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ABSTRACT: 

Calcific tendonitis of the rotator cuff is due to apatite deposits in the shoulder tendons. Patients affected by 

calcific tendonitis have chronic shoulder pain and disability. Although the disease is frequent, about 10 to 42% 

of painful shoulders, mechanisms leading to this pathological mineralization are still largely unknown.  

Research reported in the 90s suggested that the formation of calcific deposits is linked to cells looking like 

chondrocytes identified around calcium deposits within a fibrocartilage area. They were considered to be derived 

from tenocytes but more recently, tendon stem cells, able to differentiate into chondrocytes, were isolated. The 

pro-mineralizing properties of these chondrocytes-like cells, especially the role of alkaline phosphatase, are not 

currently clarified. The calcium deposits contain poorly crystalline carbonated apatite associated with protein. 

Among these proteins, only osteopontin has been consistently identified as a potential regulating factor. During 

the disease, spontaneous resorption can occur with migration of apatite crystals into the subacromial bursa 

causing severe pain and restriction of movement. In in vivo and in vitro experiments, apatite crystals were able to 

induce an influx of leucocytes and a release of IL-1β and IL-18 through the activation of the NLRP3 

inflammasome. However, mechanisms leading to spontaneous resolution of this inflammation and disappearance 

of the calcification still need to be elucidated. 

 

 

 

Keywords: calcific tendonitis, shoulder, apatite  
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1. Introduction 

Calcific tendonitis (CT) is one of the most frequent causes of non-traumatic shoulder pain. CT is found in 10 to 

42% of chronic painful shoulders [1-4]. Calcific deposits can also remain asymptomatic, found in 3% of non-

painful shoulders [5]. Patients suffering from CT are generally aged between 30 and 60 years and women are 

more often affected than men. Bilateral involvement is common and CT is not linked to manual work [6]. 

Calcium deposits are more often located in the supraspinatus tendon. Factors associated with the development of 

symptoms are still unclear although the size and presence of a bursitis on imaging have been shown to be 

associated with the pain [7]. Calcium deposits may result in chronic pain with discomfort during daily and 

professional activities. During the evolution, an acute inflammatory episode may occur, leading to the 

disappearance of the calcification. Although frequent, the mechanisms leading to the deposition of calcium 

crystals within the tendon remain unclear. Moreover, factors associated with its spontaneous resorption are also 

unknown. 

In this review, we will first discuss the data available on the mechanisms and cells involved in the formation of 

the calcium deposits. We will next analyze the different steps associated with their disappearance.  

  

2. Calcific deposits formation 

The hypothesis most frequently accepted was proposed by Uhthoff et al. [8] who considered that the 

mineralization process starts with a metaplasia of tenocytes into chondrocytes and that the deposition is actively 

mediated by these chondrocyte-like cells.  

 

2.1. Cells involved in the formation of the calcium deposits 

Normal tendons are composed of collagen, elastic fibers and a ground substance. The main component of 

tendons is type I collagen, which accounts for approximately 60–85% of the dry weight of the tendons. The 

remaining ground substance acts like anhydrophilic gel which surrounds the collagen. It contains proteoglycans, 

glycosaminoglycans (GAGs), structural glycoproteins, and a wide variety of inorganic components (calcium, 
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magnesium, manganese, copper, zinc, phosphore…) [9]. These elements are produced by tenocytes, which are 

elongated fibroblast-like cells that lie between the collagen fibers. 

Calcific tendonitis is characterized by the presence of calcium deposits which appear as amorphous areas located 

within the tendon fibers (Figure 1). Several studies have described the presence of chondrocyte-like cells 

surrounding these deposits [8; 10; 11]. They have a rounded morphology and are located in lacuna as 

chondrocytes in the cartilage. The matrix surrounding these cells become metachromatic (toluidine blue and 

Azur A positive staining), suggesting a fibrocartilaginous composition (GAGs). It also contains chondroitin-4-

sulphate and chondroitin-6-sulphate, especially around the cells [11]. The lack of type II collagen [11; 12] 

suggests that this “fibrocartilaginous area” differs from other forms of fibrocartilage. Few patients were reported 

to have an osseous metaplasia near the calcium deposit but this pattern seems rare and probably does not 

represent the main mechanism involved [8; 11]. 

