced by 

the tenocytes to mediate the matrix turnover) is altered compared to normal tendons, 

showing that the tendons degeneration is an active, cell-mediated process. Evidences of 

the tendon degenation have been found mostly thanks to the detection of highly sulphated 

glucosaminoglycans (GAGs) in the inflamed supraspinatus tendon.  

The sometimes associated calcification is a cell-mediated calcification resembling an 

incomplete endochondral ossification. Rehabilitation is always difficult in the shoulder, 
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whose complex function involves not only local anatomic and biomechanical integrity, 

but also biomechanical and physiologic contributions from distant body segments.  

Numerous studies support conservative therapy as the mainstay of the treatments for 

the mildest forms of the rotator cuff pathologies. Several treatments are recognized and 

utilized to reduce pain and improve a range-of-motion faster than the natural course of 

the disease. The treatment for rotator cuff injuries with symptoms less than 1 year and 

tears less than 1 cm is, fundamentally, conservative: FANS, cortisone-based infiltration 

or hyaluronic acid injections, Platelet-Rich Plasma (PRP) with ice to alleviate the pain, 

manual therapy and therapies using physical energy such as ultrasound, lasers, 

hyperthermia, electro-analgesia and shock waves to restore the compromised mobility of 

the joint.  

Eccentric exercises have been proposed to promote collagen fiber cross-linkage 

within the tendon, enhancing the remodeling process.  

The therapeutic exercise, i.e., the muscular selective reinforcement and the 

increasing development of the force in the different patterns of movement, together with 

the proprioceptive recovery, allow a good recovery of the motor control. 

In the last few years, as per our clinical experience and research, ESWT 

(Extracorporeal Shock Wave Therapy) has been proposed as an elective therapy in the 

first phase of treatment, later integrated with a progressive increase of the work load 

carried out with complete strengthening of the shoulder muscles and the proprioceptive 

re-education, using also hyaluronic acid injections in the shoulder. The proprioceptive re-

education is performed through the Multi Joint System, which is a system for the 

evaluation and rehabilitation of the shoulder consisting of an anthropomorphous arm 

which, guided by the patient, can move freely in a three dimensional space to recuperate 

the mobility and muscle strength of the shoulder. With the purpose to improve the body 

and shoulder posture, a postural rebalancing in microgravity environment with Dynamic 

Antigravitational Postural System (SPAD) and hydrokinesitherapy has been used. 

Patients with symptomatic full thickness rotator cuff tears failing to improve with 

conservative management, often require an operative treatment. In these kind of patients, 

the applied rehabilitation plays an important role in the improvement of the surgery 

results both before and after the surgery itself. 

 

 

INTRODUCTION 
 

Rotator cuff injury is one of the most common disorders of the shoulder. It is responsible 

for a high proportion of patients with shoulder pain presenting to general practice, causing 

work absenteeism and claims for sickness [1]. 

Its relevance is correlated not only to its high prevalence rate but also to the fact that it is 

disabling, causing high direct and indirect costs in the industrialized countries [2]. 

The incidence of cuff tears ranges from 5% to 39%. It increases in the elderly population, 

being approximately 6 and 30% in those under and over 60 [3]. 

A thorough understanding of the shoulder’s complex anatomy is essential for the 

physicians caring for patients with rotator cuff injury [4]. 

 

 

ANATOMY OF THE ROTATOR CUFF 
 

The bony architecture of the shoulder includes the humerus, the scapula, and the clavicle. 

This is the sterno-shoulder joint subsystem, which includes the acromion-clavicular joint, 
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sternoclavicular, and shoulder joint, with the latter having six degree-of freedom. This 

subsystem is correlated with the above means of myofascial structures and thus connected to 

the hyoid bone and the cervical vertebrae [5]. 

The smooth articulation of the shoulder relies on the proper function of the 

scapulothoracic, sternoclavicular, acromioclavicular (AC), and glenohumeral joints. The 

stability of the glenohumeral joint depends on both static and dynamic restraints. 

The static restraints include the fibrous glenoid labrum, the glenohumeral ligaments, and 

the capsule. The dynamic restraints include the scapular muscles and the rotator cuff 

complex; the rotator cuff provides stability in each single stage and kind of motion. 

The rotator cuff is composed of four muscles: the subscapularis, the supraspinatus, the 

infraspinatus and the teres minor. From separate origins at the posterior (supraspinatus, 

infraspinatus and teres minor) and anterior (subscapularis) surfaces of the scapula, they run 

laterally and fuse together with the articular capsule into a common insertion on the 

tuberosities of the humerus, which is known as the footprint of the rotator cuff [6]. 

 

 

Subscapularis Muscle 
 

The subscapularis forms the most anterior part of the rotator cuff. It arises from the 

anterior surface of the scapula. Its muscle belly runs laterally beneath the coracoid process 

and converges into a tendinous portion at the level of the glenoid, where it also merges with 

the articular capsule. The subscapularis insertion on the lesser tuberosity is comma-shaped, 

with measurements of its maximum superior-to-inferior length varying between studies from 

24.3 mm to 40 mm and those of its maximum medial-to-lateral width varying from 16 mm to 

20 mm [7]. It consists of a purely tendinous and intraarticular upper part and a purely 

muscolocapsular lower part [8]. Fibres from the tendinous part extend into the bicipital 

groove, where they join with fibres from the supraspinatus tendon to form the floor of the 

bicipital sheath [9]. The subscapularis muscle is innervated by the subscapular nerve (C5 – 

C7). 

 

 

Supraspinatus Muscle 
 

The supraspinatus muscle lies in the supraspinatus fossa of the scapula and forms the 

superior part of the rotator cuff. It arises from the medial portion and the base of the fossa, 

passes beneath the acromion and converges into a tendinous portion that merges with the 

infraspinatus and the articular capsule at its insertion on the anterior part of the greater 

tuberosity.  

A tendinous slip extends from the anterior-most portion of the supraspinatus and 

contributes to the roof of the bicipital sheath. In about 20% of the cases, this extension 

bridges the bicipital groove and inserts on the lesser tuberosity. The supraspinatus insertion 

has been found to be triangular, with measurements of its maximum medial-tolateral length 

varying between studies from 6.9 to 12.7 mm and for those of its maximum anterior-to-

posterior width varying from 12.6 to 25.0 mm (3;7;8). The supraspinatus muscle is innervated 

by the suprascapular nerve (C4 – C6) [10]. 
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Infraspinatus Muscle 
 

The infraspinatus muscle arises from the infraspinatus fossa and from the inferior surface 

of the spine of the scapula. Together with the teres minor muscle, it forms the posterior-

inferior part of the rotator cuff. Its distal insertion is on the posterior facet of the greater 

tuberosity, where it merges and overlaps with the fibres of the supraspinatus and the teres 

minor. After removal of the overlying tissue and thorough dissection, it is possible to define 

the separate footprint areas for each muscle. For the infraspinatus, a trapezoidal shaped 

insertion has been found. Close to its insertion the anterior part of the tendon overlaps the 

posterolateral part of the supraspinatus and inserts more laterally and anteriorly on the 

tuberosity. Measurement results for the insertional footprint of the infraspinatus vary between 

studies from 10.2 to 13.4 mm in the medial-lateral plane and from 16.4 to 32.7 mm in the 

anterior-posterior plane (3;7). The infraspinatus muscle is innervated by the suprascapular 

nerve (C4 – C6) [11]. 

 

 

Teres Minor Muscle 
 

The teres minor arises from the axillary border of the scapula and inserts together with 

the capsule into the inferior facet of the tuberosity. Both functionally and anatomically, it is 

intimately associated with the infraspinatus muscle. Its insertional area on the greater 

tuberosity has been found to be 11.4 mm in the medial-lateral plane and 20.7 mm in the 

anterior-posterior plane. In contrast to the superior part of the rotator cuff, which inserts close 

to the articular cartilage edge of the humerus, there is a bare area between the cartilage and 

the medial border of the insertion of the teres minor and the infraspinatus. The medial-lateral 

dimension of the bare area has been found to be 13.9 mm at the most inferior aspect of the 

teres minor insertion. The teres minor muscle is innervated by the axillary nerve (C4 – C6) 

[12]. 

 

 

Figure 1. Anatomy of the rotator cuff. 1 = subscapularis muscle, 2 = supraspinatus muscle,  

3 = infraspinatus muscle, 4 = teres minor muscle, 5 = coracoid process 6 = long head of the biceps 

tendon, 7 = acromion. 
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Rotator Interval, Reflection Pulley and Long Head of the Biceps Tendon 
 

Whereas the supraspinatus, the infraspinatus and the teres minor muscles are intimately 

associated with each other, there is a definite interval between the superior border of the 

subscapularis, the anterior border of the supraspinatus and the lateral border of the coracoids; 

the latter emerges from between the two muscle bellies. This area is termed the “rotator 

interval.” 

The interval is covered by thin elastic tissue and reinforced, on the bursal side, by the 

coracohumeral ligament and, on the articular side, by the fibrous capsule and the superior 

glenohumeral ligament. The coracohumeral ligament has its origin on the dorsolateral aspect 

of the coracoid process, from which it courses laterally, covers the rotator interval and 

envelops the anterior border of the supraspinatus. 

Towards its insertion on the humerus, it divides into two bands, one inserting on the 

greater tuberosity and the anterior edge of the supraspinatus, and the other one on the lesser 

tuberosity and the superior border of the subscapularis. The superior glenohumeral ligament 

arises from the supraglenoid tubercle in the form of an internal thickening of the articular 

capsule. It crosses the floor of the rotator interval and inserts on the lesser tuberosity, where it 

fuses with the coracohumeral ligament. At their insertion, the two ligaments, together with the 

fibres from the supraspinatus and the subscapularis, form the reflection pulley, a 

tendoligamentous sling that stabilizes the long head of the biceps tendon before it enters the 

bicipital groove [13]. 

The long head of the biceps originates from the supraglenoid tubercle and the superior 

glenoid labrum and runs laterally beneath the rotator interval. On its way from intra- to 

extraarticular, it courses through the pulley and the bicipital groove together with an 

enveloping outpouching of the synovial membrane of the joint [14]. 

 

 

FUNCTION OF THE ROTATOR CUFF 
 

Shoulder function has been described as a perfect compromise between mobility and 

stability [15]. The shoulder movement results from the concerted motion of the 

sternoclavicular, acromioclavicular, glenohumeral and scapulothoracic articulations. A large 

ROM (Range of Motion) is possible because of few bony restraints and a wide glenohumeral 

joint capsule which does not restrict the movement until an extreme of motion occurs. The 

stability at the end- range of motion is maintained by static stabilizers, including the capsule 

and the glenohumeral ligaments. The complex system of the shoulder depends on a precisely 

coordinated interaction between muscular and capsuloligamentous structures. 

A delicate balance exists between the opposing forces of agonists and antagonists, which 

results in the network forces of motion and stability. The rotator cuff plays an important role 

in this system, both as a mover and as a stabilizer of the shoulder. 

Individual rotator cuff muscles act as prime movers of the glenohumeral joint, and the 

simultaneous activation of the rotator cuff muscles contributes to mid- and end-range stability 

of the glenohumeral joint. The related importance of each individual rotator cuff muscle for 

the shoulder motion and stability varies according to the position of the glenohumeral joint 

[16]. 
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ROTATOR CUFF INJURIES  
 

The aetiology of the rotator cuff injuries is multifactorial because of intrinsic and 

extrinsic factors that play very important roles [17, 18]. 

