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Abstract: Periarticular calcifications are a common condition for rheumatologists. They are char-
acterized by deposition of carbonated apatite in tendons or connective tissues around joints. It
most commonly affects patients between 30 and 60, and the main location is the shoulder (rotator
cuff tendons), followed by the hip. Although the disease is frequent, factors associated with the
appearance of the deposits or their spontaneous resorption remain unclear. In this review, we will
summarize the available data about mechanisms underlying the constitution of the deposits and their
resorption and describe the various affected sites and the associated symptoms. In the last part, we
will discuss current treatment options.
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1. Introduction

Periarticular calcifications are characterized by apatite deposits in extra-articular
structures such as tendons, bursa, ligaments or other connective tissue structures. The
disease mainly affects people between 30 and 60, with a higher prevalence in women.
Although the shoulder is the main involved joint, other locations are common around the
hips, hands and feet or cervical spine. Depending on the stage of the disease, patients
present either chronic pain, affecting their daily and professional activities, or acute and
intense pain with sudden onset and rapid recovery in the case of deposit resorption.

Rotator cuff calcific tendonitis is the most widely studied location. Among risk factors,
calcific tendonitis is associated with endocrine pathologies such as hypothyroidism or
diabetes [1] but there is no link with manual labor or dominant side [2]. A lower level
of urinary phytate was observed in patients with rotator cuff calcifications compared to
healthy controls [3]. The main sources of phytate in the diet are cereals and vegetables.
Phytate is considered as an inhibitor of apatite crystallization and, in animals, soft tissue
calcification was reduced by a phytin-enriched diet [4]. These data suggested a tissue
deficit in this crystallization inhibitor in patients and a potential role of food in the disease.
Recently, an association between tyrosine kinase inhibitors intake and calcific tendonitis
was reported [5]. However, there are no clear mechanisms identified to support a causal
relationship between the treatment and tendon calcifications so far.

In this review, we will first discuss the data available on the mechanisms involved
in the constitution of apatite deposits and those involved in the inflammatory resorption
phase. We will describe the most common locations and related symptoms. In the last part,
we will discuss therapeutic options.

2. Mechanisms Leading to the Deposits and Pro-Inflammatory Effects of
Apatite Crystals

The analysis of calcifications extracted from the rotator cuff by infrared spectroscopy
showed carbonated apatite associated with proteins. These proteins belong to biological

Gout Urate Cryst. Depos. Dis. 2024, 2, 266–274. https://doi.org/10.3390/gucdd2030020 https://www.mdpi.com/journal/gucdd

https://doi.org/10.3390/gucdd2030020
https://doi.org/10.3390/gucdd2030020
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/gucdd
https://www.mdpi.com
https://doi.org/10.3390/gucdd2030020
https://www.mdpi.com/journal/gucdd
https://www.mdpi.com/article/10.3390/gucdd2030020?type=check_update&version=1


Gout Urate Cryst. Depos. Dis. 2024, 2 267

processes such as endochondral ossification, vesicles and exocytosis, cartilage development,
apoptosis or phosphate metabolism [6]. Mechanisms underlying the constitution of the
deposits have been identified 30 years ago by Uhthoff [7]. The hypothesis was based on
histological observations. A four-phase process was proposed: it starts with a pre-calcific
stage, followed by a crystal formation stage, then by a resorption phase and ends with
a repair phase. The mineralization process starts with a fibrocartilaginous metaplasia
and a crystal deposition that looks to be actively mediated by chondrocyte-like cells [7].
This fibrocartilaginous metaplasia is not similar to enthesis fibrocartilage since it does not
contain collagen II [6,7]. These chondrocyte-like cells observed in the fibrocartilaginous
area might be derived from tendon stem progenitor cells (TSPC) or from tenocytes. Indeed,
cells extracted from human rotator cuff tendons were able to differentiate in mineralizing
cells, displaying a hypertrophic chondrocytes phenotype (increased expression of SOX9,
MMP13, COLL10 and TNAP (Tissue Non-Specific Alkaline Phosphatase)) [6]. However,
factors involved in the onset of the metaplasia remain unknown. Recently, Hu et al. estab-
lished that a downregulation of PPP1R3A (Protein Phosphatase 1 regulatory subunit 3A)
was associated with a dysregulation of intracellular calcium levels in calcific tendonitis,
suggesting a potential causal role for this regulator of membrane channels and receptors [8].
In addition, mechanical stimuli may play a role in the development of rotator cuff calcifica-
tions through friction or shearing, since a large majority of deposits are located close to the
junction between the supraspinatus and infraspinatus tendons [9]. This mechanical stress
might have an effect on the phenotype of tenocytes or TSPC located in this area.

