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Abstract

Rotator cuff tendinopathy is a common cause of shoulder pain and dysfunction, presenting 

in two primary forms: calcific and non-calcific. These subtypes differ significantly in their 

pathophysiology, clinical manifestations, and natural history, necessitating tailored diagnostic 

and therapeutic approaches. This review delineates the clinical presentations of calcific rotator 

cuff tendinopathy (RCCT), characterized by distinct pre-calcific, calcific, and post-calcific stages, 

and contrasts them with the more insidious, degenerative course of non-calcific rotator cuff 

tendinopathy. Diagnostic imaging, particularly musculoskeletal ultrasound, plays a pivotal role 

in differentiating these conditions, offering advantages in cost, accessibility, and dynamic, real-

time assessment over MRI. Treatment strategies range from conservative management with 

NSAIDs and physical therapy to interventional techniques including ultrasound-guided barbotage, 

extracorporeal shockwave therapy, corticosteroid injections, and emerging regenerative therapies 

such as platelet-rich plasma and prolotherapy. Despite advances, further high-quality studies 

are needed to optimize individualized care per rotator cuff tendinopathy classification and to 

clarify long-term outcomes. This review highlights current evidence and clinical decision-making 

considerations to improve the diagnosis and management of rotator cuff calcific and non-calcific 

tendinopathies.
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1. Introduction

Tendinopathy is a broad term defining tendon disorders that result from overuse, 

degeneration or injury. Among its various forms, calcified and non-calcified rotator 

cuff tendinopathy (RCT) represent distinct conditions with different pathophysiological 

mechanisms. Calcific tendinopathy is caused by calcium deposition, most commonly 

affecting the rotator cuff tendons or subacromial-subdeltoid bursa (SASD) of the shoulder, 

though it can also affect the common calcaneal and patellar tendons [1,2]. This is 

associated with symptoms such as acute and severe pain, stiffness, reduced range of motion, 

and tenderness in the affected region [3]. Non-calcific tendinopathy results from tendon 

degeneration without calcification that is often driven by repetitive strain, aging, or overuse 

[4].

Rotator cuff calcific tendinopathy (RCCT) is a leading cause of shoulder pain, affecting 35–

45% of individuals with calcific deposits most commonly in the supraspinatus tendon or the 

subacromial-subdeltoid bursa [5]. However, as many as 20% of cases remain asymptomatic 

with rotator cuff calcium deposits identified on imaging [6,7]. It most commonly affects 

individuals between the ages of 30 and 60 years, with additional risk factors including 

female sex, diabetes mellitus, hyperlipidemia, hypothyroidism, and a possible genetic 

predisposition [8]. Despite its prevalence, the exact etiology and pathogenesis of RCCT 

remain unclear, with hypotheses ranging from degenerative changes and mechanical 

overload to cell-mediated processes and genetic predisposition [9,10]. The condition can 

be self-limiting but may also progress to chronic, debilitating symptoms if not managed 

appropriately. Diagnosis relies on clinical evaluation supported by imaging modalities such 

as ultrasound or MRI, while treatment options encompass approaches from conservative 

management, such as physiotherapy and anti-inflammatory medications, to image-guided 

interventions and surgical removal in refractory cases [11,12]. Despite the unknown direct 

pathogenesis and etiology, understanding RCCT is crucial for clinicians to ensure accurate 

diagnosis and to tailor treatment strategies that address both symptom relief and long-term 

tendon health.

Non-calcific RCT is marked by degenerative structural changes within the tendon, 

including collagen fiber disorganization, thinning of tendon fibers, neovascularization, 

and mucoid degeneration [13]. These pathological alterations compromise the tendon’s 

mechanical integrity and load-bearing capacity, frequently resulting in pain, diminished 

shoulder function, and, in some cases, progression to partial- or full-thickness rotator 

cuff tears. Risk factors leading to this repetitive microtrauma include both intrinsic 

variables like age, poor vascularization, diabetes, and smoking, and extrinsic variables 

such as overuse and trauma [14]. Management on non-calcified rotator cuff tendinopathy 

is primarily conservative, including activity modification, physical therapy, administering 

non-steroidal anti-inflammatory drugs (NSAIDs), and corticosteroid injections [15]. For 

patients with persistent or refractory symptoms unresponsive to non-operative measures, 

surgical intervention may be warranted. Current research efforts are focused on elucidating 

the underlying biological mechanisms of tendon degeneration and advancing regenerative 

treatment strategies aimed at restoring tendon structure and function.
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2. Mechanisms of Rotator Cuff Tendinopathy

The etiology of RCT involves both intrinsic and extrinsic factors, or a combination 

of both. Intrinsic factors are associated with tendon degeneration due to natural aging, 

altered cellular biology due to metabolic diseases or injury, inflammatory response, poor 

vascularity, mechanical overuse, and genetic predisposition [16–25]. Tendons rely heavily 

on parallel, densely packed Type I collagen fibers to withstand tensile loads; however, 

age-related changes, repetitive stress, tissue injury, and clinical conditions can disrupt 

this organized microarchitecture, weakening the structural integrity of the tendon [26–28]. 

These degenerative processes may occur on the articular side of the tendon facing the 

glenohumeral joint or within the tendon itself [29].

One key site of intrinsic degeneration of the rotator cuff is the enthesis, the 

fibrocartilaginous interface where tendon attaches to bone. This region is especially 

prone to rotator cuff injury due to its mechanical role in distributing stress between soft 

tendon and hard bone during shoulder movement [30–36]. Under normal conditions, the 

enthesis provides flexibility and protects the tendon from fatigue-related damage. With 

aging, however, this structure undergoes significant deterioration. Type I fibers within 

the rotator cuff become disorganized, the tendon-bone attachment zone narrows, and 

extracellular matrix components such as glycosaminoglycans, proteoglycans, and hydrating 

polysaccharides diminish [14,16,34]. These intrinsic changes, along with a shift toward 

weaker, irregularly arranged Type III collagen fibers, ultimately compromise mechanical 

function and increase susceptibility to RCT [14,16]. Rotator cuff tendons exhibit a 

characteristic stress-strain curve that reflects their biomechanical performance. At rest, 

collagen fibers are arranged in a crimped configuration. In the toe region, a 2% strain allows 

these crimps to straighten without causing damage. In the linear region, a 2–4% strain fully 

aligns the crimped collagen fibers. This results in elastic deformation if the strain is below 

4%, but microscopic damage if it exceeds this threshold. Macroscopic failure typically 

occurs with 8–10% strain, with complete tendon rupture possible beyond 10% [37–45]. In 

age-related RCT, degenerative changes such as disorganized collagen, reduced elasticity, and 

increased Type III collagen shift this curve downward and to the left. As a result, tendons 

absorb less mechanical load and are increasingly susceptible to tendinopathy, microtears, 

and rupture even at lower strain thresholds [37–45].

Over time, intrinsic degeneration may also lead to narrowing of the subacromial space, 

resulting in mechanical impingement on the bursal side of the tendon adjacent to the 

subacromial bursa. Extrinsic anatomical or biomechanical factors, such as acromial shape 

or altered scapular kinematics, can increase stress on the rotator cuff and compress tendons 

within a narrowed subacromial space [14,16,17, 44]. Bigliani et al. classified the acromion 

into three types: flat (Type I), curved (Type II), and hooked (Type III), with the hooked 

type being strongly associated with impingement and full-thickness tears [46,47]. A flat, 

horizontally oriented acromion has also been linked to structural degeneration of the rotator 

cuff, subacromial impingement, and greater loss of function in patients with tendinopathy 

[14,16,17]. External mechanical compression of the rotator cuff due to bony anatomy 

alone may not be sufficient to cause RCT, but it can lead to pathological changes when 

combined with repetitive overhead activity [14,16]. Thus, extrinsic factors may predispose 
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an individual to RCT. In many cases, intrinsic and extrinsic mechanisms coexist and 

collectively contribute to RCT progression (Figure 1).