 

Table 1. The aetiology of rotator cuff injuries 

 

Distinguishing 

Features 

Intrinsic  Extrinsic  Extrinsic- Internal 

Impingement  

Conceptual  

Mechanism  

Degeneration of the 

tendon where tensile 

loading exceeds the 

tendon’s intrinsic 

healing and adaptive 

responses 

Compression of the tendon 

within the subacromial 

space from anatomical  

or biomechanical 

abnormalities 

Compression of the 

tendon posteriorly 

between the 

humerus and glenoid 

rim with abduction and 

external rotation 

Pathology  Intratendinous and 

articular sided tendon 

pathology without 

coracoacromial 

abnormalities 

Bursal sided tendon 

pathology with 

coracoacromial 

abnormalities more 

common 

Articular sided 

pathology without 

coracoacromial 

abnormalities. May be 

related to glenohumeral 

joint instability 

 

The pathogenesis and the molecular changes associated with rotator cuff injuries are 

unclear, but they may arise from a combination of extrinsic impingement from structure 

surrounding the cuff, and intrinsic alterations within the tendon itself [19-24]. 

Extrinsic factors have classically been considered among the causes of the rotator cuff 

injuries.  

The theory of subacromial impingement, formulated for the first time by Neer at the 

beginning of ‘70s, can be considered one of the most classic examples. 

The impingement on the tendinous portion of the rotator cuff by the coraco-acromial 

ligament and the anterior third of the acromion is responsible for a characteristic syndrome of 

disability of the shoulder. A characteristic proliferative spur and ridge has been noted on the 

anterior lip and undersurface of the anterior process of the acromion and this area may also 

show erosion and eburnation [25]. 

Anatomical factors that may excessively narrow the subacromial space and outlet to the 

RC (rotator cuff) tendons include variations in shape of the acromion [26- 29], orientation of 

the slope/angle of the acromion [30-32] or prominent osseous changes to the inferior aspect of 

the acromio-clavicular (AC) joint or coracoacromial ligament [33, 34]. 

Bigliani et al. [35] described the role of the shape of the acromion as an extrinsic 

mechanism of RC tendinopathy by describing the morphologic condition of the acromion as a 

Type I (flat), Type II (curved), or Type III (hooked). 

An association between acromion shape and severity of RC pathology has been well 

documented with trends of a greater prevalence of Type III, or hooked acromion in patients 

with impingement and full thickness RC tears. 

Biomechanical factors that can lead to extrinsic mechanical RC tendon compression 

include abnormal scapular and humeral kinematics, postural abnormalities, rotator cuff and 
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scapular muscle performance deficits, and decreased extensibility of pectoralis minor or 

posterior shoulder tissues.  

Scapular and humeral kinematic abnormalities can cause dynamic narrowing of the 

subacromial space leading to RC tendon compression secondary to superior translation of the 

humeral head [36-40] or aberrant scapular motion causing the acromion to move inferiorly 

[41]. Postural abnormalities, muscle deficits, and soft tissue tightness factors, as external 

mechanisms, can directly influence scapular and humeral kinematics.  

Thoracic spine kyphosis posture has been directly linked to alterations in subacromial 

space [42], alterations in scapular kinematics [43] and it is, therefore, theorized to contribute 

to an extrinsic mechanism of RC tendinopathy. 

An increase in thoracic spine kyphosis/flexion is associated with a decrease of the 

subacromial space [44] and a decrease of the scapular posterior tilt. 

These alterations in the scapular kinematics are consistent with those found in patients 

with RC tendinopathy [45]. 

A recent study has suggested that this bursa is a pro-inflammatory membrane which is 

responsible for shoulder pain and other subacromial pathology. Blaine et al. [46] 

demonstrated the presence of various inflammatory cytokines, tumour necrosis factor (TNF), 

interleukin (IL)-1, IL-6, cyclooxygenase (COX)-1 and COX-2 in bursal specimens from 

patients with subacromial bursitis and RCD. Some of these cytokines (IL-1, IL-6) have been 

reported to play an important role in mediating the catabolism of collagen [47]. 

As discussed, the peritendinous changes in the rotator cuff disease are thought to be a 

secondary phenomenon.  

Chambler et al. [48] suggested that the increased tension in the coracoacromial ligament, 

secondary to tendinopathy, stimulates new bone growth on the underside of the acromion, 

which causes enthesopathy of the coracoacromial ligament and results in impingement.  

Structural features such as lateral sloping of the acromion and glenoid version may also 

have an extrinsic effect on the cuff degeneration. However, due to confusion in the use of 

terminology to describe the different acromial morphology, literature relating to this matter 

should be interpreted with care. 

The position of the scapula may have an influence on the supraspinatus as it passes under 

the arch formed by the acromion and coracoacromial ligament. A forward scapula posture, 

caused by a combination of forward head posture and increased kyphosis, causes this position 

to become more elevated and pronated, with downwards rotation and anterior tilt. 

Solem-Bertoft et al. [49] observed that in this position the anterior entrance of the 

subacromial space is narrowed, which may cause an outlet stenosis and effectively squeeze 

the tendon as it passes through. 

There is a growing body of evidence to support the intrinsic mechanism. Intrinsic 

mechanisms of RC tendinopathy influence tendon morphology and performance. 

Intrinsic factors of RC tendinopathy result in tendon degradation due to the natural 

process of aging [50-53], poor vascularity [54-59], altered biology [60, 61], and inferior 

mechanical properties resulting in the damage of tensile or shear loads [62, 63]. 

Intrinsic factors are the biologic degeneration and no vascularization of the tendons [64].  

A deficient vascular supply of the human RC tendons has been implicated in the 

pathogenesis and mechanism of RC tendinopathy. 
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Codman (Codman 1934) was the first to describe the ‘critical zone,’ i.e., an area within 

the supraspinatus tendon approximately 1 cm from the insertion on the greater tubercle with 

decreased vascularity and the most common site for RC tendon injury [65]. 

Research suggests an increased vascular response, or neovascularization, in the regions of 

degenerative changes and smaller tendon tears, like that with chronic RC tendinopathy, which 

is theorized to be a healing response to tissue microtrauma. In contrast, tendinopathy that 

progresses to complete tendon tears has been shown to be avascular. It is unclear whether this 

avascular condition is a cause of progressive tendinopathy or a consequence of a complete 

tear. 

In subjects with RC tendinopathy, imaging with Laser Doppler Flowmetry (LDF) or 

ultrasound color Doppler has been used to detect the presence of neovascularization in vivo. 

The thickening of the tendons, associated with an acute healing response to injury, may create 

a greater area to distribute the forces; however, the tendon-thinning associated with 

degenerative or chronic tendinopathy would reduce the surface area for the same load 

conditions and thus it may perpetuate the injury [66]. 

Levy et al. found that subjects with acute RC tendinopathy (impingement without tear) 

had hypovascularity in the supraspinatus tendon compared to subjects without RC disease, 

while those with chronic RC tears had hypervascularity near the degenerative changes. 

Degenerative changes were evident in 865 of 891 cases (97%) and included features of 

hypoxic degenerative tendinopathy, mucoid degeneration, tendolipomatosis and calcifying 

tendinopathy, either individually or in combination [67]. 

Nirschl [68] also described changes in the rotator cuff tendon, such as disorganization 

and fragmentation of collagen architecture and infiltration of fibroblasts and vascular tissue.  

Hashimoto et al. [69] described different patterns of the degenerative change in partial 

and full thickness rotator cuff tears. However, they observed no correlation between the 

pattern of degenerative change and the size or extent of the rotator cuff tear. The pathology of 

the torn rotator cuff tendon reduces, in potential, for repair as tear size increases. 

The degeneration of tendons is the expression of matrix metalloproteinase (MMP) 

enzymes (produced by tenocytes to mediate the matrix turnover) and it is altered compared to 

normal tendons, showing that tendon degeneration is an active, cell-mediated process. It was 

hypothesised that tendinopathy may result from an imbalance between the synthesis and the 

degradation of the tendon, perhaps due to a failure to regulate specific MMP activities in 

response to repeated injuries or mechanical strain. 

The evidence for tendon degeneration has been further supported by the detection of 

highly sulphated glucosaminoglycans (GAGs) in inflamed supraspinatus tendon [70-76]. 

These types of GAGs are associated with acute inflammation and new matrix 

proteoglycan production, as well as amyloid deposition. Cole et al. [77] demonstrated further 

that in supraspinatus tissue in patients with chronic tears, 70% showed deposition of amyloid, 

compared to only 25% of those with acute traumatic tears. Amyloid has a fibrillary ultra-

structure forming extensive anti-parallel b-pleated sheets making it resistant to proteolytic 

digestion. A genetic component for the development of RC disease has also been identified 

[78] and theorized to be related to the polymorphism of collagen genes such as the one found 

with Achilles tendinopathy [79]; however, no specific genotype has been identified yet as a 

risk factor for the development of RC disease [80]. 

Another proposed intrinsic mechanism of RC tendinopathy is related to the response of 

the tendons to tensile load, or mechanical properties of the supraspinatus tendon [81-83]. 
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Lower ultimate strain values and a greater tissue stiffness [84] to longitudinal loading have 

been found on the articular side of the supraspinatus tendon near the insertion when compared 

to the bursal side; although this was in conflict with the results of studies by other 

investigators, who found no differences in the mechanical properties between articular (deep) 

and bursal sided (superficial), but lack of homogeneity between the anterior and posterior 

supraspinatus to longitudinal loads. 

Other factors than collagen fiber alignment, such as tendon geometry, can influence the 

mechanical properties. Alterations in tendon geometry, including tendon irregularity and 

thinning, have been observed in patients with degenerative RC pathology. All of them could 

influence its mechanical properties. Age has been shown to have a negative impact on tendon 

properties. Evidence from biomechanical studies suggest that there is a reduced toe region of 

a stress–strain curve, a decreased elasticity, and a decreased overall tensile strength of 

tendons with age [85]. 

Histological study of RC tendons have shown calcification and fibrovascular proliferation 

degenerative changes in elderly subjects without history of shoulder ailments that were not 

present in younger subjects, both without a history of shoulder ailments. Also, with age, there 

is a decrease in total glycosaminoglycan (GAGs) and proteoglycans (PGs) content in the 

supraspinatus tendon [86, 87]. 

 

 

Figure 2. Factor and mechanism involved in rotator cuff tendinopathy from: Mechanisms of rotator cuff 

tendinopathy: Intrinsic, extrinsic, or both? ; Amee L. Seitz, Philip W. McClure , Sheryl Finucane, 

 N. Douglas Boardman III , Lori A. Michener . Clinical Biomechanics 26 (2011) 1–12. 

An overall reduction of collagen content and an increased proportion of weaker, more 

irregularly arranged type III collagen has been found with aging [88]; however, there is 

conflicting evidence that these changes in the supraspinatus are not age related but attributed 
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to inferior healing response from microtrauma to the tendon [89]. There is no consensus 

whether changes in the tendon are primarily due to aging or a secondary consequence of 

reduced mechanical properties that make the tendon more susceptible to injury with repetitive 

motion. Regardless, age related changes to the tendon appear to be a significant factor in the 

intrinsic patho-etiology of RC tendinopathy [90-92]. 

The spectrum of injury includes tendinosis, partial thickness tear, and complete tear. 

 

 

Figure 3. Spectrum of injuries of rotator cuff pathology. 

 

Rotator Cuff Tendinosis 
 

The incidence of rotator cuff tendinopathy and degenerative tears increases with age and 

is as high as 40% among those aged 70 years or older [93]. 

Rotator cuff tendinosis may be secondary to disorganization in collagen fibril 

morphology and tendon ultrastructure. Prior studies have documented the histopathologic 

changes associated with rotator cuff tendinopathy, including loss of cellularity, thinning and 

disorganization of tendon fibers, increased granulation tissue, and fibrocartilaginous changes 

[94-95]. 

These changes have been associated with an increased risk of progression to the 

development of complete rotator cuff tears. 