Uhthoff et al. assumed that the presence of chondrocyte-like cells in the tendon was explained by a metaplasia of 

tenocytes into chondrocytes [8; 12]. Factors able to drive this metaplasia are still unknown. Extracellular matrix 

of the tendon can be modified in response to load with formation of a fibrocartilaginous matrix at sites where the 

tendons are under compression [13]. This compression could occur when the supraspinatus tendon become 

impinged under the subacromial space during overhead activities. In line with this hypothesis, genes that are 

highly expressed in fibrocartilage (type II collagen and aggrecan) or in cartilage tissue (Sox9) are upregulated in 

the overused supraspinatus tendon [14]. Chondroid cells have also been observed within degenerative tendinous 

lesions [15]. However, overuse and degenerative phenomenon cannot be the only factors involved as CT is 

usually observed in young patients and is not associated with manual work.  

Another hypothesis could be that these chondrocyte-like cells derive from mesenchymal stem cells. Several 

studies have demonstrated the existence of stem cells within the tendons (TSCs) [16]. TSCs are characterized by 

their multidifferentiation potential and are able to differentiate into adipocytes, chondrocytes, and osteocytes in 

vitro, and form tendon-like, cartilage-like, and bone-like tissues in vivo [17]. The hypothesis that TSCs might be 

able to drive the chondrocyte transformation in the tendon remains to be explored.  

 

2.2. Cellular mechanisms involved in the mineralization process 
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Mineralization is an active and complex process involving protein and enzymes leading to crystal deposition. 

Matrix vesicles (MVs) are essential in the formation of cartilage, bone and dentin. These nano-vesicular 

structures, found in the extracellular matrix, are one of the sites of mineral nucleation that occurs in the organic 

matrix of the tissues. MVs are enriched in tissue nonspecific alkaline phosphatase (TNAP), phosphatidylserine, 

nucleotide pyrophosphatase phosphodiesterase 1 (NPP1) and Phospho-1. Ca2+ and PO4
3− in the extracellular 

matrix are transported into MVs via MV transporters, annexins for Ca2+ and Pit-1/2 for PO4
3−. Within MV, the 

ions interact with membrane phospholipids to form a nucleational core complex, resulting in the formation of 

nanocrystals [18]. In 1993, Archer et al. found that matrix vesicles were present in tendons but without any 

difference in their distribution between foci of calcification and normal tendon [11]. Uhthoff et al. found an 

intracellular activity of alkaline phosphatase in chondrocyte-like cells and in the matrix surrounding the cells 

(Gomori staining). They suggested that the coalescence of calcium crystals present in matrix vesicles (MVs) 

could form the calcification and considered the phenomenon as an incomplete endochondral ossification [8]. On 

the opposite, Archer at al. did not detect alkaline phosphatase enzymatic activity in areas containing the 

distinctive rounded cells. For them, the lack of collagen type II and alkaline phosphatase in the pathological 

regions suggests that the calcification process is not mediated through an endochondral transition [11]. 

Others data suggest a crucial role of phospholipids released by cellular debris in pathological calcifications. 

Indeed, studying various pathological calcifications (fibrocartilage, kidney stones, tendon, skin and arteries), 

Boskey et al. observed a high Ca-PL-P complexes content (calcium acidic phospholipid phosphate) in tissues 

containing hydroxyapatite [19]. These complexes are able to induce both in vitro and in vivo hydroxyapatite 

deposition [19, 20]. The presence of these Ca-PL-P complexes indicates the presence of cellular and membrane 

debris in the deposits. In calcium pyrophosphate deposition (CPPD) disease, CPPD crystals are known to cause 

cell lysis which can produce membrane debris able to provide sites for new crystal formation. Such a mechanism 

could be involved in the formation or the growth of apatite deposits. 