3. Mechanisms of Rotator Cuff Calcific Versus Non-Calcific Tendinopathy

3.1 Rotator Cuff Calcific Tendinopathy

The cumulative degenerative effects of intrinsic and extrinsic mechanisms in RTC may 

also predispose tendons to calcium hydroxyapatite crystal deposition, resulting in rotator 

cuff calcific tendinopathy [5]. While the exact pathogenesis of RCCT remains unclear, 

it is thought to involve primarily cell-mediated processes in which mature tendon cells, 

or tenocytes, transform into chondrocytes that are responsible for cartilage formation 

and endochondral ossification [5]. This transformation is likely influenced by intrinsic 

and extrinsic factors like age-related tendon degeneration, mechanical overload, and 

inflammation, which disrupt tenocyte homeostasis and activate chondrogenic signaling 

pathways such as BMPs, Sox9, PTHrp, and FGFR3, priming the tendon environment for 

pathological calcification.

Histopathological analyses have demonstrated this metaplastic transformation in RCCT, 

with calcific deposits surrounded by hypertrophic cells exhibiting a chondrocyte-like 

phenotype and expressing type x collagen [48,49]. Type x collagen, a biomarker for 

endochondral ossification, is produced by hypertrophic chondrocytes to regulate matrix 

mineralization and the transition from cartilage to bone [50]. Its presence near calcific 

deposits within the rotator cuff tendon supports the idea that cell-mediated metaplasia 

contributes to pathological calcium deposition in RCCT [50]. In addition to type x 

collagen, Darrieutort-Laffite et al. reported that these chondrocyte-like cells also express 

tissue non-specific alkaline phosphatase (TNAP) and ectonucleotide pyrophosphatase/

phosphodiesterase 1 (ENPP1)—two key enzymes critical to the mineralization process 

[49]. TNAP degrades pyrophosphate, while ENPP1 hydrolyzes it (Figure 2). Because 

pyrophosphate inhibits mineralization, TNAP and ENPP1 expression in hypertrophic 

chondrocytes promotes hydroxyapatite crystal formation and pathological tendon 

calcification [51,52].

RCCT is a self-limiting condition that typically resolves over time through a natural 

sequence of three stages: (i) pre-calcific, (ii) calcific, and (iii) post-calcific [5,51,53]. The 

pre-calcific stage describes the metaplastic transformation of tenocytes into chondrocyte-like 

cells that primes the tendon for calcium deposition [5,51,53] (Figure 3).

The calcific stage is further divided into the formative and resorptive phases. During the 

formative phase, chondrocytes induce calcium hydroxyapatite crystal accumulation and 

calcium deposits increase in size [51]. Soon after, the resorptive phase begins and promotes 

vascularization and macrophage infiltration of the affected area [5,51,53]. The calcium 

deposits are gradually eliminated via macrophage phagocytosis [3] (Figure 4).

Lastly, the post-calcific stage overlaps with the resorptive phase and includes fibroblast-

mediated tendon remodeling to remove calcium deposits, restore tendon structure, and 

reduce inflammation [5]. Some patients may recover spontaneously from RCCT, while 
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others might require therapeutic interventions for persisting calcium deposits and severe 

symptoms (Figure 5).

3.2 Rotator Cuff Non-Calcific Tendinopathy

In contrast to the distinct cell-mediated metaplastic and mineralization processes driving 

calcium deposition in RCCT, intrinsic degenerative changes and extrinsic mechanical 

overload are central to the progression of non-calcific rotator cuff tendinopathy. As 

described in Section II, intrinsic factors such as aging, tenocyte senescence, collagen 

disorganization, and extracellular matrix degradation reduce the tendon’s ability to sustain 

load and repair microdamage.

Disruption of matrix components like type I collagen and proteoglycans is largely attributed 

to an upregulation of metalloproteinases (MMPs) [54,55]. In non-calcific RCT, tenocyte 

inflammation mediated by macrophage infiltration stimulates increased expression of 

MMPs. Collagenases like MMP-1, MMP-8, and MMP-13 cleave type I collagen, the 

primary structural protein responsible for the tendon’s tensile strength [54,55]. Reduced 

amounts of type I collagen and increased prevalence of disorganized type III collagen make 

the tendon susceptible to injury and degeneration [55].

Extrinsic factors further exacerbate this damage. Hooked acromial morphology, repetitive 

overhead activity, and scapular dyskinesis contribute to mechanical impingement of the 

bursal side of the tendon, subjecting it to chronic external compression, friction, and 

shear [14,16,34]. Additionally, thickening of the coracoacromial ligament may decrease 

the subacromial space [56]. Factor et al. states that shoulder impingement is the main 

extrinsic cause of non-calcific RTC [56]. These forces accelerate matrix breakdown and 

promote a degenerative continuum marked by progression of collagen disorganization, 

neovascularization, and increased risk of partial- or full-thickness tears [57].

Unlike RCCT, non-calcific RCT lacks a distinct mineralization phase and typically is a 

chronic, persistent condition that may not resolve without intervention [11]. A deeper 

understanding of the balance between intrinsic and extrinsic factors in causing non-calcific 

RCT is critical for guiding tailored therapeutic strategies.

4. Clinical Presentations of Rotator Cuff Calcific Versus Non-Calcific 

Tendinopathy

Rotator cuff calcific and non-calcific tendinopathy differ in their onset, severity, and 

progression. Recognizing these distinctions is essential for accurate diagnosis and 

personalized treatment.

4.1 Clinical Manifestations of Rotator Cuff Calcific Tendinopathy

The clinical presentation of RCCT depends on whether the patient is in the pre-calcific, 

calcific, or post-calcific stage [10]. The pre-calcific stage is considered “silent” because 

the metaplastic transformation of tenocytes into chondrocyte-like cells occurs without 
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inflammation. As a result, patients do not feel pain and are typically asymptomatic due 

to the absence of calcification or mechanical irritation [10].

The calcific stage is associated with “impingement” because calcium hydroxyapatite 

deposits within the tendon may cause mechanical compression of the adjacent structures, 

particularly within the subacromial space. Calcific deposits in RCCT can localize to 

either the articular or bursal side of the tendon, with bursal-sided calcifications more 

frequently associated with impingement symptoms due to their proximity to the subacromial 

space (Figure 6). Patients typically experience pain during overhead activity, mimicking 

subacromial impingement syndrome. A positive Neer’s or Hawkins-Kennedy may be 

elicited [58,59]. Notably, the chronic formative phase of this stage may persist for 

approximately 1 to 6 years, during which calcium deposits gradually and patients are 

either asymptomatic or experience mild impingement [10]. Consequently, RCCT may be 

diagnosed unintentionally in this phase during imaging studies for unrelated complaints.

The acute resorptive phase of the calcific stage, however, is responsible for the severe 

pain seen in RCCT. Lasting from approximately 3 weeks to 6 months, this phase 

involves an aggressive inflammatory response mounted by macrophages and mononuclear 

giant cells to remove calcium deposits and restore normal tendon structure [5,10]. This 

inflammatory reaction is characterized by edema, increased intratendinous pressure, and 

possible extravasation of calcium crystals into the SASD bursa. Guido et al. reported 

that patients with sudden-onset unilateral pain at the supraspinatus tendon insertion—often 

occurring at night—with radiation to the neck, limited range of motion, and rapid symptom 

progression are likely in the resorptive phase of RCCT [3]. Physical exam findings include 

tenderness upon palpation of the greater tuberosity, deltoid, bicipital groove, acromial 

process, and coracoid process, along with local erythema, swelling, muscle atrophy, and 

increased skin temperature. In some cases, a palpable and painful mass on the anterior 

surface of the patient’s shoulder may be present as well [60]. All glenohumeral movements 

including forward flexion, extension, external and internal rotation, abduction, adduction, 

and overhead activity are described as painful for RCCT patients [10,58,59]. Pain during 

the midrange of abduction arm between 70 and 120 degrees, known as the painful arc, is 

observed and reflects impingement of tendons within the subacromial space [58]. These 

movement restrictions, shoulder weakness, and strength deficits, are attributed to calcium 

deposits in the supraspinatus, subscapularis, and infraspinatus tendons, which are critical to 

shoulder motion, mobility, and stabilization.