The hyaline and myxoid degeneration of the collagenous fibers occurs not only at the 

rupture site but also throughout the damaged tendon. These pathologic changes of tendons 

can lead to reduced tensile strength and a predisposition to rupture [96]. 
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The overall structure, composition, and organization of a normal insertion site with 

transition from non mineralized fibrocartilage to mineralized fibrocartilage and bone is not 

achieved. The poor healing response is multifactorial but likely related to an insufficient and 

disorganized expression of cytokines with direct formation of the complex structure and 

composition of a direct enthesis [97, 98]. 

Other contributing factors may include the presence of inflammatory cells at the tendon-

bone interface that precipitates scar formation, slow and limited bony ingrowth into the 

tendon from the prepared tuberosity, or an insufficient number of undifferentiated stem cells 

at the healing tendon bone interface [99]. 

 

 

Figure 4. The schematic diagram illustrates the manner in which early tendinopathy may arise due to 

inflammation. An increased duration and amount of tendon cell loading leads to the release of various 

angiogenic, inflammatory, and growth factors that, in turn, stimulate the tendon extracellular matrix 

toward either a degenerative or reparative process. 

Degeneration as well as healing of the rotator cuff occurs in three stages:  

 

(1) inflammatory phase,  

(2) repair phase 

(3) remodeling phase.  

 

The importance of the inflammatory phase has been highlighted in recent studies that 

demonstrate an increased infiltration of neutrophils, macrophages, and mast cells in rotator 

cuff tears in human and animal models. Millar et al. [100] reported significant infiltration of 

mast cells and macrophages in early mild to moderate tendinopathy in human rotator cuff 

tendon biopsy specimens during rotator cuff repair and stabilization surgeries. The 

macrophages, subsequently, secrete transforming growth factor b1 (TGF-b1), which increases 

collagen formation and proteinase activity. 
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Fibrovascular scar is likely produced during this stage by the recruited macrophages. 

Although this scar has been implicated as a potential source of weakness at the healed 

tendone bone interface, it may also serve a protective role in the setting of chronic overuse 

injuries of the tendon. 

During the repair stage of healing, the activation of fibroblasts results in the expression of 

many cytokines, including basic fibroblast growth factor (bFGF), insulinlike growth factor-1 

(IGF-1), platelet-derived growth factor-b (PDGF-b), vascular endothelial growth factor 

(VEGF), and bone morphogenic protein (BMP)-12, BMP- 13, and BMP-14.  

 

 

Calcific Tendonitis 
 

Also known as calcific tendinitis, its prevalence is estimated to range from 2.7 to 20% 

based on radiographs of asymptomatic adults. The incidence of becoming symptomatic, 

acutely or chronically, has been estimated to be as high as 50% [101-104]. 

Maugars et al. [105] report that “between 7 and 17 percent of the chronic painful 

shoulders are related to tendon calcification.” 

Lam, Bhatia, van Rooyen, & de Beer report that as much as 10% of all shoulder-pain 

consultations will be due to calcific tendinosis [106]. The usual age of onset is between 40 

and 50 years, with a greater prevalence in women and workers in sedentary jobs. 

 

 

Figure 5. Tendon structure, tendon degeneration and calcification. 

It may be the result of tendon degeneration brought about by fibrosis and necrosis. It can 

be potentially considered as part of the spectrum encompassing the majority of rotator cuff 

disorders. It has also been suggested that this is a non-degenerative disorder, as histologically 

it is not a dystrophic calcification normally associated with dead or damaged tissue, but cell-

mediated calcification resembling incomplete endochondral ossification. 
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The disorder has four stages: moving from the pre-calcific phase (asymptomatic 

fibrocartilaginous transformation within the tendon) through to the formative stage 

(deposition of calcium hydroxyapatite crystals within the tendon), to the resorptive phase (the 

extravasation of the crystals) and finally the recovering post-calcific phase.  

Several articles offer classification definitions based on their findings during treatment 

trials and case studies; however, classification of calcific tendinosis is yet to be widely 

standardized. 

One such study conducted by Gartner [104] found three differences via radiography. 

These three types are briefly defined by a distinct and dense deposit (type I), a deposit with 

both well defined dimensions and transparency (type II), and a deposit with poorly 

marginated or transparent borders (type III). Gartner found that the complete resorption of the 

deposit was most likely in type III calcific tendinosis, less so in type II and even less likely in 

type I. 

 

 

Figure6. Calcific tendinosis by Gartner. 

Another example of classification was mentioned by Maugars et al. [105]. 

This classification system was standardized by the French Arthroscopic Society and 

describes three types of calcifications, A, B, and C, similar to the descriptions of Gartner 

(1993).  

In literature much has been discussed on the use of only radiographic classification of 

calcifications to set the treatment and evaluation of outcomes. The authors, based on their 

clinical experience, supported by other studies in the literature, show that the radiographic 

classifications should be always related to the clinical context [106-108]. 

 

 

SUBACROMIAL BURSITIS AND IMPINGEMENT 
 

In 1934, Codman claimed that the subacromial bursa “itself is the largest in the body and 

the most complicated in structure and in its component parts. It is in fact, a secondary 

scapula-humeral joint, although no part of its surface is cartilage.” Codman, therefore, gave a 

significant functional purpose to the subacromial bursa. Neer [109] further emphasized this 

concept in his characterization of subacromial impingement syndrome in 1972. More reports, 

however, have suggested that the subacromial bursa is an inflammatory membrane that can 

lead to shoulder pain through the stimulation of the afferent nerve endings and their products.  

Subacromial bursa is a major factor in subacromial impingement syndrome. Santavirta et 

al. [110] found a preponderance of CD-2 and CD-11b mononuclear cells in the subacromial 

bursa of patients with bursitis. 
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Similarly, Yanagisawa et al. [111] demonstrated an increased expression of the vascular 

endothelial growth factor in patients with impingement, implying a chronic inflammation and 

an increased vascularity. Finally, Soifer et al. [112] demonstrated the presence of neurologic 

elements in the subacromial space, and Gotoh et al. [113] related the increased expression of 

substance P (a pain mediator) in the subacromial bursa in patients to shoulder pain with 

impingement.  

Although these studies implicate the subacromial bursa in the pathogenesis of 

impingement, the changes in cell biology and the expression of biochemical mediators in 

impingement syndrome have not been identified yet. The present investigations were 

undertaken to determine the role of the subacromial bursa in the rotator cuff disease, whether 

it is a pathologic or reparative tissue, and whether “bursitis” in fact represents an 

inflammatory process. 

This inflammation will cause a decrease in the overall volume of the subacromial space, 

potentially leading to an increased compression of the tissues against the borders of the 

subacromial space. 

The degeneration of the tendons of the subacromial space has been demonstrated in 

patients with (Subacromial impingement syndrome) SAIS, which may result from the 

inflammatory process or the tension overload during shoulder activities. 

The classification of SAIS was first developed based upon the degree of injury to the 

tissues of the subacromial space. Neer (1983) defined this disorder as a mechanical 

compression injury of the tissues of the subacromial space, and proposed three progressive 

categories: 

 

 Stage I, known as the edema and hemorrhage stage, is found in patients under 25 

years of age with a history of overhead use in sports or work;  

 progression to stage II is defined by a further deterioration of the tendon and bursa, 

and found in 25–40 years old patients. A further progression of the disorder results in 

the development of  

 stage III, characterized by bone spurs and partial or full-thickness tendon rupture 

affecting those over 40 years of age. 

 

 

Rotator Cuff Tears 
 

Rotator cuff tears account for almost 50% of major shoulder injuries but they are 

sometimes difficult to diagnose. Rotator cuff tears are a common source of shoulder pain, 

especially in people aged 60 years and older. Approximately one-third of all shoulder 

referrals are made for rotator cuff disease [114, 115]. The incidence of rotator cuff tears 

increases with age. Studies in cadavers have shown an incidence of rotator cuff tears in 30% 

of cases. Templeh of et [116] found the incidence of asymptomatic tears in patients aged 50-

59 was 13%, in the 60-69 group the incidence was 20%, 31% had tears in the 70-79 year age 

group and 51% of those over 80 had tears. Yamamoto et al. [117] found a prevalence of full-

thickness tears of 20.7% in the general population with and without shoulder problems (mean 

age 57.9 years).  
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In a literature review of cadaver studies, including 2553 shoulders from samples with a 

mean age of 70.1 years, prevalences of 11.8% and 18.5% were found for full-thickness and 

partial-thickness tears respectively [117]. 

Asymptomatic rotator cuff tears are common and it is important that a thorough history is 

taken and clinical examination is performed in order to determine that the patient’s symptoms 

are in fact caused by a rotator cuff tear. The pathogenesis of rotator cuff tears is complex and 

multifactorial.  

There are two opposite schools of thought on this subject, namely that the tendons 

degenerate either due to intrinsic or extrinsic causes. Codman originally described the 

intrinsic theory that rotator cuff disease was due to the intrinsic degeneration of the tendon, 

particularly in the critical zone of hypovascularity. This is located 1 cm from the insertion of 

supraspinatus on the humeral head. It is an area which is vulnerable to degeneration and due 

to its poor blood supply, it has impaired healing characteristics. 

The extrinsic theory is that the supraspinatus tendon is compressed between the 

acromion, the coracoacromial ligament and the humeral head (subacromial impingement). 

The majority of cuff tears involve the supraspinatus and infraspinatus tendons. These 

tears are described as postero-superior cuff tears. 

Anterosuperior tears are less common and typically extend anteriorly through the 

supraspinatus tendon to involve the rotator interval or the subscapularis tendon. Partial tars 

are characterized by a partial disruption of the tendon fibers with no communication between 

the subacromial and the glenohumeral spaces. 

The average thickness of the normal tendon of the rotator cuff is 10 to 12 mm
3
.  

Codman, according to the side of the tendon, classified the tendon tears in: 

 

1) a bursal-side tear (BT), which is confined to the bursal surface of the tendon;  

2) an intratendinous tear (IT), which is found within the tendon;  

3) a joint-side tear (JT),, which is present on the side of the tendon, adjacent to the joint 

[118]. 

 

In 1972, Neer defined the condition of pain, inflammation, edema and haemorrage as 

stage I, tendon fibrosis as stage II, and the fibers disruption as stage III. 

Considering that the average thickness of the supraspinatus tendon ranges from 8 to 

12mm, Ellman defined as grade I a tear deph < 3mm, or involving 25% of the tendon 

thickness, a grade II tear measures from 3 to 6 mm or involves 50% of tendon thickness, a 

grade III involves > 6mm or more than 50% of thickness. 

In full-thickness tears a complete disruption of the rotator cuff fibers produces a direct 

communication between the articular and the bursal side. 

Classification by tear size (Cofield): 

 

 
 

Classification by cuff tears retraction (Patte) [119]. 
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Goutallier investigated the fatty degeneration of the rotator cuff muscle responsible for a 

reduced muscle function, regardless of the age of the patient [120]. 

Classification by extent of fatty muscle atrophy. 

 

 
 

The greater is the size of the tear, the extent of retraction and the more fatty muscle 

atrophy, the less is the chance of the tear being repairable. The natural history of rotator cuff 

tears is that approximately 50% increase in size with time, partial-thickness tears progress to 

full-thickness tears and small full-thickness tears eventually become massive full-thickness 

tears. 

 

 

EVALUATION FOR ROTATOR CUFF INJURY 
 

Clinical Presentation 
 

A patient may describe 1 of 3 possible scenarios with respect to the onset of pain: (1) a 

gradual onset (seen with rotator cuff tendonitis and impingement), (2) an acute or traumatic 

onset (often seen with a rotator cuff tear, especially in the younger patients), or (3) an acute 

on- chronic presentation, in which the patient experiences low-grade progressive pain that is 

exacerbated by a more recent event [121]. 