 

Overall, chondrocyte-like cells have clearly been identified around calcifications and probably have a critical 

role in the calcification process. However, cellular mechanisms involved in the deposition of apatite crystals are 

not well established. Discrepancies exist about their ability to produce mineralizing enzymes such as alkaline 

phosphatase. The characterization of the mineral composition of the calcific deposits could be helpful to better 

understand these mechanisms. 
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2.3. Mineral composition of the calcific deposits 

Analyses of the calcific deposits aspirated during US-guided lavage allow the characterization of their crystalline 

composition. Scanning electron microscopy shows a powder with organic matter and a poorly crystalline phase 

containing ellipsoidal objects of sizes ranging from 5µm to 200µm in diameter [21]. X-ray diffraction (XRD) 

shows poorly crystalline carbonated apatite with broader peaks than the synthetic hydroxyapatite (HAP) [22; 23]. 

These samples are characterized by a Ca:P molar ratio about 1,7, close to the one observed in hydroxyapatite 

(1,67). With Fourier transform infrared spectroscopy (FTIR), two types of carbonates apatite have been 

identified: type A and type B according to the position of ion CO3
2-[21]. The main difference with synthetic HAP 

is the absence of OH- band and the presence of CO3 groups in bands at 870, 1410 and 1450 cm-1, related to 

protein groups [21; 22; 24]. In 2006, Hamada et al. found no difference between calcium deposits removed from 

acute inflammatory stage and from chronic stage [22]. In 2010, Chiou et al. studied mineral components of 

different ultrasound morphologies of deposits. Three types of IR spectra were found: one for arc or fragmented 

shapes, one for nodular shape and the last for the cystic shape. These three spectra were closely similar but they 

found a poorer crystallinity in the “arc/fragmented shapes” group than in the “nodular shape” group. 

Furthermore, they found different distributions of A- and B-type carbonated apatite according to the US shape. 

The three crystalline phases were correlated with the US morphology of calcific deposits and with pain intensity. 

These data suggested different stages of maturation in the calcification process and could be helpful for 

clinicians to manage patients suffering from calcific tendonitis. 

 

 

2.4. Protein composition of calcium deposits 

 

The organic phase serves as a scaffold for calcific deposits. In bone, for instance, proper crystallization of 

calcium/phosphate salt needs the presence of collagen fibers. The mineral particles align themselves with their 

long axes parallel to the fibril axis of the collagen. The apatite crystals appear to deposit first within the holes 

between the individual collagen molecules and then to spread throughout the matrix. The collagen and associated 
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protein play an important role in determining nucleation, growth, and proliferation of these crystals. A better 

characterization of the protein composition of the calcification matrix could help to better understand the 

processes involved in the formation of the calcium deposits. 

Raman and FTIR spectra analysis show the presence of protein associated with apatite crystals [24]. Osteopontin 

(OPN) is one among the proteins that have been identified in samples extracted from calcified samples [21]. It is 

a non-collagenous bone matrix protein associated with bone formation and mineralization. This protein belongs 

to the SIBLING (small integrin-binding ligand N-linked glycoprotein). The SIBLING proteins are principally 

expressed in bone and dentin and are secreted into the extracellular matrix during osteoid formation and 

subsequent mineralization. In bone, osteopontin is an inhibitor of mineralization. Addition of OPN to cultures of 

osteoblast-like cells drastically reduces the amount of mineral formation [25]. Osteopontin was detected by 

immunohistochemistry only in cells adjacent to the calcified area and nor in normal tendons neither in cells away 

from the calcific deposit [26]. OPN is a substrate for the enzyme transglutaminase 2 (TG2), which catalyzes 

inter- and intramolecular cross-linking affecting the biological activity of the protein. Tissue transglutaminase 2 

(tTG2) as also shown to be overexpressed in calcific area [27]. In vascular calcification process, OPN was 

identified as a potent inhibitor of crystal growth. Hunter et al. showed that VSMCs (vascular smooth muscle 

cells) derived from OPN-null mice exhibited higher levels of calcification than those from wild-type animals. 