The post-calcific stage is termed “acute” because it refers to the acute inflammatory 

symptoms that are characteristic of the resorptive phase it overlaps with [5,10]. The type III 

collagen that is laid by fibroblasts during remodeling matures into organized type I collagen 

over 12–16 months [5,10,17,18,28]. It is marked by an improvement or resolution of pain 

with lingering stiffness or weakness, depending on the severity of RCCT and whether any 

treatment was sought.

4.2 Clinical Manifestations of Rotator Cuff Non-Calcific Tendinopathy

Non-calcific rotator cuff tendinopathy follows a more insidious, chronic course compared 

to the staged, self-limiting progression of RCCT [13,14]. It results from repetitive 
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microtrauma, mechanical overload, and age-related degenerative changes that compromise 

tendon structure [13,14]. Unlike RCCT, there is no calcium deposition; instead, the 

pathology is driven by collagen disorganization, neovascularization, and tenocyte apoptosis 

that led to gradual tendon weakening.

Patients with non-calcific RCT often report a slow onset of dull, aching shoulder pain 

that worsens with activity, especially during overhead movements, lifting, or reaching 

behind the back. In contrast to the sudden, intense pain seen in the resorptive phase in 

RCCT, symptoms in non-calcific RCT progress gradually and may persist for months to 

years before patients seek evaluation. On physical exam, pain tends to be localized to the 

anterolateral shoulder without radiation and is accompanied by tenderness of the greater 

tuberosity, deltoid insertion, bicipital groove, and acromion process [13,58]. Signs of acute 

inflammation such as erythema, swelling, muscle atrophy, and warmth are uncommon in 

non-calcific RCT, as these are related to macrophage phagocytosis of calcium deposits in 

RCCT. Patients with non-calcific RCT often demonstrate a painful arc due to inflammation, 

microtears, and subacromial bursitis, leading to positive Neer and Hawkins-Kennedy tests 

[59]. The functional limitations associated with non-calcific RCT can result in lifelong 

chronic pain. Without acute pain flares caused by calcific deposits, symptoms of non-calcific 

RCT are primarily driven by ongoing tendon degeneration and mechanical irritation, which 

contribute to progressive reductions in shoulder mobility and stability [13,58].

5. Ultrasound: Primary Diagnostic Method for Rotator Cuff Tendinopathy

Although the clinical presentations of calcific and non-calcific RCT differ in onset, severity, 

and inflammation, overlapping symptoms can make clinical diagnosis challenging. Given 

this variability and the potential for nonspecific physical exam findings, imaging is essential 

for accurately characterizing the underlying pathology, differentiating between calcified and 

noncalcified forms, and guiding appropriate treatment strategies.

Ultrasound (US), magnetic resonance imaging (MRI), and magnetic resonance arthrography 

(MRA) are commonly used imaging modalities for diagnosing rotator cuff tendinopathy. 

Compared to MRI and MRA, however, US offers several inherent advantages. Current 

evidence supports the use of MSK ultrasound as the preferential initial imaging modality 

in the evaluation of rotator cuff disease [60–65]. One major benefit is lower cost, though 

pricing can vary significantly depending on geographic location and institutional factors 

[60]. In fact, a study examining the use of diagnostic musculoskeletal (MSK) US versus 

MSK MRI over a fifteen-year period projected that the use of MSK US could result in 

$6.9 billion in healthcare savings [60]. These findings highlight the potential for MSK 

US to serve as a cost-effective alternative to more expensive imaging modalities without 

compromising diagnostic utility. As healthcare systems increasingly prioritize value-based 

care, wider adoption of US could lead to substantial economic benefits while maintaining 

high standards of patient care. In addition to cost, US demonstrates excellent diagnostic 

accuracy. MRI, MRA, and US are highly effective in assessing rotator cuff tendinopathy. A 

full-thickness rotator cuff injury can be diagnosed with high accuracy by all three methods: 

92.1% sensitivity and 92.9% specificity, 95.4% sensitivity and 98.9% specificity, and 92.3% 

sensitivity and 94.4% specificity, respectively [66]. Given their comparable accuracy, the 
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combination of lower cost and faster availability of US make it a particularly favorable 

choice. Accessibility further distinguishes US from other imaging modalities. In a study 

conducted at a quaternary health center, nearly half of ordered MRIs took longer than 10 

days to complete, with a mean wait time of 18.5 days [67]. In contrast, ultrasound equipment 

is widely distributed—available in 88.56% of metropolitan counties and 74.19% of US 

counties—making it a far more accessible modality [68]. This availability enhances the 

ability to extend timely MSK care to underserved and rural areas, where access to advanced 

imaging like MRIs and MRAs is often limited. Ultrasound also offers rapid turnaround 

in both image acquisition and interpretation. While MRI results require evaluation and 

interpretation by a radiologist, followed by communication with a referring physician 

before informing the patient, MSK US allows for real-time interpretation by a trained 

clinician performing the scan. This eliminates delays associated with MRI interpretation and 

reporting. Immediate feedback from MSK US accelerates diagnosis and treatment planning, 

which can ultimately improve patient outcomes.

This efficiency is especially valuable in evaluating conditions like RCCT, where timely 

diagnosis can help guide intervention. Calcific tendinopathy involves the deposition of 

hydroxyapatite calcium crystals in tenocytes and is accompanied by severe pain and stiffness 

that limits range of motion [65]. The three stages of RCCT lead to various levels of calcium 

deposition, inflammation, and tissue responses that can be assessed using US. Each stage 

of RCCT has distinct ultrasound features that correspond with the underlying pathological 

process and clinical severity. Generally, calcific deposits in the shoulder are visualized 

on US as hyperechoic artifacts marked by variable levels of acoustic shadow [63]. The 

pre-calcific stage involves a metaplasia of native tenocytes to chondrocytes, optimizing 

conditions for calcification to proceed. The formative phase of the calcific stage follows, 

during which calcium deposits form a chalky-like appearance and appear with clear acoustic 

borders on US. During the resting phase, hard calcification between tendon fibers leads 

to focal thickening of the rotator cuff. In the resorptive phase, the appearance of calcific 

deposits can be altered [69,70]. Macrophages and other immune cells initiate the breakdown 

of intra-tendinous calcific deposits, leading to an inflammatory response [62]. This results in 

sonographic patterns that are fragmented, nodular, or cyst-like; however, color Doppler can 

be used to identify hydroxyapatite crystals due to the proliferation of capillaries and thin-

walled vascular channels surrounding them [62,63,69]. While MRI remains more sensitive 

for detecting labral tears and intra-articular pathology, US reliably detects tendon thickening, 

hypoechoic degeneration, and neovascularization in a dynamic setting.