Night pain and inability to lie on the affected side are common to all lesions. Pain is 

typically located to the anterolateral portion of the shoulder and may radiate down the pre-

axial border of the arm to the hand. Calcific tendonitis may be more characteristic with 

nagging discomfort in the region of the affected tendon. A global postural assessment should 

be carried out before focusing on the shoulder because clinicians have postulated that 

abnormal thoracic and cervical spine alignment alters the rest position of the scapula and it 

has frequently been observed in the clinical evaluation of shoulder pain.  

Alterations in shoulder girdle muscle imbalance, muscle length-tension relationships, 

joint congruity, ligamentous laxity, arthrokinematics, and complete shoulder motion can 

result from postural malalignment.  

A careful examination of this relationship may identify a predisposing factor to 

musculoskeletal overuse injuries and provide guidelines for treatment. A common postural 

malaligment is forward head posture with rounded shoulders [122], but also the rotation or 
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the inclination of the head lead to a malfunction of the occlusion and Temporal Mandibular 

Joint (TMJ) with an involvement of the trapezius muscle in a myofascial syndrome. 

Postural deviations associated with this posture include extension at the atlanto-occipital 

articulations, a reversal or "flattening of the midcervical spine lordosis, increased midthoracic 

spine kyphosis, protraction (abduction) of the scapulae with downward rotation (the inferior 

angle of the scapula moves medially while the glenoid fossa moves anteriorly and inferiorly), 

and internal rotation of the humerus. The forward head position with round shoulders changes 

the normal orientation of the plane of the scapula, which is oriented between 30° to 45° 

anterior to the frontal plane. The response of the muscle, the soft tissue, and the gross motion 

in presence of forward head position and rounded shoulders is based on clinical observation 

and results in a common sequela of neuromusculoskeletal changes. The effect of muscle 

imbalances about the shoulder girdle may lead to altered neuromuscular control and abnormal 

movement patterns associated with elevation of the upper extremity. There should be clear 

aims to the examination: 

 

 Is the shoulder stiff? 

 Is there impingement? 

 Is there scope for rehabilitation? 

 Is there damage to the rotator cuff that would be appropriate for surgery? 

 

A close inspection of both shoulders may reveal subtle atrophy, swelling, or deformity of 

the affected shoulder. The shoulder should then be palpated for tenderness points and then 

active movement should be observed. The physical examination should evaluate the shoulder 

range of motion, tenderness to palpation, strength, and stability.  

 

 

Range of Motion and Tenderness 
 

The motion of both shoulders should be assessed actively and passively. Forward 

elevation and elevation on the scapular plane as well as internal and external rotation with the 

arm on the side and in 90 degrees of abduction should be performed. Generally, a patient with 

rotator cuff injury will exhibit a limited active range of motion and a greater passive range of 

motion as compared with a patient with adhesive capsulitis, in whom both active and passive 

motion will be equally restricted. 

A painful mid-range arc of motion from approximately 80 to 120 degrees may indicate 

rotator cuff impingement. Overhand throwing athletes will often exhibit an increased active 

and passive external rotation as well as a decreased active and passive internal rotation in the 

dominant shoulder compared to the non-dominant shoulder [123-125]. 

Tenderness to palpation may help in the diagnosis. Palpation should include the 

sternoclavicular joint, the clavicular shaft, the AC joint, the bicipital groove, the anterior, 

lateral, and posterior edges of the acromion and the anterior and posterior aspects of the 

glenohumeral joint. Since the large deltoid muscle overlies the rotator cuff, direct palpation of 

the cuff is difficult. A slight extension and/or abduction may allow palpation of the 

supraspinatus insertion. 
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Testing 
 

Strength testing should assess all components of the rotator cuff. 

Resisted abduction assesses the supraspinatus and infraspinatus, resisted internal rotation 

and the lift-off and belly-press tests assess the subscapularis, and resisted external rotation 

assesses the infraspinatus and teres minor.  

Pain and weakness or the inability to resist the physician’s applied force compared to the 

contralateral component indicates an injury involving that portion of the rotator cuff. 

Weakness and pain observed in more than one strength test indicate a more serious injury. 

Painless weakness may suggest a neurologic entity for rotator cuff dysfunction. 

The stability of the shoulder joint should also be assessed when evaluating the rotator 

cuff. Most patients with impingement or a tear have a stable shoulder. However, younger 

patients or overhead throwing athletes, who present rotator cuff signs and symptoms, will 

often have shoulder instability as primary pathology. In these patients, the subtle instability 

may lead to overuse or overload of the rotator cuff, which acts as a dynamic shoulder 

stabilizer. Stability tests can be performed in a variety of positions but more often are done 

with the patient supine on the examination table, with the arm abducted 90 degrees and, in 

neutral rotation, the humeral head will glide anteriorly to the anterior glenoid rim but may 

glide posteriorly up to one half the humeral head diameter off the posterior glenoid rim. 

With the arm externally rotated 90 degrees and the anterior force on the humeral head, an 

anterior capsular endpoint is easily palpated in the normal shoulder. With 90 degrees of 

internal rotation and a posterior force, the posterior capsular endpoint is easily palpated in a 

normal shoulder. 

There are two tests commonly used for impingement in the shoulder: Neer’s sign passive 

abduction of the humerus on the scapula plane against a fixed scapula causing pain and 

Hawkin’s sign: active forward flexion to 90° with internal rotation causing pain.  

Elevation of the arm in external or internal rotation causes critical areas to pass under the 

coraco-acromialligament or anterior acromion. The examiner performs a maximal passive 

abduction on the scapula plane, with internal rotation, whilst stabilising the scapula. 

 

 

Figure 7. Neer’s test. 

These tests have been shown to have a sensitivity of 88.7% and 92.1%, respectively. The 

specificity of Neer’s sign may be improved following an injection of local anaesthetic into the 

subacromial space (Neer’s impingement test). An immediate resolution of shoulder pain and 

dysfunction aim more at a diagnosis of impingement. 
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Hawkin’s sign: the patient is examined while sitting with their arm at 90° and their elbow 

flexed to 90°, supported by the examiner to ensure the maximal relaxation. The examiner then 

stabilises proximal to the elbow with their outside hand and with the other holds just proximal 

to the patient's wrist. Then, they quickly move the arm into internal rotation. 

 

 

Figure 8. Hawink’s test. 

The examination of each individual rotator cuff muscle may indicate if there is any 

dysfunction of the cuff tendon. 

The supraspinatus is isolated from the other rotator cuff muscles in Jobe’s test, although 

there may be a contribution from the deltoid. The shoulder is abducted to 90 degrees on the 

scapular plane and the arm pronated until the thumb is pointing towards the floor. The main 

resistance to downward pressure exerted by the examiner is provided by the supraspinatus 

(with a small deltoid contribution). The test is positive if the patient has a reduced ability to 

resist this pressure, although pain-mediated weakness can occur with inflammation of the 

subacromial bursa.  

 

 

Figure 9. Jobe’s test. 
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Gerber described the ‘lift off test’ for examination of subscapularis function. The patient 

places the arm in full internal rotation with the dorsum of the hand touching the lumbar spine. 

Then, they are asked to move the arm away from the back aiming to touch the examiner’s 

hand, which is held posterior to the patient. The test is positive if the patient is unable to lift 

the arm. In patients unable to internally rotate to the lumbar spine, the ‘belly press test’ may 

be substituted.  

The arm is internally rotated to oppose the palmar aspect of the hand with the abdomen; 

the force of this action is a measure of the subscapularis function. The internal rotation lag 

sign has been reported as being more sensitive in detecting partial ruptures of the 

subscapularis than the lift off test. 

Its magnitude correlates with the tear size. In this test, the arm is passively moved to the 

position of a negative lift off test (internal rotation with the arm held away from the back) and 

released. 

 

 

Figure 10. Lift off test and Belly’s press test. 

Inability to maintain this position is a positive test. 

The external rotation lag sign examines the function of the supraspinatus and the 

infraspinatus. 

 

 

Figure 11. a) Patte’s test b) Yocum test. 
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The adducted arm is flexed to 90 degrees at the elbow and passively externally rotated. 

The test is positive if the arm falls back into neutral rotation when released by the examiner. 

The degree of external rotation lag correlates well with the size of the supraspinatus/ 

infraspinatus rupture. 

The Yocum test, the horizontal adduction test, the painful arc sign, the empty can test, the 

drop arm test, the Speed test, the Yergason test, the Pattes test, are common tests used in 

clinical evaluation of rotator cuff [126]. 

The primary outcome can be measured with the short form of the disability of the arm, 

shoulder and hand questionnaire (quick Dash questionnaire) for the assessment of physical 

ability and symptoms of the upper extremity. The Disabilities of the Arm, Shoulder, and 

Hand questionnaire (DASH), together with its short form (QuickDASH), is the most 

widespread, best-tested and characterized instrument for the shoulder assessment. However, it 

is region specific, i.e., specific to the arm, not just to the shoulder. The DASH stands out as 

an instrument positioned between the generic (as, for example, the Short Form 36) and the 

shoulder-specific measures, i.e., all the other tools of the review: it forms the link between 

these two philosophies. It is recommended for a comprehensive assessment in conditions 

affecting different regions of the arm and for research studies. 

The Shoulder Pain and Disability Index (SPADI), the Constant (Murley) Score (CS), and 

the American Shoulder and Elbow Surgeons (ASES) questionnaire for the shoulder are also 

well characterized and accepted in the scientific community. The SPADI is, together with the 

patient ASES, the shortest self-assessment and shows high validity. The ASES is a 

sophisticated measure for the patient and the examiner, offering a relatively large number of 

items, often too long for clinicians. There are sparse data about the clinical (examiner-based) 

part of the ASES. The CS is the shortest self- and examiner-based tool. It combines the data 

of both into one total score. However, its inter-tester reliability is low and its validity is 

affected by the problem of different protocols on how to measure the strength. 

Costant-Murley shoulder outcome score for the determination of range of motion, pain 

and strength. The Constant-Murley rating system is composed of subjective (35%) and 

objective (65%) parameters. 

The Simple Shoulder Test is a practical tool for assessment of the shoulder function.  

The 12 questions that form the Simple Shoulder Test can be separated into four 

categories (pain, motion, strength, and function), with characteristics similar to those of the 

other more complex scales. On a 100-point scale, with the questions weighted equally, the 

weights of the various categories are similar to those of the other scales. The Simple Shoulder 

Test questions are answered easily by the patient without assistance. The test allows a 

prospective description of the patient’s shoulder function before intervention.  

Finally, the Western Ontario Shoulder Instability index (WOSI) was selected because, in 

the last few years, it has become the most used and best psychometrically tested assessment 

of shoulder instability, although there is still a lack of testing data [127,128]. 

 

 

Imaging Studies 
 

Imaging studies are commonly used to identify and differentiate the source of the injury. 

Physical therapists should be familiar with the indications, limitations, risks, and benefits of 

the musculoskeletal imaging practice in order to facilitate the professional interaction and 
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communication with patients, physicians, or other health care providers. The indication for 

any imaging study is that its outcome will impact a clinical diagnostic, prognostic, or 

intervention decision [129, 130]. 

 

 

RADIOLOGICAL INVESTIGATION 
 

Plain Radiographs 
 

Radiographs are the initial imaging modality that gives clarity to the information gathered 

during the subjective interview and the subsequent objective examination. While there are 

many specialized radiographic views, routine views usually include, at least, an AP and 

lateral (transscapular Y) perspective. The inclusion of at least two cardinal plane views 

(coronal and sagittal) allows an orthogonal perspective of a three-dimensional anatomical 

structure. The AP view often combines both an internal and external rotation position of the 

humerus in order to fully visualize the humeral head and the proximal humerus. The third 

cardinal plane (transverse) can be evaluated with an inferosuperior projection called an 

axillary view. 