The natural course of calcific deposits ends via an acute inflammatory phase. Macrophages
and multinucleated cells have been observed around broken-up deposits. These phagocytic
cells might be responsible for the initiation of the resorption [10]. Then, the inflammation
induced is mainly mediated by IL-1β through the NLRP3 inflammasome as reported in other
crystal-associated disorders [11,12]. However, to date, mechanisms triggering resorption remain
to be identified.

3. Clinical Presentations

Patients with calcific tendonitis suffer either acute and intense pain with a rapid onset
in resorption cases or chronic pain, generally more moderate, in case of impingement. In
acute cases, the main differential diagnosis is septic arthritis. In most cases, the diagnosis
is based on X-ray, with blurred and fragmented calcifications contrasting with the dense
and homogeneous aspect of calcifications when asymptomatic or responsible for chronic
pain. To classify the deposits with X-rays, the two most widely used classifications were
provided by Molé [13] and Gärtner [14]. Molé’s type C and Gartner’s type III refer to
deposits in the course of resorption. However, it is important to note that inter-reader
reliability is slight to fair for these classifications: Kappa values at 0.18 to 0.25 and 0.33 to
0.47 for Molé and Gärtner, respectively [15–17]. With ultrasound, four types of deposits
have been described: arc-shaped (an echogenic arc with clear shadowing), fragmented or
punctate (at least two separated echogenic spots or plaques with or without shadowing), or
nodular (an echogenic nodule without shadowing). In some cases, computed tomography
(CT) is necessary to rule out differential diagnosis or to explore deep locations such as
the spine.

3.1. Upper Limb Involvement

Rotator cuff calcifications are the most frequent and the most widely studied. Calcific
tendonitis is considered the cause of chronic shoulder pain in 10 to 40% of cases. In most
cases, deposits are observed in the supra-spinatus tendon. Asymptomatic deposits are
found in 3 to 10 % of patients [18]. Symptoms occur when the size is over 15 mm on
X-rays [18]. In ultrasound, larger calcifications (>14 mm) are associated with pain. In
addition, a power Doppler signal and a widening of the sub-acromial bursa were also
associated with symptomatic calcifications [19]. During resorption, the intra-osseous
migration of the calcification has sometimes been observed leading to humeral greater
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tuberosity osteolysis [20,21]. Migration of calcium deposits into the deltoid muscle is also
possible [22]. More uncommon locations have been described around the shoulder, such as
the long head of the biceps or the insertion of the pectoralis major. In the latter location,
cortical erosion adjacent to the calcification may suggest a tumoral process [23].

Tendon insertions around the elbow may be affected by apatite deposits, especially
wrist extensors or wrist flexors or triceps brachii tendon [24]. In Figure 1, we present the
case of a 20-year-old woman with acute pain and limited mobility of the elbow. X-rays
showed a blurred calcific deposits within the wrist extensors, close to the lateral epicondyle
(Figure 1A).
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A CT scan was finally necessary to identify the deposits located in the gluteus medius 
tendon. X-rays and ultrasound were considered normal. Other sites are more rarely en-
countered: direct head of the rectus femoris, iliopsoas, piriformis, gemellus superior and 
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Figure 1. Upper limb examples of calcific deposits resorption on X-rays and ultrasound. (A) Cal-
cification resorption in the wrist extensors close to the lateral epicondyle in a 20-year-old woman
with acute and intense elbow pain. (B) Calcification resorption in the wrist capsule in a 45-year-old
woman with acute dorsal wrist pain. CD = calcific deposit.