Comparatively, non-calcific tendinopathy typically presents with tendon thickening due to 

a loss of the normal, organized fibrillar pattern. On ultrasound, the tendon initially appears 

hypoechoic, representing swelling, degeneration, and inflammation. In more advanced cases, 

the tendon may show focal thinning, or a laminated (disrupted) appearance accompanied by 

distension of the subacromial-subdeltoid bursa. These findings reflect the underlying chronic 

degenerative process of tendinosis and tendinopathy, which is characterized histologically by 

tenocyte rounding, increased ground substance, and failed tendon healing. Color or power 

Doppler may also reveal detectable neovascularization, a hallmark of chronic tendinopathy, 

which is typically absent in healthy tendons. The presence of these abnormal vessels—

seen in up to 65% of symptomatic shoulders—supports a working diagnosis of rotator 
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cuff tendinopathy, although their presence does not always correlate with pain severity 

[70–72]. Additionally, dynamic US can reveal functional impingement or tendon instability 

during active shoulder movement, providing a more complete clinical picture and guiding 

conservative or surgical decision-making.

6. Clinical Decision-Making: Established and Emerging Treatment 

Strategies

Recently, the priority of conservative methods in treating calcified and non-calcified rotator 

cuff tendinopathy has increased. The first goal is to control pain and reduce inflammation, 

which can be accomplished with NSAIDs [73]. To increase muscle strength and improve 

range of motion, physical therapy and rehabilitation programs are strongly indicated. 

Exercise-based interventions have also demonstrated significant efficacy in reducing pain 

and enhancing functional outcomes in patients diagnosed with rotator cuff tendinopathy 

[74]. While some studies show exercise programs with progressive overload as the most 

effective physical activity to treat rotator cuff tendinopathies [75,76], there is no consensus 

on which program is most appropriate as many studies demonstrate contradictory results 

[77–79]. This may be due to the therapies targeting different structures, such as the 

rotator cuff muscles or the scapula. While conservative therapies are effective in reducing 

inflammation and improving functionality in rotator cuff tendinopathy, these treatments may 

also progress into rotator cuff tears [80]. However, no causality was established, and it is 

unclear if conservative treatment of rotator cuff tendinopathy is a risk factor for rotator cuff 

tears.

Interventional approaches for rotator cuff tendinopathy vary depending on whether the 

condition is calcified or non-calcified. In cases of rotator cuff calcific tendinopathy, 

commonly employed interventions include ultrasound-guided barbotage, extracorporeal 

shockwave therapy (ESWT), and corticosteroid injections. Ultrasound-guided barbotage is a 

minimally invasive technique in which calcium deposits are fragmented and aspirated under 

real-time ultrasound guidance; this procedure is often followed by a corticosteroid injection 

to reduce post-procedural inflammation. Ultrasound-guided needling for the treatment of 

rotator cuff tendinopathy has been demonstrated to be a safe and effective intervention, 

with a lower relative risk of subsequent surgical intervention compared to corticosteroid 

injections alone [81,82]. ESWT applies high- or low-energy sound waves to the affected area 

to fragment calcium deposits and promote tissue regeneration. In rotator cuff tendinopathy, 

ESWT is particularly effective in reducing pain and improving functioning in the first 6 

months [83]. High-energy ESWT may also be more effective than low energy ESWT but 

could be associated with increased risk of pain and hematomas during and immediately 

following the procedure [84]. Corticosteroid injections are also used to treat both calcified 

and non-calcified rotator cuff tendinopathies and are most effective in short-term pain relief. 

Compared to oral NSAIDs, corticosteroid injections have demonstrated superior increases in 

shoulder range of motion and pain relief after 3 months [85]. However, evidence supporting 

sustained pain relief beyond eight weeks is limited, and rotator cuff corticosteroid injections 

have been associated with potential adverse effects, such as discomfort, cost, and potential 

to accelerate tendon degeneration [86]. Given the range of interventional options, treatment 
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selection should be individualized based on the type of tendinopathy, symptom duration, and 

risk-benefit profile of each modality.

Non-calcified rotator cuff tendinopathies are treated interventionally, primarily with 

corticosteroid injections and platelet-rich plasma (PRP) injections. PRP rotator cuff 

injections have demonstrated mixed results, as some studies claim the injections reduce 

rates of surgery and reduce pain in non-calcific rotator cuff tendinopathy [87], while others 

suggest no significant functional differences in the shoulder as compared to a placebo [88]. 

The available evidence on PRP injections may be conflicting due to variability in settings, 

indications, and clinical outcomes. Therefore, further well-designed, standardized clinical 

studies are necessary before PRP injections can be recommended as an evidence-based 

treatment for non-calcified rotator cuff tendinopathy. Other emerging treatment modalities 

for rotator cuff injuries include prolotherapy and percutaneous tenotomy. Prolotherapy 

involves the injection of a dextrose-based irritant solution to provoke an inflammatory 

response and promote tissue repair [89], while percutaneous tenotomy employs mechanical 

disruption of degenerative tendon tissue to stimulate a regenerative healing process [90]. 

Although these interventions show promise, further high-quality, randomized controlled 

trials are needed to establish their clinical efficacy and long-term outcomes (Figure 7).

7. Prognosis and Outcomes

Rotator cuff tendinopathy has a generally favorable prognosis, particularly with early 

diagnosis and appropriate treatment. Conservative approaches for both non-calcific RCT and 

RCCT, including exercise-based physical therapy and NSAIDs, have demonstrated success 

rates of 60–80% in improving pain and function over a period of several months [7]. Calcific 

tendinopathy may resolve spontaneously in some cases due to natural resorption of calcium 

deposits—which is why conservative management is preferred—but persistent or severe 

cases can result in prolonged discomfort and limited mobility [91]. Factors that indicate 

failed conservative treatment in RCCT include large, bilateral deposits within the tendon 

structure known as the “calcific bulging sign” and spread of the calcification to locations 

such as the anterior edge of the acromion [9]. Conservative treatment is typically continued 

as a first-line approach, but there is currently no defined timeframe for determining when 

it has been fully exhausted, and invasive options should be considered. The patient’s pain 

tolerance and the degree of disability are key criteria for transitioning to interventional 

therapy.

In cases of symptoms from non-calcific RCT that fail to respond to conservative treatments, 

arthroscopic debridement offers a minimally invasive option to remove degenerated tendon 

tissue, reduce inflammation, and restore shoulder function. This approach has been shown 

to substantially improve pain and range of motion in patients with chronic tendinopathy 

without full-thickness tears. In a study by Budoff et al., 77% of the 60 patients who 

underwent this procedure reported minimal to no pain at a 114-month follow-up [92]. As 

a tissue-preserving alternative that reduces local inflammation, arthroscopic debridement 

points to promising outcomes and may be appropriate for patients who are not candidates for 

more extensive surgical interventions.
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Patients with symptomatic calcific tendinitis who do not achieve satisfactory relief after at 

least six months of non-surgical management often seek further evaluation by a physician 

[7]. Surgical intervention is typically considered when large calcific deposits cause painful 

mechanical impingement. Long-term outcomes are influenced by several factors such as 

patient age, size and density of calcific deposits, symptom duration, degree of tendon 

degeneration, and treatment adherence [7]. For instance, younger patients tend to heal more 

quickly due to greater tendon cell regenerative capacity. Dense, well-defined deposits are 

associated with better postoperative outcomes, as they are easier to localize and remove than 

smaller or fragmented calcific deposits. Similarly, patients with shorter symptom duration 

often exhibit less tendon degeneration and inflammation overall, leading to enhanced 

recovery relative to those with prolonged symptoms or coexisting shoulder pathologies. 

Most patients who undergo surgical management for RCCT also have reported significant 

reductions in shoulder pain and improved functional outcomes compared to those treated 

nonoperatively [93,94].