The AP view affords a look at the lateral half of the scapula with the ribs and lungs 

superimposed on the medial half. At the glenohumeral joint, the AP view will normally show 

a lens-shaped overlap of the humeral head on the glenoid rim secondary to the oblique 

orientation of the scapula on the thorax. This view provides a high-quality image with clear 

osseous detail due to the relatively low density and homogenous distribution of the 

surrounding soft tissues. For a true AP view (Grashey view) the x-ray beam must be directed 

perpendicularly to the scapula or about 40° lateral to the AP view.  

While this view provides more information on the joint congruency and degeneration, it 

does sacrifice image clarity because of the increased soft tissue density. 

The second projection is a lateral view to evaluate the whole body of the shoulder blade 

in profile. Lateral views are obtained by projecting an x-ray beam parallel to the plane of the 

scapula or approximately 60° lateral to the conventional AP view. The glenohumeral 

alignment and the acromial morphology can be appreciated with this view. The transverse 

plane axillary views are created by an x-ray beam that is directed from proximal to distal. If 

the arm is able to abduct, the x-ray beam will be tilted medially to compensate for the upward 

rotation of the scapula. This view can also assess the anterior-posterior glenohumeral 

alignment and detect any glenoid rim abnormality. 

Plain film radiographs are an important screening tool and are indicated in all patients 

with a history of shoulder pain for more than 6 weeks [131]. 

An axial view may detect an os acromiale, which may have an influence on the 

management. In more advance cases of RCD, where full thickness tears are present, there 

may be a superior migration of the humeral head with a reduction of the acromiohumeral 

distance. 

It may show a decreased acromiohumeral interval 

 

 <6mm on true AP shoulder radiograph 

 <2 mm on an 'active abduction' view 
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It may show decreased supraspinatus opacity and decreased bulk due to atrophy; in 

chronic cases, it may be seen (on an 'outlet view') a humeral subluxation superiorly while, in 

late cases, it may show features of acromial impingement - spur formation on the 

undersurface of acromioclavicular joint acromion with an inferolateral tilt (type III acromion) 

seen on the outlet view i.e., modified 'Y' view, secondary degenerative changes - sclerosis, 

subchondral cysts, osteolysis, and notching or pitting of greater tuberosity [132]. 

 

 

Figure 12. Antero-posterior radiological projection From: Imaging of the Shoulder for the Sports 

Physical Therapist http://www.continuing-ed.cc/ 2013.pdf. 

 

Figure 13. Axillary radiological projection From: Imaging of the Shoulder for the Sports Physical 

Therapist http://www.continuing-ed.cc/ 2013.pdf. 
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Figure 14. Y view radiological projection From: Imaging of the Shoulder for the Sports Physical 

Therapist http://www.continuing-ed.cc/ 2013.pdf. 

Fractures may appear dramatically different in alternate views so it is important to get 

tangent views to appreciate the 3- dimensional aspect of the shoulder. A single plane view is 

inadequate in most instances leading to the common sentiment that “one view is no view.” 

 

 

Ultrasound 
 

Ultrasound (US) is a readily available and cheap modality for looking more specifically 

at the rotator cuff and surrounding structures.  

Ultrasonography is well tolerated and cost-effective. Its disadvantages include a long 

learning curve and a reduced sensitivity in patients who are obese or who have severely 

restricted shoulder movement. US has been shown to be sensitive at picking up fluid around 

the cuff tendon, suggesting a cuff tendonitis and subacromial bursitis. 

A good-quality ultrasound equipment is essential to produce satisfactory images of the 

cuff tendons with good resolution. A high frequency (7- to 15-MHz) linear-array probe is 

required. 

Examination techniques vary, with some operators preferring to face the patient and 

others preferring to stand behind, scanning over the patient's shoulder. 

The long head of biceps tendon is examined within the intertubercular groove, on both 

the transverse and longitudinal planes, with the patient's arm in a neutral position and the 

elbow flexed to 90°. The presence of fluid around the tendon is noted, and a search for fluid 

in the subdeltoid bursa is made. With the shoulder externally rotated, the subscapularis tendon 

is brought into view and examined on both planes, with the imager taking care not to 
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misinterpret the multipennate nature of the tendon as an indication of a tear. A search for 

subluxation or dislocation of the long head of biceps tendon is made at this stage. 

Then, the patient is asked to rotate the shoulder internally. This movement is achieved 

either by placing the forearm behind the back with the palm facing posteriorly or by placing 

the palm on the upper buttock. Both positions provide slightly different degrees of internal 

rotation and may be used in combination. The supraspinatus and infraspinatus tendons are 

now evaluated on both the transverse and longitudinal planes. The presence of fluid in the 

bursa may be assessed again, as it may the contour of the bony surface of the humerus. The 

examination is completed by requesting the patient to place a hand on the contralateral 

shoulder.  

 

 

Figure 15. Ultrasonography aspect of rotator cuff injury. 

This position allows further assessment of the infraspinatus tendon, if required, providing 

a view of the acromioclavicular joint under stress and a deep view of the spinoglenoid notch 

where ganglia or other mass lesions can cause compression of the suprascapular nerve. 

Full-thickness tears extend from bursal to articular surface, while partial thickness tears 

are focal defects in the tendon that involve either the bursal or the articular surface. Full-

thickness appears on ultrasound as hypoechoic/anechoic defects in the tendon. Due to the 

fluid replacing tendon, cartilage shadow gets accentuated giving a 'double cortex' or 'cartilage 

interface sign.' 

Also, due to the defect, the overlying peribursal fat dips down into the tendon gap, 

creating a 'sagging peribursal fat' sign. 

In summary, direct signs are non-visualization of supraspinatus tendon and hypoechoic 

discontinuity in tendon. Indirect signs are double cortex sign, sagging peribursal fat sign, 

compressibility and muscle atrophy. 

Secondary associated signs are cortical irregularity of greater tuberosity, shoulder joint 

effusion, fluid along biceps tendon, fluid in axillary pouch and posterior recess [133]. 



Raoul Saggini, Simona Maria Carmignano and Rosa Grazia Bellomo 154 

MAGNETIC RESONANCE IMAGING 
 

Magnetic resonance imaging (MRI), although not always easily accessible, can give 

further information about the rotator cuff. Again, it is accurate at identifying abnormal fluid 

around the tendon. It has similar accuracy to US at identifying partial and full thickness tears 

[134]. 

A linear altered signal within the tendon itself may indicate the presence of an 

intratendinous tear. 

Full thickness tears can be assessed in terms of the degree of retraction. Complete tears 

are easier to diagnose on MRI than full-thickness tear.  

Hyperintense signal area is usually seen within the tendon on T2W, fat-suppressed and 

GRE sequences, corresponding to fluid signal. Partial tears are extending to either bursal or 

articular surface, or sometimes intrasubstance. A retraction of tendinous fibers from the distal 

insertion into the greater tuberosity may also be considered a partial tear. 

 

 

Figure 16. RMN Partial-thickness tear seen better on angled oblique sagittal views. 

Complete tears extend from articular to bursal surface, most commonly in supraspinatus 

tendon. Presence of tendon defect filled with fluid is the most direct sign of rotator cuff tear. 

Tendon retraction may also be present.  

Indirect signs on MRI are subdeltoid bursal effusion, medial dislocation of biceps, fluid 

along biceps tendon, and diffuse loss of peribursal fat planes. Muscle atrophy is seen in 

chronic cases. Chronic tears have degenerative changes at the acromioclavicular joint, 

acromioclavicular joint cysts, as well as intramuscular cysts. MR arthrography may enhance 

the detection of rotator cuff tears, especially complete tears. 
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The American College of Radiology (ACR) appropriateness criteria are evidence-based 

guidelines that should help the practitioner in selecting the most safe, effective, and efficient 

forms of imaging to guide diagnostic, prognostic, and intervention treatment strategies.  

The ACR recommends an AP and axillary or true lateral (scapular Y) x-ray, as the initial 

study for all traumatic injuries to the shoulder, to rule out any fractures or dislocations. MRI 

is indicated if initial radiographs are normal and symptoms associated with rotator cuff 

pathology, joint instability, or labral tears are present on the clinical exam. CT can be 

considered if MRI is unavailable or contraindicated and ultrasonography can be used to 

evaluate soft tissue lesions if an operator expertise is available [135]. 

 

 

Figure 17. Diagnostic imaging algorithm From: Imaging of the Shoulder for the Sports Physical 

Therapist http://www.continuing-ed.cc/ 2013.pdf. 

 

CONSERVATIVE MANAGEMENT OF ROTATOR CUFF INJURIES 
 

The conservative approach consists of several interventions. The aim of these is to 

decreasing shoulder pain and regain shoulder function, with the goal to reduce the degree of 

impigment, decrising swelling and inflammation, and to minimize the risk of further injuries 

[136]. 

Numerous studies support conservative therapy as the mainstay of treatment for the 

mildest forms of rotator cuff pathology [137]. 

With conservative treatment, the patient generally experiences a decreased pain and 

symptoms within the first two weeks of therapy. 
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In literature, the treatment of rotator cuff syndrome is basically conservative, using 

exercises, NSAIDs, cortisone infiltrations and cryotherapy to relieve pain; manual therapy 

and therapies using physical energy such as ultrasound, lasers, hyperthermia, electro-

analgesia and shock waves to restore the compromised mobility of the joint.  

Molecular and histopathological studies on tendons have re-enforced our understanding 

of the mechanisms underlying tendon healing [138]. 

Some evidence has been obtained from animal models of experimentally induced tendon 

damage. In general, [139] the healing process of an injured or compromised tendon passes 

throughout three main phases containing distinctive cellular and molecular cascades. These 

phases can overlap and their duration is dependent on the location and severity of the disease 

[140]. 

The initial inflammatory stage begins with the formation of a hematoma shortly after 

injury. The inflammatory cells such as neutrophils, monocytes and macrophages are attracted 

to the injury site by pro-inflammatory cytokines [141]. 

Secreted angiogenic factors initiate the formation of a vascular network, which is 

responsible for the survival of the newly forming fibrous tissue at the injury site. 

Despite being profuse and haphazard, the initial vascular response is essential, since it 

has been shown that a dimunition of blood supply impairs the healing [142]. 

Next, components of the ECM (extracellular matrix), predominantly collagen type III, are 

synthesized by recruited fibroblasts. 

 

 

Figure 18. Molecular and cells involving in tendon repair. 

After a few days, the proliferation stage takes place accompanied by the synthesis of 

abundant ECM components, including those of proteoglycans type. Further features of this 

stage are an increased cellularity and the absorption of large amounts of water. The 

remodeling stage includes two sub-stages; it begins 6–8 weeks after the injury and takes 

around 1–2 years, depending on the age and condition of the patient. The first sub-stage, 

consolidation, is characterized by a decrease in cellularity and matrix production, as the tissue 

becomes more fibrous through the replacement of collagen type III by collagen type I. 

Collagen fibers start, then, to organize along the longitudinal axis of the tendon, thereby 
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restoring the tendon stiffness and the tensile strength. After approximately 10 weeks, the 

maturation stage starts, this includes an increase in collagen fibril cross linking and the 

formation of more mature tendonous tissue. 

The key molecular and the cellular matrix change during the three main phases of tendon 

repair. Each healing stage is characterized by an involvement of different growth factors, the 

activation of certain cell types and the production of essential matrix proteins, which 

collectively contribute to the replacement of the initial fibrous tissue with more a tendinous 

regeneration [143]. 

At present, Extracorporeal Shock Wave Therapy (ESWT) is widely applied in the 

treatment of musculoskeletal disorders, such as calcifying tendonitis of the shoulder, lateral 

epicondylitis of the elbow and proximal plantar fasciitis; in addition, the success rate of the 

application ranges from 65% to 91%. 