These data suggest that the abundance of OPN at sites of ectopic vascular calcifications reflects upregulation of 

the protein in response to crystal formation [25]. 

Bone Morphogenic Protein-2 (BMP-2) was also proposed as a regulator of tendinous calcification in in vitro 

studies. Indeed, BMP-2 was able to increase the osteogenic differentiation of tendon-derived stem cells [28]. 

However, Oliva et al. performed a screening by RT-PCR of genes involved in tissue remodeling and bone 

development in biopsies from calcified and non-calcified tendon areas [27]. They did not detect any increase of 

BMP-2 expression but showed a significant decrease of BMP-4 and BMP-6. Osteonectin, expressed in vascular 

calcification and identified as a procalcifying factor [29], was not increased in calcified areas.  

Finally, Grases et al. [21] suggested that phytate could have a role in the development of tendinous calcium 

deposits. The main sources of phytate in the daily diet are cereals and legumes. In this study, they found a 

significantly lower urinary phytate concentration in patients with CT than in healthy individuals. Phytate is 

considered as an inhibitor of hydroxyapatite crystallization and a phytin-enriched diet was able to reduce soft 
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tissue calcification in an animal model [30]. Phytate concentrations in blood and tissues are correlated with those 

in urine, suggesting that these patients have a tissue deficit in this crystallization inhibitor.  

 

To summarize the first part of this review (Figure 2), formation of the calcific deposits appears to be linked to 

chondrocyte-like cells. Their origin and pro-mineralizing properties remain to be clarified. The calcium deposits 

contain poorly crystalline carbonated apatite associated with protein. Among these proteins, only osteopontin has 

been consistently identified and additional studies are necessary to characterize the other proteins present in the 

calcific deposits.  

 

3. Resorption of the calcium deposits 

Natural historical course of calcific tendonitis can end by an acute phase associated with severe pain leading to 

the resorption of the calcific deposit. Factors leading to this phase are still unknown. In the chronic phase, 

amorphous calcific deposits are surrounded by a fibrocartilaginous tissue without inflammatory cells or vessels 

and thus can be hidden from the immune cells (personal non published observation). Fragmentation of the 

calcification or even bursal steroids injection can lead to its disappearance due to the disruption of the fibrous 

tissue and activation of a local inflammation. During resorption, patients consult for severe pain but the lower 

prevalence of CT in the elderly than in the population between 30 and 60 suggests that asymptomatic 

spontaneous resolution could exist. 

3.1. Initiation of the resorption 

Histological studies of calcific tendonitis retrieved during surgery have shown macrophages and multinucleated 

cells around broken-up calcium deposits, often accompanied by capillaries or thin-walled vascular channels. 

These cells have phagocytic capacities and might be responsible for the initiation of the resorption [8; 11]. 

Macrophages located within mineralized regions of tissue were seen to contain mineral [11]. Furthermore, the 

multinucleated giant osteoclast-like cells expressed TRAP and Cathepsin K both involved in bone resorption 

[31]. They are also positive for osteopontin [26]. In mineralized tissues, OPN has an important role in osteoclast 
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function. Osteoclasts deficient in OPN do not migrate and are unable to resorb bone [32]. We can assume that 

OPN could have a similar role in osteoclast-like cells observed around calcium deposits.  

Then, diffusion of apatite crystals from the calcification into the subacromial bursa results in severe pain and 

restriction of movement. The factors that trigger this phase remain unknown. 