8. Conclusion

Rotator cuff tendinopathy, encompassing both calcific and non-calcific subtypes, is a 

prevalent cause of shoulder dysfunction with distinct pathophysiological mechanisms, 

clinical progression, and treatment considerations. Rotator cuff calcific tendinopathy is 

characterized by a staged process of calcium hydroxyapatite deposition and eventual 

resorption, driven by the metaplastic transformation of tenocytes into chondrocyte-like 

cells and the activation of mineralization pathways. In contrast, non-calcific RCT reflects 

a chronic degenerative process including collagen disorganization, tenocyte apoptosis, 

and matrix degradation. These pathological changes are precipitated by intrinsic aging 

and extrinsic mechanical factors. Such differences in these two classifications of rotator 

cuff tendinopathy underscore the need for precise diagnostic strategies and individualized 

therapeutic approaches.

Musculoskeletal ultrasound (MSK US) has become an essential tool in evaluating RCT, 

offering dynamic, real-time imaging, cost-efficiency, and diagnostic accuracy comparable 

to MRI. Not only does ultrasound differentiate calcific from non-calcific rotator cuff 

tendinopathies, but it also characterizes deposit morphology, vascularity, and associated 

bursal or tendon pathology. The accessibility and immediacy of US interpretation further 

enhances its role in timely clinical decision making, especially in primary care and resource-

limited communities.

Conservative treatment remains the first-line approach for both subtypes of RCT, with 

NSAIDs and exercise-based based physical therapy demonstrating 60–80% success in 

improving pain and function over several months. RCCT may spontaneously resolve 

during the post-calcific remodeling phase, but large, bilateral, or anteriorly located 

deposits may result in persistent mechanical impingement. For these patients with painful 

symptoms, interventional options like ultrasound-guided barbotage, ESWT, or surgery may 

be considered. In non-calcific RCT, chronic tendon degeneration may require additional 

interventions. While corticosteroid injections offer short-term relief, minimally invasive 
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options like platelet-rich plasma (PRP) therapy and arthroscopic debridement have shown 

potential for sustained improvement by addressing underlying tendon pathology.

Despite advancements in diagnosis and treatment, several areas warrant further research. 

Well-designed, standardized clinical trials could help evaluate long-term efficacy of 

emerging therapies like PRP, prolotherapy, and percutaneous tenotomy. In addition, greater 

insight into the molecular drivers of tendon mineralization in RCCT and the degenerative 

cascade in non-calcific RCT will be critical for guiding targeted, mechanism-based 

interventions. Ultimately, this review aims to enhance understanding of the divergent 

mechanisms and overlapping clinical features of RCCT and non-calcific RCT to support 

more personalized and effective care for patients with rotator cuff tendinopathy.

Funding:

The research work of DKA is supported by the R25AI179582 grant from the National Institutes of Health, USA. 
The contents of this article are solely the responsibility of the authors and do not necessarily represent the official 
views of the National Institutes of Health.

References

1. Kalaycı CB, Kızılkaya E. Calcific tendinitis: intramuscular and intraosseous migration. Diagn Interv 
Radiol 25 (2019): 480–484. [PubMed: 31650966] 

2. Oliva F, Via AG, Maffulli N. Physiopathology of intratendinous calcific deposition. BMC Med 10 
(2012): 95. [PubMed: 22917025] 

3. Guido F, Venturin D, De Santis A, et al. Clinical features in rotator cuff calcific tendinopathy: A 
scoping review. Shoulder & Elbow 0 (2024).

4. Sansone V, Maiorano E, Galluzzo A, et al. Calcific tendinopathy of the shoulder: clinical 
perspectives into the mechanisms, pathogenesis, and treatment. Orthop Res Rev 10 (2018): 63–72. 
[PubMed: 30774461] 

5. Chianca V, Albano D, Messina C, et al. Rotator cuff calcific tendinopathy: from diagnosis to 
treatment. Acta Biomed 89 (2018): 186–196.

6. Kim MS, Kim IW, Lee S, et al. Diagnosis and treatment of calcific tendinitis of the shoulder. Clin 
Shoulder Elb 23 (2020): 210–216. [PubMed: 33330261] 

7. Moya D, Rashid M, Rowinski S, et al. Therapeutic options in rotator cuff calcific tendinopathy. 
SICOT-J, 11 (2025) 9. [PubMed: 39977646] 

8. Louwerens JK, Sierevelt IN, van Hove RP, et al. Prevalence of calcific deposits within the rotator 
cuff tendons in adults with and without subacromial pain syndrome: clinical and radiologic analysis 
of 1219 patients. J Shoulder Elbow Surg 24 (2015): 1588–93. [PubMed: 25870115] 

9. Chianca V, Albano D, Messina C, et al. Rotator cuff calcific tendinopathy: from diagnosis to 
treatment. Acta Biomed 89 (2018): 186–196.

10. ElShewy MT. Calcific tendinitis of the rotator cuff. World J Orthop 7 (2016): 55–60. [PubMed: 
26807357] 

11. Merolla G, Singh S, Paladini P. et al. Calcific tendinitis of the rotator cuff: state of the art in 
diagnosis and treatment. J Orthopaed Traumatol 17 (2016): 7–14.

12. Wu YC, Tsai WC, Tu YK, et al. Comparative effectiveness of nonoperative treatments for chronic 
calcific tendinitis of the shoulder: A systematic review and network meta-analysis of randomized 
controlled trials. Arch Phys Med Rehabil 98 (2017): 1678–1692.e6. [PubMed: 28400182] 

13. Varacallo MA, El Bitar Y, Mair SD. Rotator Cuff Tendonitis. [Updated 2023 Aug 4]. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing (2025). Available from: https://
www.ncbi.nlm.nih.gov/books/NBK532270/

14. Sripathi P, Agrawal DK. Rotator Cuff Injury: Pathogenesis, Biomechanics, and Repair. J Orthop 
Sports Med 6 (2024): 231–248. [PubMed: 39574962] 

Patel et al. Page 12

J Orthop Sports Med. Author manuscript; available in PMC 2025 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Desjardins-Charbonneau A, Roy JS, Dionne CE, et al. The efficacy of manual therapy for rotator 
cuff tendinopathy: a systematic review and meta-analysis. J Orthop Sports Phys Ther 45 (2015): 
330–50. [PubMed: 25808530] 

16. Seitz AL, McClure PW, Finucane S, et al. Mechanisms of rotator cuff tendinopathy: intrinsic, 
extrinsic, or both? Clin Biomech (Bristol) 26 (2011): 1–12. [PubMed: 20846766] 

17. Rajalekshmi R, Agrawal DK. Understanding Fibrous Tissue in the Effective Healing of Rotator 
Cuff Injury. J Surg Res (Houst) 7 (2024): 215–228. [PubMed: 38872898] 

18. Rajalekshmi R, Rai V, Agrawal DK. Deciphering Collagen Phenotype Dynamics Regulators: 
Insights from In-Silico Analysis. J Bioinform Syst Biol 7 (2024): 169–181. [PubMed: 39484658] 

19. Rajalekshmi R, Agrawal DK. Transcriptional and post-translational mechanisms of ECM 
remodeling in rotator cuff tendons under hyperlipidemic conditions. Life Sci 372 (2025): 123647. 
[PubMed: 40246193] 

20. Thankam FG, Roesch ZK, Dilisio MF, et al. Association of Inflammatory Responses and ECM 
Disorganization with HMGB1 Upregulation and NLRP3 Inflammasome Activation in the Injured 
Rotator Cuff Tendon. Sci Rep 8 (2018): 8918. [PubMed: 29891998] 

21. Diaz C, Thankam FG, Agrawal DK. Karyopherins in the Remodeling of Extracellular Matrix: 
Implications in Tendon Injury. J Orthop Sports Med 5 (2023): 357–374. [PubMed: 37829147] 