ESWT could promote a growth and differentiation of bone marrow stromal cells toward 

osteoprogenitors. Moreover, ESWT induces positive effects on the proliferation in primary 

human cancellous osteoblasts and in the collagen type 1 expression in osteoblast-like cells. 

Researchers have shown that the local delivery of ESWT stimulates the early expression of 

angiogenesis-related growth factors, including endothelial nitric oxide synthase, vascular 

endothelial growth factor and proliferating cell nuclear antigen [144]. As a consequence, it 

results in new vessel in-growth that improves blood supply, increases cell proliferation and 

accelerates tissue regeneration and healing.  

Moretti B. et al. have found that the ESWT application down-regulates the intracellular 

levels of TNF-alpha and IL-10 by chondrocytes [145]. 

Berta L. et al. [146] confirm that the ESWT treatment promotes and improves the repair 

process through accelerated timing of RNA expression for TGF-β1, collagen I and collagen 

III (related to untreated fibroblasts). In line with the previous reports that used a rat model, a 

rabbit model and also on human tendon ailments, their results support the efficacy of the 

clinical application of ESWT in different types of tendonopathies and tendon injuries [147]. 

Mariotto et al. [148] describe the possible molecular mechanism that triggers the anti-

inflammatory action of ESWT, focusing on the possibility that ESWT may modulate the 

endogenous nitric oxide (NO) production, either under normal or inflammatory conditions. 

Data on the rapid enhancement of endothelial NO synthase (eNOS) activity in ESWT-treated 

cells suggest that increased NO levels and the subsequent suppression of NF-кB activation 

may account, at least in part, for the clinically beneficial action on the tissue inflammation. 

Tamma et al. [149] demonstrated the activation of the cyclin E2/ CDK2 complex, which 

is essential for cell proliferation, since it regulates the G1-S transition, and found an increase 

of RUNX2 RNA expression 24 h after the ESWT stimulation. This indicates that ESWT 

positively affects the osteoblast activity and the extracellular matrix secretion. Osteocalcin, a 

late marker of osteoblast differentiation, also increased 72 h after the ESWT. Extracorporeal 

shock waves cause stimulation of tissue healing, reduction of calcification and inhibition of 

pain receptors or denervation to achieve pain relief. 

The first evidence that ESWT promotes the tendinitis repair, coincides with an increases 

in TGFb1 and IGF-I. These growth factors have been found to up-regulate the extracellular 

matrix biosynthesis by tenocytes. It has been proposed that these increased mitogenic and 

anabolic responses of tendon tissue can be responsible for the clinical success of ESWT in 

resolving tendon pathologies. 
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The tenocytes can respond to mechanical stimulation by increasing the TGF-b1 gene 

expression. These findings seem to indicate that the tendon tissue can convert ESWT 

stimulation into biochemical signals via release of TGF-b1 and IGF-I for tendinitis repair 

[150, 151]. Saggini et al. demonstrated the positive effects of ESWT in the healing of difficult 

wounds in vivo [152, 153]. In 2005, Caminoto et al. [154] evaluated the effects of ESWT on 

the extra-cellular matrix components of affected ligaments in the hind limbs of horses, using 

ultrasonographic, ultrastructural, and immunocytochemical techniques. Compared to the 

untreated controls, ESWT-treated tissue had smaller, newly formed collagen fibrils and a 

greater expression of Transforming Growth Factor beta, 4 weeks after treatment. These 

results have indicated that ESWT appears to facilitate the healing process. Moreover, TGF-b1 

has been reported to act as a potent inhibitor of macrophages-induced extracellular matrix 

degradation and inflammation during the healing of a wound.  

Bosch et al. [155] studied the effect of ESWT on the biochemical parameters and the 

tenocyte metabolism of normal tendinous structures in ponies. They found that, 3 hours after 

the treatment, glycosaminoglycan (GAG) and protein syntheses were increased. Moreover, 

the level of degraded collagen increased. Six weeks after the treatment, there was a decrease 

of the degraded collagen and GAG contents, as well as the synthesis of all the measured 

parameters. The DNA content had not changed in either tendon samples or explants after 

culturing.  

The authors supposed that the stimulating short term effect of ESWT might accelerate the 

initiation of the healing process in injured tendons. The treated fibroblasts showed an increase 

in proliferation. The mRNA expression was also high for TGFbeta-1, for collagen type I and 

for collagen type III.  

These data seem to confirm that the main factors involved in the repair process of 

connective tissues are activated by the ESWT [156, 157]. On the other hand, the international 

literature is unanimous in considering the viscosupplementation as an effective treatment for 

reducing the pain associated with the rotator cuff syndrome and improving the joint function.  

The viscosupplementation is performed through the intra-articular infiltration of 

exogenous hyaluronic acid, or its derivatives, in order to restore the rheological properties of 

the synovial fluid which is also made by lubricina and phospholipids. Hyaluronic acid is able 

to increase the viscoelastic properties of the synovial fluid protecting cartilage from 

mechanical stress and reducing pain [158]. 

It is thought that the analgesic effect of the treatment with intra-articular hyaluronic acid 

may be correlated to several mechanisms which include the reduction of nociceptive 

stimulation through the production of a elasto-viscous barrier, around the nociceptive afferent 

fibers in the intracellular matrix. The long-term efficacy of this treatment on symptoms 

(ending after a certain time in relation to the effective time of permanence of the product in 

the joint) may be related to the restoration of the endogenous synthesis of high quality 

collagen [159]. 

The intra-articular treatment should ideally not only ensure the mechanical protection of 

the articular surface, but also rebalance the homeostasis of the chondrocytes through the 

restoration of the microenvironment and nutritional supplements of the joint. Literature has 

also demonstrated, with encouraging results, the effectiveness of polynucleotides, such as 

Condrotide, in the treatment of osteoarthritis in comparison to the standard treatment of 

viscosupplementation with hyaluronic acid. Condrotide is a compound made up of 

polynucleotides (20mg/ml), polymeric molecules which can retrieve large amounts of water 
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and reorganize their structure directing and coordinating water molecules to form a three-

dimensional gel. Such polymeric molecules can deeply moisturize the articular surface and 

are subjected to the enzymatic cleavage with a progressive intra-articular release both of the 

water molecules and of the small oligonucleotides, thus maintaining the moisturizing and 

viscoelastic effect for a long time [160]. Polynucleotides are derived from natural sources. It 

has been shown that the derivatives of the enzymatic degradation of the polynucleotide chains 

(simple nucleotides, nucleosides and nucleobases) are physiologically present in the 

extracellular environment and can represent a good substrate for cells [161-164]. 

Platelet-rich plasma (PRP) is developed from autologous blood injections with the aim of 

improving the tendon healing. Evidence points to specific growth factors within the blood that 

promote the healing process, but evidence refutes the effects of using whole blood injections. 

When using PRP, the platelets add more growth factors to the injection site for seven to 

ten days. These growth factors are transforming growth factor b1 (TBFb), platelet derived 

growth factor, vascular endothelial growth factor, hepatocyte growth factor, and insulin-like 

growth factor 1. These factors are biologically active and stimulate angiogenesis, 

epithelialization, cell differentiation, proliferation, and the formation of extracellular matrix 

and fibrovascular callus. 

Previous studies, examining tenocyte cultures, showed that cell proliferation and total 

collagen production was enhanced with platelet-rich plasmaclot releasate (PRCR). Recent 

studies provide evidence that the PRP treatment in vivo may enhance the tendon healing by 

increasing the tenocyte number and the production of collagen (types 1 and 3), which makes 

up a major portion of the tendon [165]. For the exercise program, patient should be educated 

to modify the activities in order to eliminate the offending motions such us reaching 

overhead. In literature it is not possible to find randomized clinical trials about standardized 

methods and the effectiveness of exercise [166, 167]. 

Codman’s pendulum exercises and exercises against thera-band resistance are commonly 

used in the clinical practice since they proved to be effective in relieving pain, strengthening 

the rotator cuff, stabilizing the scapular muscle and improving ROM and muscle elasticity.  

 

 

Figure 19. Codman’s pendulum exercises From: Francesco Inglese –La Spalla Riabilitazione 

Ortopedica – II
a 
ed.Forlì-Italy-2015. 

The therapeutic exercise programs within the literature related to rotator cuff injuries 

generally consisted of stretching the anterior and posterior shoulder girdle, muscle relaxation 
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techniques, motor learning to normalize dysfunctional patterns of motion, and strengthen the 

rotator cuff and scapular muscles. 

Observational studies suggest the beneficial effect of physical therapy although the 

results of case series investigations are not comparable with each other because of difference 

in study designs, inclusion criteria, interventions, types of exercise outcome measurements, 

follow up times and home versus clinical based program. Conroy et al. [168] found 

significant improvements in pain when the exercise was combined with manual therapy but 

not in the exercise alone. Interestingly, they documented significant statistical and clinical 

improvements in the range of motion for both groups. 

With the neurocognitive approach and the sematosensory discrimination exercises, the 

spatial feature of perceived objects is extracted and subsequentially integrated by higher 

cortical functions in a mental representation of the object shape.  

This may be used on patients with shoulder injuries, since they often exhibit alterations 

during the arm elevation, increased middle deltoid and latissimus dorsi activity [169]. 

Manual therapy techniques that can be used in the RCD treatment, include deep friction 

massage, exercise and soft tissue and joint mobilization techniques. 

Considering the effect of the myofascial manual therapy, one can speculate that the 

proprioceptive feedback is transmitted by deep level of receptors. This might improve 

neuromuscular control in the movement patterns of the shoulder girdle and the scapular 

motions. Manual therapy applied by experienced physical therapists, combined with 

supervised exercise in a brief clinical trial, might achieve better and quicker results than 

exercise alone in increasing the strength, decreasing the pain, and improving functions in 

patients with shoulder impingement syndrome. Although the use of manual therapy has been 

described to reduce pain, manual therapy has also a positive impact on the functional 

movement in patients with shoulder pain [170, 171]. 

Based on these premises, our protocol used the neurocognitive rehabilitation on shoulder, 

consisting on advanced joint rehabilitative and postural systems in microgravitary and aquatic 

environments. Saggini et al. show that a complex rehabilitative approach consisting of 

administration of physical advanced energies such as ESWT and/or hyaluronic acid, together 

with a protocol of articulation-specific motor rehabilitation and postural program is very 

significative for the healing of rotator cuff lesions. With the experience accumulated over the 

years and published research [171-173], the Authors propose a rehabilitation conservative 

global model for the rotator cuff syndromes with medium tears: ESWT and intraarticular 

injection with Hyaluronic Acid or Polynucleotides, associated with the increase of R.O.M., 

articulate with a postural rebalancing with Multi Joint System and a dynamic antigravity 

postural system (SPAD). 

The first phase (0-2 weeks) aims at avoiding stiffness, reduction of pain, and restoring a 

correct scapula-thoracic and glenohumeral relationship. Passive mobilization and manual 

therapy are associated to: 

 

 ESWT (Electrohydraulic Spark Gap device) with therapeutic waves, medium 

strength power was used at 0.132 mJ/mm2 and 600 waves were administered per 

sitting. Local anaesthetics have never been used. 

 Intraarticular injection: 4 sessions of infiltrative treatment with hyaluronic acid 

(sodium hyaluronate 40.0 mg - 1100 million Dalton), once a week or 4 sessions of 

infiltrative treatment with infiltrative polynucleotides once a week (40 mg of a 
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compound made up of polynucleotides, polymeric molecules which can retrieve 

large amounts of water and reorganize their structure directing and coordinating 

water molecules to form a three-dimensional gel). 

 

At the beginning, passive exercises are carried out in anteposition, not exceeding 80° and 

of abduction on the scapula of 30°-70°, external rotation in anteposition of 30° and ROM 

between 0° and 60°; internal rotation and adduction are avoided; 2 sessions of shockwaves 

are performed. 