We will discuss below the mechanisms by which apatite crystals can induce an inflammatory reaction leading to 

the resorption of the calcification (Figure 3). 

 

3.2. Pro-inflammatory effects of apatite crystals 

 

3.2.1. In vivo pro-inflammatory effects of apatite crystals 

The air pouch model is the most frequent animal model used to explore the inflammatory response induced by 

crystals. This model has been more largely used to explore monosodium urate monohydrate crystal-induced 

inflammation. The model has been first described in 1981 by Edwards [33]. Mechanical disruption of the 

subcutaneous connective tissue in rats or mice by the repeated injection of air results in a cavity with a lining 

structure having many of the features of synovial membrane. This structure closely resembling synovium is 

formed after 6 days and provides a convenient model for studying the behavior of synovial lining tissue under a 

wide variety of easily administered stimuli.  

Injection of apatite crystals in air pouch induces a local inflammation with massive cell infiltration throughout 

the pouch cavity and the membrane lining, accompanied by swelling of the surrounding tissues and vascular 

dilation [34; 35]. The exudate and the pouch lining are rich in polymorphonuclear cells and mononuclear 

phagocytic cells [34; 36]. The inflammatory response is yet present 6 hours after crystals injection, maximal at 

24 h and spontaneously decreases at 48h [36]. In the exudates, IL-1β, IL-6 and IL-18 are secreted in significant 

amounts. The inflammatory response depends on inflammasome. Indeed, apatite-induced neutrophil recruitment 

and cytokine production were abrogated in mice lacking NLRP3, ASC or caspase-1 such as leukocyte ingress 

and swelling of the synovium-like membrane [35]. Finally, TNFα was not significantly increased in the exudate 
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after apatite injection [37]. Of note, all these studies have been performed with synthetic hydroxyapatite and the 

effect of patients carbonated form might induce a different response. 

 

3.2.2. In vitro effects of apatite crystal on cells 

To decipher the cellular mechanisms leading to the inflammatory response, these experiments have been pursued 

in vitro. Several authors have studied the impact of apatite crystals on the release of major pro-inflammatory 

cytokines (IL-1β, TNF, IL-6) by monocytes-macrophages. In the oldest studies, hydroxyapatite-stimulated 

human monocytes inconstantly release IL-1β [38-41]. Indeed, it was more recently highlighted that priming is 

essential for crystal induced IL-1β secretion. This induced IL-1β release is caspase-1 and NLRP3 dependent 

[42]. Apatite crystals can also increase IL-6 production by human monocytes in vitro with a dose dependent 

effect [39]. Finally, Di Giovine et al. showed that human blood mononuclear cells treated with apatite crystals 

could release significant amounts of TNF but this was not constant and appeared to be related to the individual 

donor [43].  

 Concerning macrophages, apatite crystals do not stimulate TNF-α secretion even after LPS-priming [35; 44]. 

However, they stimulate high secretion of IL-1β and IL-18 when using murine macrophages. As for monocytes, 

LPS-priming is essential to induce IL-1β production. Using peritoneal macrophages derived from NLRP3, ASC, 

and caspase-1 deficient mice, HA-induced IL-1β and IL-18 secretion was markedly reduced, highlighting the 

critical role of the NLRP3 inflammasome in this response [35]. Interestingly, the same study has shown that 

different physical parameters of crystals exhibit different capacities to induce the inflammasome activation in 

vitro. Thus, needle-shaped crystals are the most effective to induce an inflammatory response [35]. Cunningham 

et al. showed that apatite crystals can also activate a signaling pathway leading to the induction of S100A8, 

identified as an endogenous activator of TLR-4, which can in turn feedback on cells to drive pro-IL-1β 

production [44]. Finally, high concentrations of prostaglandin E2 were found in the supernatants of peritoneal 

mouse macrophages stimulated by apatite crystals [45]. 