22. Thankam FG, Chandra IS, Kovilam AN, et al. Amplification of Mitochondrial Activity in the 
Healing Response Following Rotator Cuff Tendon Injury. Sci Rep 8 (2018): 17027. [PubMed: 
30451947] 

23. Thankam FG, Dilisio MF, Agrawal DK. Immunobiological factors aggravating the fatty infiltration 
on tendons and muscles in rotator cuff lesions. Mol Cell Biochem 417 (2016): 17–33. [PubMed: 
27160936] 

24. Yazdani AN, Abdi A, Patel P, et al. Mitochondrial Biogenesis as a Therapeutic Target for Rotator 
Cuff Tendon Tears. J Orthop Sports Med 5 (2023): 442–449. [PubMed: 38274649] 

25. Kandikattu S, Aavula M, Pisarski T, et al. Effect of Metabolic Syndrome in the incidence of 
Rotator Cuff Injury and Recovery following Surgical Repair. J Surg Res (Houst) 8 (2025): 202–
210. [PubMed: 40519247] 

26. Rai V, Deepu V, Agrawal DK. Targeting RAGE-signaling pathways in the repair of rotator-cuff 
injury. Mol Cell Biochem 480 (2025): 2539–2554. [PubMed: 39395136] 

27. Kuan R, Nath S, Agrawal DK, et al. Response to acute hyperglycemia and high fructose in cultured 
tenocytes. J Biochem 174 (2023): 71–80. [PubMed: 36921293] 

28. Singh D, Rai V, Agrawal DK. Regulation of Collagen I and Collagen III in Tissue Injury and 
Regeneration. Cardiol Cardiovasc Med 7 (2023): 5–16. [PubMed: 36776717] 

29. Bordoni B, Black AC, Varacallo MA. Anatomy, Tendons. [Updated 2024 May 1]. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing (2025). Available from: https://
www.ncbi.nlm.nih.gov/books/NBK513237/

30. Thankam FG, Dilisio MF, Dietz NE, et al. TREM-1, HMGB1 and RAGE in the Shoulder Tendon: 
Dual Mechanisms for Inflammation Based on the Coincidence of Glenohumeral Arthritis. PLoS 
One 11 (2016): e0165492. [PubMed: 27792788] 

31. Apostolakos J, Durant TJ, Dwyer CR, et al. The enthesis: a review of the tendon-to-bone insertion. 
Muscles Ligaments Tendons J 4 (2014): 333–42. [PubMed: 25489552] 

32. Lp MRL, Agrawal DK. Biomechanical Forces in the Tissue Engineering and Regeneration of 
Shoulder, Hip, Knee, and Ankle Joints. J Biotechnol Biomed 6 (2023): 491–500. [PubMed: 
38037618] 

33. Lal MRLP, Agrawal DK. Hyperlipidemia Lowers the Biomechanical Properties of Rotator Cuff 
Tendon. J Orthop Sports Med 5 (2023): 391–397. [PubMed: 37982013] 

34. Yazdani AN, Rai V, Agrawal DK. Rotator Cuff Health, Pathology, and Repair in the Perspective of 
Hyperlipidemia. J Orthop Sports Med 4 (2022): 263–275. [PubMed: 36381991] 

35. Lp MRL, Agrawal DK. Biologically Enhanced Patch in the Healing and Mechanical Stability of 
Rotator Cuff Tears. J Biotechnol Biomed 7 (2024): 379–387. [PubMed: 39364329] 

36. Thankam FG, Dilisio MF, Gross RM, et al. Collagen I: a kingpin for rotator cuff tendon pathology. 
Am J Transl Res 10 (2018): 3291–3309. [PubMed: 30662587] 

Patel et al. Page 13

J Orthop Sports Med. Author manuscript; available in PMC 2025 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Parvizi D, Sahafi R, Pisarski T, et al. Risk Factors, Incidence, and Management of Re-Injury 
following Repair of Shoulder Rotator Cuff. J Orthop Sports Med 7 (2025): 179–185. [PubMed: 
40303933] 

38. Fang W, Sekhon S, Teramoto D, et al. Pathological alterations in the expression status of rotator 
cuff tendon matrix components in hyperlipidemia. Mol Cell Biochem 478 (2023): 1887–1898. 
[PubMed: 36576716] 

39. Lal MR, Agrawal DK. Chronic Adaptation of Achilles Tendon Tissues upon Injury to Rotator Cuff 
Tendon in Hyperlipidemic Swine. J Orthop Sports Med 6 (2024): 80–88. [PubMed: 38939871] 

40. Fang WH, Bonavida V, Agrawal DK, et al. Hyperlipidemia in tendon injury: chronicles of low-
density lipoproteins. Cell Tissue Res 392 (2023): 431–442. [PubMed: 36738312] 

41. Merlin Rajesh LLP, Radwan MM, Thankam FG, et al. Rotator Cuff Tendon Repair after Injury 
in Hyperlipidemic Swine Decreases Biomechanical Properties. J Orthop Sports Med 5 (2023): 
398–405. [PubMed: 38161622] 

42. Rajalekshmi R, Agrawal DK. Transcriptional and post-translational mechanisms of ECM 
remodeling in rotator cuff tendons under hyperlipidemic conditions. Life Sci 372 (2025): 123647. 
[PubMed: 40246193] 

43. Vartanian KB, Ghookas K, Eskandar T, et al. Outcomes of Rotator Cuff Repair: Open vs. 
Arthroscopic Approaches in Patients with Diabetes or Hyperlipidemia. J Orthop Sports Med 7 
(2025): 240–249. [PubMed: 40546245] 

44. Le H, Rai V, Agrawal DK. Inflammation and Fatty Infiltration Correlates with Rotator Cuff Muscle 
Atrophy in Hypercholesterolemic Yucatan Microswine. J Orthop Sports Med 6 (2024): 198–213. 
[PubMed: 39639857] 

45. Thankam FG, Diaz C, Chandra I, et al. Hybrid interpenetrating hydrogel network favoring the 
bidirectional migration of tenocytes for rotator cuff tendon regeneration. J Biomed Mater Res B 
Appl Biomater 110 (2022): 467–477. [PubMed: 34342931] 

46. Bigliani LU, Ticker JB, Flatow EL, et al. The relationship of acromial architecture to rotator cuff 
disease. Clin Sports Med 10 (1991): 823–38. [PubMed: 1934099] 

47. McLean A, Taylor F. Classifications in Brief: Bigliani Classification of Acromial Morphology. Clin 
Orthop Relat Res 477 (2019): 1958–1961. [PubMed: 31107318] 

48. Rui YF, Lui PP, Chan LS, et al. Does erroneous differentiation of tendon-derived stem cells 
contribute to the pathogenesis of calcifying tendinopathy? Chin Med J (Engl) 124 (2011): 606–10. 
[PubMed: 21362289] 

49. Darrieutort-Laffite C, Arnolfo P, Garraud T, et al. Rotator Cuff Tenocytes Differentiate into 
Hypertrophic Chondrocyte-Like Cells to Produce Calcium Deposits in an Alkaline Phosphatase-
Dependent Manner. Journal of Clinical Medicine 8 (2015): 1544.

50. Shen G The role of type X collagen in facilitating and regulating endochondral ossification of 
articular cartilage. Orthodontics and Craniofacial Research 8 (2005): 11–17. [PubMed: 15667640] 

51. Merolla G, Singh S, Paladini P, et al. Calcific tendinitis of the rotator cuff: state of the art in 
diagnosis and treatment. Journal of Orthopaedics and Traumatology 17 (2025): 7–14.