The most common location around the wrist is the insertion of the flexor carpi ulnaris
tendon, but cases involving the flexor digitorum, extensor digitorum or abductor pollicis
brevis have also been reported [25]. Periarticular apatite deposits may also be observed
around the metacarpophalangeal (MCP) or interphalangeal (IP) joints. In this 45-year-old
woman with acute dorsal wrist pain (Figure 1B), the deposit was in the wrist joint capsule.
One month later, the deposit has completely disappeared.

Finally, in older patients, another rare apatite-induced acute shoulder pain is possible.
Milwaukee shoulder refers to a destructive arthropathy associated with advanced rotator
cuff tears and deposition of basic calcium phosphate crystals including apatite crystals. It
affects patients between 50 and 90 years. Radiographic findings show advanced articular
surface destruction with intra-articular bodies [26].

3.2. Lower Limb Involvement

Around the hip, deposits are mainly found in the gluteus medius tendon (Figure 2A),
followed by the reflected head of the rectus femoris muscle, which inserts at the supero-
lateral aspect of the acetabulum. In Figure 2A, we report the case of a 33-year-old man
suffering from severe hip pain. The examination of the hip was very painful and limited. A
CT scan was finally necessary to identify the deposits located in the gluteus medius tendon.
X-rays and ultrasound were considered normal. Other sites are more rarely encountered:
direct head of the rectus femoris, iliopsoas, piriformis, gemellus superior and inferior or
in the joint capsule [27,28]. When deposits resorption occurs within the reflected rectus
femoris tendon, a coxofemoral effusion is possible, mimicking septic hip arthritis.
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More rarely, calcification resorption occurs around knees, with a small number of cases
reported in the literature involving the medial and lateral collateral ligaments, popliteal
tendon, quadricipital tendon and biceps femoris [29].

Around the feet, periarticular deposits are common on the hallux, especially on the
medial part of the first metatarsophalangeal (MTP) joint or near the lateral sesamoid bone
(insertion of the flexor pollicis brevis). Calcifications may also be found at the insertion of
the tibialis posterior on the navicular, in the fibularis longus or around other MTP joints
or IP joints. In Figure 2B, we report the case of a 60-year-old runner consulting for pain
under the first MTP for 1 month. X-rays showed a voluminous blurred and heterogeneous
calcification under the medial sesamoid bone. In this case, the pain had finally improved
after 3 months. Calcium deposit had decreased at this stage but was still present (Figure 2B).

3.3. Spinal Locations

The superior oblique portion of the longus colli muscle is the most commonly reported
location. The muscle arises from the anterior tubercles of the transverse processes of the
third, fourth and fifth cervical vertebrae and, ascending obliquely with a medial inclination,
is inserted via a narrow tendon into the tubercle on the anterior arch of the atlas. On
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X-rays, the calcific deposit is visible in front of C1-C2. Patients suffer from neck pain and
stiffness associated with odynophagia or dysphagia due to its location behind the pharynx.
The differential diagnosis is retropharyngeal abscess and CT is usually required [30,31].
Cervical interspinous involvement has also been described [32]. Outside the cervical spine,
apatite resorption around the coccyx is possible. In Figure 3, the X-ray and CT scan show a
pericoccygeal deposit: the 25-year-old woman was suffering from acute pain in the coccyx
area with nocturnal pain for two days.
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3.4. Diffuse and Family Diseases

Forms with diffuse deposits around joints have been described and are responsible for
recurrent painful flares [33]. Diffuse calcific periarthritis have been described in familial
cases and may have reveal an underlying disease such as hypophosphatasia [34]. More
recently, Cudrici et al. characterized diffuse periarticular calcifications in patients with
a deficiency of CD73 [35]. Arterial calcification due to a deficiency of CD73 (ACDC)
is a hereditary autosomal recessive ectopic mineralization syndrome caused by loss-of-
function mutations in the ecto-50-nucleotidase gene. CD73 deficiency is thought to promote
tissue calcification through a reduction in extracellular adenosine and an increase in tissue
non-specific alkaline phosphatase activity. In this disease, joint involvement combines
periarticular calcifications, especially around hands, intervertebral disk calcifications and
mixed erosive-degenerative joint changes.