Other cells from the synovial tissue could be involved in the production of pro-inflammatory factors after 

stimulation by crystals. Thus, hydroxyapatite crystals were able to induce IL-6 production by human 

synoviocytes in vitro. Conversely, IL-1 was not detectable in these cells [39].  
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Overall, the study of mechanisms involved in apatite-induced inflammation showed the crucial role of IL-1β, 

produced after activation of the NLRP3 inflammasome pathway as observed with other in vitro crystals-induced 

response (monosodium urate or calcium pyrophosphate for instance). Priming of the cells by a first signal is also 

essential to induce a cellular response. Treatment targeting IL-1 (anakinra) has been evaluated to treat patients 

with acute refractory pain associated with calcification resorption [46]. 

 

3.3. Tendon healing  

After the disappearance of the deposits, we do not observe tendon sequela [47]. On surgical samples, Uhthoff et 

al, observed small areas representing the process of repair. They observed different patterns: granulation tissue 

with young fibroblasts and newly formed capillaries and also, well-formed scars with maturing fibroblasts. In 

these areas, newly formed collagen fibrils were detected [12].  

 

 

4. Conclusion  

Mechanisms involved in the deposition of calcium in tendons are complex and not yet fully understood. 

Histological analysis of calcific tendonitis allowed the characterization of chondrocyte-like cells surrounding an 

amorphous crystal deposit. However, the origin of these cells and the cellular mechanisms involved in their 

mineralization capacities needs to be further explored. Their expression of alkaline phosphatase and the presence 

of matrix vesicles are controversial in the literature. Calcific deposits are composed of poorly crystallized 

carbonate apatite that is linked to an organic phase made of different protein. Osteopontin has been shown to be 

expressed in the organic phase but other protein need to be identified to better understand the mechanisms 

involved in the formative phase. The inflammation induced by the crystals and leading to their disappearance 

involved osteoclast-like multinucleated giant cells and cytokines from the IL-1 family such as IL-1β and IL-18. 

The NLRP3 inflammasome seems to have a critical role in the resorption. The factors involved in the occurrence 

of the resolution phase and the different steps leading from the resorption of the calcium deposit to the tendon 

healing also need to be better characterized.  
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FIGURES 

Figure 1. Hematoxylin and Eosin staining of a calcific tendonitis.  

The calcium deposits appear as amorphous areas located within the tendon fibers and surrounded by a 

fibrocartilaginous tissue. 

 

Figure 2. Formative phase of the calcific deposits.  

Under unknown conditions, cells present in the tendon (tenocytes or tendon stem cells) undergo a chondrocytes 

metaplasia leading to rounded chondrocytes-like cells. These cells might be able to produce matrix vesicles and 

express TNAP (Tissue Nonspecific Alkaline Phosphatase) leading to formation of calcium crystals. They also 

produce an organic phase made of collagen and other matrix protein. The calcific deposit slowly grows until it 

elicits an inflammatory reaction characterized by the presence of osteoclast like multinucleated giant cells 

expressing cathepsin K. Ultimately, this reaction will lead to the resorption of the calcification 

 

Figure 3. Mechanisms involved in induction of inflammation by apatite crystal in the subacromial bursa.  

A massive cell infiltration, mainly composed of polymorphonuclear cells and mononuclear phagocytic cells, 

occurs throughout the pouch cavity and the membrane lining. In response to apatite stimulation, monocytes 

produce IL-1β and IL-6 and macrophages secrete IL-1β and IL-18 through the activation of the NLRP3 

inflammasome. Apatite crystals also activate a signaling pathway leading to the induction of S100A8, identified 

as an endogenous activator of TLR-4, which can in turn feedback on cells to drive pro-IL-1β production. 

Furthermore, macrophages can produce high concentrations of prostaglandin E2 (PGE2). Finally, other cells 

from the synovial tissue could be involved in the production of pro-inflammatory factors after stimulation by 

crystals: hydroxyapatite crystals induce IL-6 production by human synoviocytes. 
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