52. Nam HK, Liu J, Li Y, et al. Ectonucleotide pyrophosphatase/phosphodiesterase-1 (ENPP1) protein 
regulates osteoblast differentiation. J Biol Chem 286 (2011): 39059–71. [PubMed: 21930712] 

53. Kachewar SG, Kulkarni DS. Calcific tendinitis of the rotator cuff: a review. J Clin Diagn Res 7 
(2013): 1482–5. [PubMed: 23998102] 

54. Del Buono A, Oliva F, Longo UG, et al. Metalloproteases and rotator cuff disease. J Shoulder 
Elbow Surg 21 (2012): 200–8. [PubMed: 22244063] 

55. Del Buono A, Oliva F, Osti L, et al. Metalloproteases and tendinopathy. Muscles Ligaments 
Tendons J 3 (2013): 51–7. [PubMed: 23885345] 

56. Factor D, Dale B. Current concepts of rotator cuff tendinopathy. Int J Sports Phys Ther 9 (2014): 
274–88. [PubMed: 24790788] 

57. Morya VK, Shahid H, Lang J, et al. Advancements in Therapeutic Approaches for Degenerative 
Tendinopathy: Evaluating Efficacy and Challenges. Int J Mol Sci 25 (2024): 11846. [PubMed: 
39519397] 

Patel et al. Page 14

J Orthop Sports Med. Author manuscript; available in PMC 2025 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



58. Creech JA, Silver S. Shoulder Impingement Syndrome. [Updated 2023 Apr 17]. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing (2025). Available from: https://
www.ncbi.nlm.nih.gov/books/NBK554518/

59. Cocco G, Ricci V, Boccatonda A, et al. Migration of calcium deposit over the biceps 
brachii muscle, a rare complication of calcific tendinopathy: Ultrasound image and treatment. 
J Ultrasound 21 (2018): 351–354. [PubMed: 30415399] 

60. Parker L, Nazarian LN, Carrino JA, et al. Musculoskeletal imaging: medicare use, costs, and 
potential for cost substitution. J Am Coll Radiol 5 (2008): 182–8. [PubMed: 18312965] 

61. Bureau NJ, Ziegler D. Economics of Musculoskeletal Ultrasound. Curr Radiol Rep 4 (2016): 44. 
[PubMed: 27398265] 

62. Ricci V, Mezian K, Chang KV, et al. Clinical/Sonographic Assessment and Management of 
Calcific Tendinopathy of the Shoulder: A Narrative Review. Diagnostics (Basel) 12 (2022): 3097. 
[PubMed: 36553104] 

63. Albano D, Coppola A, Gitto S, et al. Imaging of calcific tendinopathy around the shoulder: usual 
and unusual presentations and common pitfalls. Radiol Med 126 (2021): 608–619. [PubMed: 
33151457] 

64. Hinsley H, Nicholls A, Daines M, et al. Classification of rotator cuff tendinopathy using high-
definition ultrasound. Muscles Ligaments Tendons J 4 (2014): 391–7. [PubMed: 25489559] 

65. De Carli A, Pulcinelli F, Rose GD, et al. Calcific tendinitis of the shoulder. Joints 2 (2014): 
130–136. [PubMed: 25606556] 

66. de Jesus JO, Parker L, Frangos AJ, et al. Accuracy of MRI, MR arthrography, and ultrasound in 
the diagnosis of rotator cuff tears: a meta-analysis. AJR Am J Roentgenol 192 (2009): 1701–7. 
[PubMed: 19457838] 

67. Lacson R, Pianykh O, Hartmann S, et al. Factors Associated With Timeliness and Equity of Access 
to Outpatient MRI Examinations. J Am Coll Radiol 21 (2024): 1049–1057. [PubMed: 38215805] 

68. Peterman NJ, Yeo E, Kaptur B, et al. Analysis of Rural Disparities in Ultrasound Access. Cureus 
14 (2022): e25425. [PubMed: 35774712] 

69. Catapano M, Robinson DM, Schowalter S, et al. Clinical evaluation and management of calcific 
tendinopathy: an evidence-based review. J Osteopath Med 122 (2022): 141–151. [PubMed: 
35119231] 

70. Ponti F, Parmeggiani A, Martella C, et al. Imaging of calcific tendinopathy in atypical sites by 
ultrasound and conventional radiography: A pictorial essay. Med Ultrason 24 (2022): 235–241. 
[PubMed: 33945591] 

71. Lewis JS, Raza SA, Pilcher J, et al. The prevalence of neovascularity in patients clinically 
diagnosed with rotator cuff tendinopathy. BMC Musculoskelet Disord 10 (2009): 163. [PubMed: 
20025761] 

72. van Holsbeeck M, Introcaso JH. Musculoskeletal ultrasonography. Radiol Clin North Am 30 
(1992): 907–25. [PubMed: 1518936] 

73. Tekdöş Demircioğlu D, Hasanoğlu İ, Bozdemir SE. Current Approaches in the Treatment of 
Rotator Cuff Tendinopathies. Sanitas magisterium 9 (2023): 31–36.

74. de-Queiroz JHM, de-Medeiros MB, de-Lima RN, et al. Exercise for rotator cuff tendinopathy. Rev 
Bras Med Trab 20 (2023): 498–504. [PubMed: 36793454] 

75. Hanratty CE, McVeigh JG, Kerr DP, et al. The Effectiveness of Physiotherapy Exercises in 
Subacromial Impingement Syndrome: A Systematic Review and Meta-Analysis. Semin. Arthritis 
Rheum 42 (2012): 297–316. [PubMed: 22607807] 

76. Desmeules F, Boudreault J, Dionne CE, et al. Efficacy of Exercise Therapy in Workers 
with Rotator Cuff Tendinopathy: A Systematic Review. J. Occup. Health 58 (2016): 389–403. 
[PubMed: 27488037] 

77. Ingwersen KG, Vobbe JW, Pedersen LL, et al. Effect of Psychomotricity in Combination With 
3 Months of Active Shoulder Exercises in Individuals with Chronic Shoulder Pain: Primary 
Results From an Investigator-Blinded, Randomized, Controlled Trial. Arch. Phys. Med. Rehabil 
100 (2019): 2136–2143. [PubMed: 31247165] 

78. Vallés-Carrascosa E, Gallego-Izquierdo T, Jiménez-Rejano JJ, et al. Pain, Motion and Function 
Comparison of Two Exercise Protocols for the Rotator Cuff and Scapular Stabilizers in Patients 

Patel et al. Page 15

J Orthop Sports Med. Author manuscript; available in PMC 2025 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with Subacromial Syndrome [with Consumer Summary]. J Hand Ther 31 (2018): 227–237. 
[PubMed: 29329890] 

79. Costa B, Gontijo F, Braga L, et al. Effectiveness of conservative therapy in tendinopathy-related 
shoulder pain: a systematic review of randomized controlled trials. Phys Ther Sport 49 (2021): 
15–20. [PubMed: 33550201] 

80. Quinlan NJ, Frandsen JJ, Smith KM, et al. Conservatively treated symptomatic rotator cuff 
tendinopathy may progress to a tear. Arthrosc Sports Med Rehabil 4 (2022): E1449–e1455. 
[PubMed: 36033187] 

81. Gatt DL, Charalambous CP. Ultrasound-guided barbotage for calcific tendonitis of the shoulder: a 
systematic review including 908 patients. Arthroscopy 30 (2014): 1166–72. [PubMed: 24813322] 

82. Araujo-Espinoza G, Dajani AH, Sridharan M, et al. Poster 101: Ultrasound-Guided Barbotage 
Decreases the Rate of Surgery for Rotator Cuff Calcific Tendinitis. A Single-Institution Ten-Year 
Retrospective Analysis. Orthop J Sports Med 12 (2024): 2325967124S00071.

83. Simpson M, Pizzari T, Cook T, et al. Effectiveness of non-surgical interventions for rotator cuff 
calcific tendinopathy: a systematic review. Journal of Rehabilitation Medicine 52 (2020): 1–15.