 

 

Figure 20. Passive movement and myofascial manual therapy at the Center of Physical Medicine and 

Rehabilitation, University "G. d'Annunzio" in Chieti. 

 

Figure 21. Anterior Lifting modified from: Back Fly www.riabilitazionespalla.it. 
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In the second phase (3-4 weeks) the patients are more involved in their own recovery, 

with a cautious beginning of internal rotation, abduction up to 90° and activities using the 

dynamic antigravity postural system (SPAD); and 2 sessions of infiltrative treatment and 

shockwaves are performed. 

 

1. Anterior elevation: with the aid of a stick maintained with close hands, raise up to the 

maximum amplitude as possible and maintain the position for 3-5 sec. Repeat 10 

times 

2. Outdistance gradually the grip and repeat the exercise 10 times. 

3. Anterior elevation: lying down with knees flexed and feet on the on the examination 

table. With the help of the stick, push in elevation the arm concerned to the 

maximum amplitude possible. Hold for 3-5 seconds. Return to the position of arms 

forward. Repeat 10 times. 

4. Anterior elevation: lying down with knees flexed and feet on the on the examination 

table. Drop the extended arm. The action of gravity is aided by a weight placed on 

the arm or on the elbow. Hold for 3-5 seconds. Repeat 10 times. 

5. Anterior elevation: standing up facing the table, stretch the arm sliding the hand on 

the surface. Hold for 3-5 seconds. Repeat 10 times. 

 

 

Figure 22. Internal-external rotation extension-adduction modified from: Back Fly 

www.riabilitazionespalla.it. 

6. External-internal rotation: position of siesta. Lying with flexed knees and feet on the 

on the table. Hands crossed behind the neck. Remove the elbows sideways; hold the 

position for 3-5 seconds. Subsequently, get the elbows close and keep the position 

for 3-5 sec. Repeat 10 times. 
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7. Internal-external rotation: arms in candlestick position. Lying with knees and feet 

resting on the table. With bent elbows at 90°, keep the stick with wide hands; drop 

the arms in external rotation up to the maximum amplitude possible. Keep the 

position for 3-5 seconds. Switch position to internal rotation. Repeat 10 times. 

8. Internal rotation: lying down with flexed knees and feet on the on the examination 

table. Arms close to the body with the elbow flexed at 90°. With the help of the stick, 

bring the affected arm in external rotation. Hold for 3-5 seconds. Repeat 10 times. 

9. Extension: Lying with flexed knees and feet on the examination table. Drop the 

extended arm out of the table, to facilitate the movement of extension. Hold the 

position for 3-5 seconds. Repeat 10 times. 

10. External rotation: lying in the prone position. Position the hand behind the back and 

grasp the clothes belt. Drop the elbow down slowly. Hold for 3-5 seconds. Repeat 10 

times. 

11. Abduction: sitting down, keeping a stick with hands distant from each other and 

facing the same side (right or left). With the pressure of the opposite arm, raise the 

contralateral arm sideways. Hold for 3-5 seconds. Repeat 10 times. 

 

 

Figure 23. Internal-external rotation extension-adduction-intrarotation modified from: Back Fly 

www.riabilitazionespalla.it. 

12. Standing by the side, resting against the door frame, the arm along the side and the 

elbow flexed to 90°. With the pressure of the stick, the movement of external rotation 

is facilitated, the affected arm must not move away from the side. Hold for 3-5 

seconds. Repeat 10 times. 

13. Sitting with the side facing towards a supporting surface. After placing the flexed 

elbow to the same shoulder height, tilt the trunk forward. This will perform an 

external rotation of the shoulder. After reaching the maximum position, maintain it 

for 3-5 sec. Repeat 10 times. 
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14. Adduction in retroposition: after taking a towel, the affected arm is pulled from the 

contralateral towards the opposite side. Once the highest possible position is reached, 

keep for 3-5 sec. Repeat 10 times. 

15. Internal rotation: after taking a towel with the affected arm tug it up along the back. 

After reaching the maximum position, maintain it for 3-5 seconds. Repeat 10 times. 

16. Adduction in anteposition: after taking the elbow, pull the arm toward the trunk. 

Reach the highest possible position; keep it for 3-5 sec. Repeat 10 times. 

17. Intrarotation: lying in the lateral decubitus position on the same side of the affected 

arm, elbow flexed to 90°. With the contralateral hand, take the wrist and push it 

toward the table. Reach the highest possible position; keep it for 3-5 seconds. Repeat 

10 times. 

 

 

Figure 24. Internal-external rotation extension-adduction-intrarotation modified from: Back Fly 

www.riabilitazionespalla.it. 

18. Anteposition with pulley: initially perform the exercise facing the pulley.  

19. Subsequently, to make the exercise more intense, place the back supporting the door. 

The contralateral arm, when lowering, elevates the affected arm keeping it stretched. 

Reach the highest possible position; keep for 3-5 sec. Repeat several times. 

20. Abduction with pulley: sitting with the back against the door, the arm contralateral, 

when lowering, elevates sideways the affected arm, which starts from an outstretched 

position. Reach the highest possible position; keep for 3-5 seconds. Repeat several 

times. 

21. Internal rotation with pulley: the affected arm holding the pulley behind the back; the 

contralateral lowers, facilitating, thus, the internal rotation. Reach the highest 

possible position; keep for 3-5 sec. Repeat several times. 
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Figure 25. Internal-external rotation extension-adbuction modified from: Back Fly 

www.riabilitazionespalla.it. 

22. Anteposition to the wall: standing up facing the wall or the jamb of a door, legs 

spread sagittally. Put the affected hand on the wall and slip it gradually upward. With 

the contralateral hand sustain the body, in order to increase the pressure towards the 

wall, keep for 3-5 seconds. Repeat 10 times. 

23. Abduction to the wall: standing up next to the wall and legs spread sideways. Lay the 

affected hand on the wall and slide it gradually upwards. Reach the highest possible 

position; keep for 3-5 sec. Repeat several times. 

24. Abduction to the wall: with the flexed elbow. To allow a greater abduction the 

exercise can be performed with a pillow between the elbow and the door. Reach the 

highest possible position; keep for 3-5 sec. Repeat several times. 

25. Internal rotation to the wall: standing up with the back to the wall. With the hand of 

the affected arm, keep the edge of the wall or the door jamb and move sideways. 

(towards the right if the affected shoulder is the right and to the left if the affected 

arm is the left). Reach the most lateral possible position; increase the rotation by 

bending the knees and slipping the back on the wall. Hold for 3-5 seconds. Repeat 10 

times. 

26. External rotation to the wall: standing up in front of the wall, the left arm on the side, 

elbow flexed to 90°. Rest the hand of the affected arm to the wall. With the 

contralateral hand, fix the elbow to the side. Turn the body towards the opposite side 

to increase the external rotation. Reach the maximum possible position; keep for 3-5 

sec. Repeat several times. 
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Figure 26. Stabilizing muscles of the gleno-humeral joint. Modified from: Back Fly 

www.riabilitazionespalla.it. 

In the third phase (4-6 weeks) a progressive increase of the work load is carried out with 

complete strengthening of the shoulder muscles and proprioceptive re-education, together 

with a therapy with the proprioceptive Multi Joint System, to recuperate the mobility and the 

muscle strength of the shoulder and with the SPAD to correct the body and shoulders posture.  

 

27. Stabilizing muscles gleno-humeral joint: sitting with the arms outstretched on the 

sides with hands in support of chair. The pressure may be mild or intense until 

reaching the lifting of the body from the supporting surface. Hold the position for 3-5 

seconds. Relax and repeat 10 times. 

28. Pectoralis major: sitting with the arms outstretched on the sides, slightly slanted 

forward. Apply a downward thrust as in the attempt to lengthen the arms. Maintain 

the pressure for 3-5 seconds. Relax and repeat for a total of 10 times. 

29. Latissimus dorsi: sitting with the arms outstretched on the sides slightly oblique 

backwards. Apply a downward thrust as in the attempt to lengthen the arms. 

Maintain the pressure for 3-5 seconds. Relax and repeat for a total of 10 times. 

30. Depressor muscles: sitting with the arms outstretched on the sides, elbows grabbing a 

stick that rests on the ground with one of the two ends. Apply a downward thrust for 

3-5 seconds. Relax and repeat 10 times. 

31. Abduction movement. It runs in 3 phases. Initially push with outstretched arms 

downwards. Subsequently rotate externally; perform abduction simultaneously to 

these movements. 

32. External rotators: standing up facing the wall, the affected arm tight to the side, 

elbow flexed to 90°. After placing the outer surface of the forearm to the wall, push 

outward. Keep for 3-5 seconds. Repeat 10 times. 

33. Internal rotator muscles: standing up, facing the wall, arm close to the side with 

elbow flexed to 90°. After placing the inner surface of the forearm to the wall, push 

inwards for 3-5 seconds. Relax and repeat 10 times. 
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34. Anterior deltoid: standing up in front of a wall, arm extended along the side, elbow 

flexed to 90 °. Place the fist to the wall and push forward for 3-5 seconds. Relax and 

repeat for a total of 10 times. 

 

 

Figure 27. Deltoid – subscapularis muscle modified from: Back Fly www.riabilitazionespalla.it. 

35. Posterior deltoid: standing up with the back turned to a wall, the arm stretched along 

the side, elbow flexed to 90°. Place the elbow to the wall and push backwards for 3-5 

seconds, relax and repeat for a total of 10 times. 

36. Middle deltoid: standing up next to the wall, the arm lying along the body with the 

elbow flexed to 90°. Place the forearm on the wall and push outside for 3-5 seconds. 

Relax and repeat 10 times. 

37. Subscapularis muscle: standing up, elbow flexed to 90°, arm internally rotated, and 

hand supporting the abdomen with the interposition of a towel. Press against the 

towel for 3-5 seconds, keeping the elbow straight ahead. Relax and repeat for a total 

of 10 times. 

38. Subscapularis muscle: standing up, back turned to the wall, hands behind the back. 

Interpose an object between the hand and the wall (ball, towel or pillow), press 

against the object, keep the pressure for 3-5 seconds, and repeat 10 times. 

39. Subscapularis muscle: in prone position with the hand behind his back. Distance the 

hand and keep it suspended for 3-5 seconds, relax, and repeat 10 times (to intensify 

the exercise it is possible to perform the same using a weight of 1 or 2 kg). 
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Figure 28. Stabilizing muscle of scapula. Modified from: Back Fly www.riabilitazionespalla.it. 

40. Serratus anterior: standing up in front of the wall, arms outstretched in support of the 

same wall with the interposition of an object (ball, pillow, or a towel). Push against 

the wall for 10 seconds, repeat for a total of 10 times. To diversify the muscular 

exercise, the pressure can be performed with a single arm both frontally and laterally. 

41. Serratus anterior, three positions. Lying in the prone position with arm extended 

outside the examining table. Interpose an object between the floor and the hand (ball, 

pillow, towels, books). Press toward the floor; keep the pressure for 3-5 seconds, 

repeat 10 times. To diversify the muscular exercise, bend the arm forward or 

backward from the perpendicular. 

42. Stabilizing muscles of the scapula: lying in prone position, keep the arms hanging 

with elbows flexed at 90°, thumbs pointing upward for 3-5 seconds. Relax returning 

to the starting position and repeat 10 times. 

 

The fourth phase (6-8 weeks) of advanced recovery has as aims: the functional recovery 

of the normal daily activities, and the mobility of the joint equal to the controlateral; the 

active muscle strengthening of the rotator cuff and deltoid; sport specific exercises with the 

aid of rubber bands and weights or practical work; a complete functional recovery of the body 

using SPAD and the force of the shoulder reaching at least 80% of the contralateral using 

MJS. 