4. Treatments

In the case of resorption, nonsteroidal anti-inflammatory drugs are usually quickly
effective. If they cannot be used due to contraindications (ischaemic heart disease, stomach
or duodenal ulcers,...), oral steroids or local steroid injection are effective alternatives. Little
data are available on IL-1 blockers to treat acute flares of calcific tendonitis: anakinra was
able to quickly decrease apatite calcification-induced joint pain [36,37]. However, this
treatment remains of limited use given the efficacy of other anti-inflammatory treatments.

In the case of chronic pain, as it is a self-resolving disease, conservative treatments
are preferred as first-line treatments. The vast majority of studies concern rotator cuff
calcifications. Treatments that have been evaluated include steroid injections, extracorporeal
shockwave therapy, imaging-guided percutaneous lavage (UGPL) and surgery.

Steroid infiltration is generally given after failure of physiotherapy and symptomatic
medication. In a group of 102 patients who received subacromial injection, 37% did not
require further treatment during the 2-year follow-up period [38]. When steroid injection is



Gout Urate Cryst. Depos. Dis. 2024, 2 271

ineffective, or only temporarily effective, extracorporeal shockwave therapy or UGPL may
be considered.

High-energy extracorporeal shockwave therapy is more effective than placebo, both
in terms of pain relief and functional recovery [39]. UGPL is also effective in reducing pain
and calcification size. One- and two-needle techniques has been described. After local
anesthesia, the lavage is performed with saline, and steroid injection is usually performed
at the end of the procedure. A randomized controlled study demonstrated the benefits of
this steroid injection after UGPL on pain and function and showed no negative impact on
the deposit resorption [40]. Obtaining a communication between the calcification and the
subacromial bursa was associated with disappearance of calcification at 3 and 12 months
after UGPL [41]. After UGPL, patient follow-up is needed, as pain may flare up between
6 weeks and 3 months after the lavage. In addition, if pain persists with little changes
on X-ray, a second lavage should be performed. Indeed, deposits changes on X-ray at
3 months are predictive of the clinical outcome at 12 months [42]. Finally, ultrasound
features could be predictive of UGPL outcomes. Indeed, calcifications without shadowing
seem to have a better prognosis [43], whereas dense calcifications with shadowing were
more often associated with the need for a second lavage (15% of patients required a
second procedure) [44]. To help remove hard rotator cuff deposits, sodium thiosulfate
injection during UGPL was evaluated. However, adding sodium thiosulfate did not give
better results than standard UGPL [45]. Although mainly performed to treat shoulder
calcifications, UGPL also demonstrated good efficacy in extra-shoulder locations [46].

Steroid injection and UGPL efficacy showed rapid and similar effects in the first few
weeks, but improvement over the long term (1 year) is only observed after UGPL. When
the follow-up was extended to 5 years, 65% of patients who initially had a steroid injection
finally required UGPL [47]. Studies comparing UGPL and high-energy extracorporeal
shockwave therapy showed the efficacy of both techniques, but the superiority of UGPL in
improving pain and reducing the calcification size [48].

Regarding surgical management, three options were studied: evacuation of the calcifi-
cation alone, acromioplasty or both combined. Recovery and return to normal activities
appear to be faster when acromioplasty was not performed [49]. To date, there is no strong
evidence that surgery is superior to UGPL to improve symptoms so it looks reasonable to
try UGPL first [50,51].

Finally, when patients suffer from mild to moderate symptoms, a wait-and-see strategy,
i.e., not using invasive treatments aiming to remove the deposits (UGPL or arthroscopy),
may be discussed since the condition ultimately resolves spontaneously. No difference
in clinical outcomes were observed at 5 and 10 years in patients who underwent UGPL
compared with those who did not [52]. The blurred appearance on X-rays and absence of
shadowing on ultrasound were associated with favorable outcomes in patients managed
with conservative therapy (physiotherapy and NSAIDs) [53].

5. Conclusions

Periarticular calcifications are a frequent condition. Despite their frequency, the
mechanisms triggering tendon mineralization and the circumstances leading to resorption
remain unknown. Regarding treatments, different options are available to reduce pain and
improve function. As it is a self-resolving disorder, conservative treatments are preferred,
and surgery should be only offered in a limited number of cases.
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