84. Hearnden A, Desai A, Karmegam A, et al. Extracorporeal shock wave therapy in chronic calcific 
tendonitis of the shoulder – is it effective? Acta Orthop Belg 75 (2009): 25–31 [PubMed: 
19358394] 

85. Hassa E Percutaneous steroid injection versus oral NSAIDs on treatment of symptomatic calcific 
rotator cuff tendinitis: a short-term retrospective clinical evaluation. J Health Sci Med / JHSM 6 
(2023): 667–673.

86. Mohamadi A, Chan JJ, Claessen FM, et al. Corticosteroid Injections Give Small and Transient Pain 
Relief in Rotator Cuff Tendinosis: A Meta-analysis. Clin Orthop Relat Res 475 (2017): 232–243. 
[PubMed: 27469590] 

87. Pang L, Xu Y, Li T, et al. Platelet-Rich Plasma Injection Can Be a Viable Alternative to 
Corticosteroid Injection for Conservative Treatment of Rotator Cuff Disease: A Meta-analysis 
of Randomized Controlled Trials. Arthroscopy: The Journal of Arthroscopic & Related Surgery 39 
(2023): 402–421. [PubMed: 35810976] 

88. Lin M-T, Wei K-C, Wu C-H. Effectiveness of Platelet-Rich Plasma Injection in Rotator 
Cuff Tendinopathy: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. 
Diagnostics 10 (2020): 189. [PubMed: 32231127] 

89. Catapano M, Zhang K, Mittal N, et al. Effectiveness of Dextrose Prolotherapy for Rotator Cuff 
Tendinopathy: A Systematic Review. PM R 12 (2020): 288–300. [PubMed: 31642203] 

90. Shomal Zadeh F, Shafiei M, Shomalzadeh M, et al. Percutaneous ultrasound-guided needle 
tenotomy for treatment of chronic tendinopathy and fasciopathy: a meta-analysis. Eur Radiol 33 
(2023): 7303–7320. [PubMed: 37148349] 

91. Amri A, Yukata K, Nakai S, et al. Spontaneous resorption of calcification at the long head of the 
biceps tendon. Shoulder Elbow 7 (2015): 190–2. [PubMed: 27582978] 

92. Budoff JE, Rodin D, Ochiai D, et al. Arthroscopic rotator cuff debridement without decompression 
for the treatment of tendinosis. Arthroscopy 21 (2005): 1081–9. [PubMed: 16171633] 

93. Drummond Junior M, Ayinon C, Rodosky M, et al. Predictive factors for failure of conservative 
management in the treatment of calcific tendinitis of the shoulder. JSES Int 5 (2021): 469–473. 
[PubMed: 34136856] 

94. Angileri HS, Gohal C, Comeau-Gauthier M, et al. Chronic calcific tendonitis of the rotator cuff: 
a systematic review and meta-analysis of randomized controlled trials comparing operative and 
nonoperative interventions. J Shoulder Elbow Surg 32 (2023): 1746–1760. [PubMed: 37080421] 

Patel et al. Page 16

J Orthop Sports Med. Author manuscript; available in PMC 2025 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9.

Key Points

• Rotator cuff tendinopathy includes non-calcific and calcific subtypes, with 

overlapping clinical features but distinct pathophysiologic mechanisms and 

treatment implications.

• A combination of both intrinsic and extrinsic factors—like natural aging, 

collagen degeneration, genetic predisposition, poor vascularity, acromial 

shape, scapular kinetics, and overhead activity—contribute to rotator cuff 

tendinopathies.

• Rotator cuff calcific tendinopathy involves calcium hydroxyapatite deposition 

driven by the metaplasia of tenocytes to chondrocytes and poor 

vascularization, whereas non-calcific RCT is attributed to collagen matrix 

breakdown and chronic overload.

• Rotator cuff calcific tendinopathy presents with a sudden, severe pain during 

the resorptive phase that is usually self-limiting, while non-calcific RCT 

manifests as gradual, activity-related pain and stiffness.

• Ultrasound is considered a primary diagnostic tool that differentiates 

echogenic deposits with acoustic shadowing in RCCT versus tendon 

thickening, hypoechogenicity, and neovascularity in non-calcific RCT.

• The first-line treatment for rotator cuff tendinopathies is conservative, 

emphasizing rest, NSAIDs, physical therapy, and lifestyle modification, 

followed by interventional and surgical considerations if symptoms persist.

• If conservative treatment fails, persistent rotator cuff calcific tendinopathy 

may require ultrasound-guided barbotage, ESWT, or arthroscopic excision 

of calcific deposits, while chronic non-calcific RCT may respond to PRP 

injections or arthroscopic debridement.

• Prognosis of non-calcific and calcific rotator cuff tendinopathy is dependent 

on early identification and management of modifiable intrinsic and extrinsic 

factors because delayed intervention increases the likelihood of irreversible 

tendon degeneration and the need for surgical repair.
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Figure 1: 
Intrinsic and extrinsic factors contributing to rotator cuff tendinopathy. Rotator cuff 

tendinopathy arises from a multifactorial interplay of intrinsic and extrinsic factors. Intrinsic 

mechanisms include natural aging, collagen disorganization, genetic predisposition, and 

poor vascularity, which compromise tendon structure and function. Extrinsic factors like 

acromial morphology, altered scapular kinematics, and repetitive overhead activity exert 

mechanical stress on the rotator cuff tendons, particularly in the subacromial space. 

Together, these processes contribute to tendon degeneration, impaired healing, and increased 

susceptibility to both calcific and non-calcific forms of tendinopathy.
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Figure 2: 
Age-related degeneration, mechanical overload, poor vascularity, and inflammation disrupt 

tendon homeostasis. These intrinsic and extrinsic factors upregulate key chondrogenic 

signaling pathways— BMPs, Sox9, PTHrp, and FGFR3—priming tenocytes for pathological 

transformation.
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Figure 3: 
In response to altered signaling, mature tenocytes undergo metaplasia into chondrocyte-like 

cells. These cells begin to express markers consistent with endochondral ossification.
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Figure 4: 
The formative phase includes calcium deposition, in which chondrocyte-like cells express 

tissue nonspecific alkaline phosphatase (TNAP) and ENPP1, promoting hydroxyapatite 

crystal deposition within the tendon matrix. Type X collagen production and mineralization 

follow, initiating the buildup of calcific material. In the resorptive phase, the body 

initiates a self-limiting immune response. Macrophages infiltrate the tendon to phagocytose 

calcium and neovascularization accompanies this phase, contributing to significant pain and 

functional impairment.
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Figure 5: 
Following the resorptive phase, fibroblasts remodel the extracellular matrix and regenerate 

normal tendon structure. This phase may overlap with resorption and is associated with 

symptom resolution and functional recovery.
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Figure 6: 
Anatomical localization of calcific deposits in rotator cuff calcific tendinopathy 

(RCCT). Calcium deposits commonly affect the supraspinatus within the “critical zone”, 

approximately 1.5–2 cm from its insertion at the greater tubercle of the humerus. These 

deposits localize to either the articular or bursal side of the tendon, causing symptoms 

associated with glenohumeral synovitis and subacromial-subdeltoid bursitis, respectively. 

The dashed line distribution illustrates how localization can influence clinical manifestations 

and guide interventions.
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Figure 7: 
Stepwise treatment algorithm for rotator cuff tendinopathy. Management begins with 

conservative approaches such as NSAIDs and physical therapy. For patients with persistent 

symptoms, treatment diverges based on the presence of calcific versus non-calcific 

pathology. Surgical intervention is reserved for refractory cases—arthroscopic excision of 

calcium with subacromial decompression for RCCT, and arthroscopic debridement for non-

calcific cases.
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