The Multi Joint System (MJS) valuational-rehabilitative system of the shoulder is made 

up of a multi-joint anthropomorphic arm that, guided by the patient, can move freely in a 

three-dimensional space. It is used to obtain a good motor control in all the joint zone of the 

shoulder with an optimization of the scapular positioning and contemporarily developing an 

ever-increasing strength of the anterior serratus, rhomboid, latissimus dorsi, trapezius and 

deltoid with different movement patterns. 
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Figure 29. Specific exercises with the aid of rubber bands. Modified from: Back Fly 

www.riabilitazionespalla.it. 

The articulated robotic arm, driven directly by the patient can move freely in a three-

dimensional joint space, detecting simultaneously every single movement that can be viewed 

on the screen by the patient himself. The patient will follow on the computer screen the 

predefined trajectories to perform joint complex movements. They are recorded and can be 

evaluated and compared with benchmarks, helping the operator to build a proper 

rehabilitation protocol. 

 

 

Figure 30. The Multi Joint System valuational-rehabilitative system of the shoulder. 
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MJS helps to obtain a better control of motor movements with an increase in the 

proprioception and an improved sensitivity. The structure of the system is equipped with a 

dense network of electronic sensors interfaced to an electronic processor and allows the real-

time detection of all movements of the shoulder. So it permits an increase of the shoulder 

joint motion in a multi-dimensional axial-type range [174, 175]. 

 

 

Figure 31. Muscular chains and body system. 

The functional recovery of a subsystem should not be considered only as the capabilities 

of mobility and strength and endurance but all the reprogramming motor exercises should 

take into account the recovery of the symmetry of emisomi, the awareness of the body 

position in space, the reaction of the ground-foot constraints, the posture within the rules of 

balance, comfort and energy savings. 

It is therefore necessary to stimulate the muscle-bone-myofascial and neuromotor 

systems as a whole to get a better control of the neuromuscular system and of the body of the 

individual or specific subsystems. 

The Dynamic Antigravitational Postural System (SPAD) is a system of relief of the body 

weight in presence of tapis roulants at its base. It allows working in a three dimensional way 

on the posture correcting the asymmetries between the two emisoma in a microgravitary and 

dynamic environment. The system works with a dual action: 

 

- mechanical, allowing neuromotor retraining with cortico-subcortical forms of 

learning to acquire a new body schema in balance, in particular of the shoulder joints. 

This minimizes the energy consumption required to maintain the posture; 

- Proprioceptive, acting to maintain the adaptations of the body aligment, induced in 

time related to walking. 

 

A dynamic antigravity postural system (SPAD) is made by a conveyor belt, surmounted 

by a lifting structure, which forces the patient to walk perpendiculary on a treadmill; the 

patient is suspended through a mechanical antigravity vertical traction system; a pneumatic 

suspension system, including a self-leveling system, which allows to follow the patient center 

of gravity during its vertical excursions and a second mechanical lateral traction system 

which allows to stabilize the pelvis [176]. 

 



Rehabilitation Approaches of Rotator Cuff Injuries 171 

 

Figure 32. Dynamic Antigravitary Postural System. 

The SPAD includes four anterior mobile arms which act on the rotation components of 

scapulohumeral, the pelvic girdles and on the antero-superior iliac spines; two posterior 

blocking systems located on the back of the patient at the vertebral level T3-T4 and on sacral 

apex. It is used to obtain an optimization of the global body posture, particularly for the 

shoulder complex and for the scapular position. 

 

 

Figure 33. Dynamic Antigravitary Postural System. 



Raoul Saggini, Simona Maria Carmignano and Rosa Grazia Bellomo 172 

The final step in our protocol for the recovery of the motor task is made through 

advanced systems for the proprioceptive and postural recovery and is called I-Moove. 

I-Moove has a balancing platform with helisferic movement; the subsystems of the body, 

in order to maintain an optimal posture, should continuously realign the spatial plans in open 

chain. It also provides a real-time visual feedback which allows monitoring the corrections. 

In summary, the feedback is associated with the instability due to the movement of the 

sliding plane on which the subject performs the motor task. It is possible to perform specific 

exercises for the shoulder with or without the elastic for a complete recovery. 

The aquatic therapy is based upon several important bioengineering properties. The basic 

forces acting upon the patient while in the water consist of buoyancy, drag, and inertial 

forces. Additional factors affecting the patient include hydrostatic pressure and specific heat. 

Despite the continuous refinement of aquatic therapy techniques for the rotator cuff injuries, 

there has been little research that has evaluated its efficacy. Various properties of water 

contribute to therapeutic effects, including the ability to use water for resistance instead of 

gravity or weights; the thermal stability that permits the maintenance of an almost-constant 

temperature; hydrostatic pressure that supports and stabilizes, and that influences the heart 

and lung function; buoyancy that permits floatation and reduces the effects of gravity; and 

turbulence and wave propagation that allow gentle manipulation and movement [177]. 

 

 

Figure 34. I-Moove system. 

Generally, aquatic exercises have potential advantages in facilitating ROM gain and 

muscle use during the early postoperative period. During the aquatic therapy, a significantly 

reduced muscle activity in the middle deltoid and supraspinatus occur during the elevation on 

the scapular plane.  
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Kelly [178] found less activity of the supraspinatus, the infraspinatus, and the deltoid 

during aquatic therapy when compared to landbased exercises. These studies show that 

aquatic exercises can be a safe medium where active ROM exercises can be safely initiated 

without disturbing the operated RC tendons, preventing shoulder stiffness and facilitating 

earlier return of shoulder mobility and function at the same time. The buoyancy of water is 

believed to facilitate the movements by diminishing tensile strain, and therefore, protecting 

the operated tendons. Additionally, warm water aquatic activity provides a heating effect 

which may improve the tissue extensibility. Two published studies that addressed the role of 

aquatic exercises in the rehabilitation of patients following rotator cuff repair were identified.  

Brady et al. [179] conducted a randomized feasibility study, to compare land-based and 

aquatic exercises; at 6 weeks postoperative follow-up, the authors found a significant clinical 

improvement in the passive forward ROM flexion with aquatic exercises.  

However, the authors found no significant difference in external rotation ROM or 

Western Ontario Rotator Cuff (WORC) function score.  

Delbrouck et al. [180] compared inpatient aquatic therapy with outpatient aquatic therapy 

and found no significant difference in ROM between the groups. However, they found 

reduced pain on the postoperative 15th day for patients in the inpatient aquatic therapy group. 

One unpublished thesis was identified comparing an aquatic exercise program with a land-

based exercise program; the author concluded that both programs produced comparable 

outcomes.  

In our clinical experience, idrokinesytherapy can restore the active range of motion in the 

shoulder following injury or surgery and normal shoulder kinematics and, therefore, the 

return to the normal shoulder function. Performing shoulder motion exercises in water should 

support the limb and allow for a range of motion without excessive muscle activation. This 

allows a transition to more advanced dynamic strengthening or conditioning exercises 

performed in the gym [181, 182]. 

The immersion in the water at 33-34° C promotes a rapid mobilization in total safety as: 

 

 It decreases the weight of the arm up to 1/8 of its actual weight; 

 Decrease spasms and muscle pain reducing the joint tension and muscle-tendon 

tension; 

 It allows an intense and continuous proprioceptive stimulation of the whole body; 

 Important psychological aspect are related to relax and leisure. 

 

The recovery in the aquatic microgravitary environment consists of several stages.  

The first phase (0-2 weeks) is aimed at avoiding stiffness, reduction of pain, and restoring 

a correct scapula-thoracic and glenohumeral relationship. 

In this phase, a passive mobilization is achieved: the shoulder is immersed at water level 

and the patient is floating supine. Therapists assist the passive joint mobility exercises with 

the patient supine to minimize the muscular activity. Conversely, the shoulder musculature is 

most active with the rope-and-pulley ROM exercise. The therapist controls the shoulder joint 

to prevent the onset of excessive load. 

As a result, passive ROM exercises should be performed first (in Phase I) and progressed 

to active-assisted ROM exercise (i.e., pulleys) once adequate tissue healing occurs (Phase II). 
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Specifically, passive ROM into flexion >30° and ROM in the scapular plane has been shown 

to reduce stress. 

 

 

Figure 35. Passive mobilization. 

Before starting with the active exercises, proceeds with warm-up exercises. 

Perform movements associated or single, elevation, and retroposition circumduction in 

both directions. 

In some patients the shoulders are already elevated and moved forward, in which case the 

amplitude should be reduced, favoring the opposite movements of depression of the humeral 

head and retroposition. 

The upward movement must be very large because it tends to recruit the upper trapezius 

beams and lift the scapula (these muscles are often sore in patients with pathology of the 

shoulder). 

Progressively, the motor request is refined with the alternating elevation and depression 

of the shoulder, the protraction and retraction both bilateral and limited to a single arm. 

In this way, the subsystem is reactivated and the scapulothoracic movement is improved. 

In the second phase (3-4 weeks) the patients are more involved in their own recovery, 

with a cautious beginning active movement.  

Exercises with the stick are performed to improve the joint movement and for stretching 

in symmetry. The healthy arm drags the affected one on the various planes. They start with 

grip hands close to each other, proceeding gradually to widen the handgrip. 

Shoulders, arms and stick form a closed kinetic chain: it follows that any movement of 

each ring is reflected on the other. 

In the third phase (4-6 weeks) a progressive increase of the work load is carried out with 

complete strengthening of the shoulder muscles. 
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The exercises in this phase are performed with the aid of floating resistances. Concentric 

and eccentric strengthening exercises are made with the use of resistors. 

Exercises with webbed gloves allow work against resistance symmetrically to all planes 

of movement.  

 

 

Figure 36. Warm up exercises. 

 

Figure 37. Exercises with the stick. 
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Figure 38. Exercises with webbed globes. 

Exercises with paddles allow a continuous resistance throughout the movement urging 

the agonist and antagonists muscles in sequence. 

 

 

Figure 39. Exercises with paddles. 

Exercises with floats: by changing the variables represented by the type of float, from its 

position, from grips, the number and different buoyancy, exercises facilitating the movement, 

can be carried out to oppose the motion or stimulate the coordination. The floats can be used 

to increase the amplitude of the joint movement by changing the position of the body 

immersed in water; at the same time, the muscles play an active work, concentric and 

eccentric. 

In this way the work of shoulder joint is associated with strengthening and coordination. 

The float can also be used to recover the joint by letting the upper limb to be pushed by the 

buoyancy force. 
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Figure 40. Exercises with floats. 

The fourth phase (6-8 weeks) of advanced recovery had as aims: the functional recovery 

of normal daily activities, and the mobility of joint equal to the contralateral. Performing a 

proprioception exercise with the tablet maintained in immersion and moved in all directions.  

The tablet can be destabilized by the support of small weights at different places, the 

water turbulence, set in motion by another patient (exercises in pairs) or by the 

physiotherapist. 

 

 

Figure 41. Proprioceptive exercise. 
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The floats can be used in high water as unstable support on which to lean, to allow the 

retaining of some positions or moving the body in various directions. Having a circle and/or a 

basket of balls and with different weight, precision exercises, such as hitting the center of the 

circle, can be done. 

The launch of small tools can be made from sitting, kneeling, or standing position, both 

on the front and on the side. 

With the use of the proprioceptive tablets, normally used for the lower limb, the body can 

be brought to leaning back positions, both in the prone and lateral position, using both arms 

or only one. 

Rubber bands are used in the final stages to improve the general coordination especially 

if associated with the grasp of a ball launched by the physiotherapist. 

 

 

Figure 42. Exercises to improve coordination. 

In our experience, which has included both Neer grade I and II lesions and calcific 

tendonitis in a non operative treatment, the percentage of subjects who have shown a clear 

long-term and lasting benefit has been confirmed as very high. 
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