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Abstract
Purpose of Review Although intra-articular (IA) mineralization resulting from calcium crys-
tal deposition is common in osteoarthritis (OA), its clinical significance remains unclear, 
including whether it is a cause or consequence of OA. This article reviews the current 
understanding of IA mineralization in OA including epidemiology, pathogenesis, and asso-
ciations with clinical and structural OA outcomes.
Recent Findings Many gaps in knowledge remain regarding the role in OA of calcium 
crystal deposition resulting in IA mineralization. However, recent studies have begun to 
further elucidate this role, including through use of advanced imaging modalities that 
can differentiate calcium crystal types, as well as basic science studies investigating 
whether calcium pyrophosphate (CPP) and basic calcium phosphate (BCP) depositions 
represent different phenotypes and endotypes in OA.
Summary An improved understanding of the role of IA mineralization in OA may lead to 
development of targeted therapies with potential clinical and structural benefits for knee 
OA.
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Introduction

Intra-articular (IA) mineralization resulting from cal-
cium crystal deposition is common in osteoarthritis 
(OA), with articular cartilage calcification universally 
present in advanced or end-stage OA [1–3]. How-
ever, the clinical significance of this IA mineralization 
remains unclear. Crystals that can deposit intra-articu-
larly include calcium pyrophosphate (CPP) and basic 
calcium phosphate (BCP). The term chondrocalcinosis 
refers to articular cartilage calcification that is identi-
fied on imaging or histological examination, but is not 
synonymous with the deposition of CPP crystals [4].
Clinical presentations of CPP are broadly defined by 
the umbrella term calcium pyrophosphate deposi-
tion disease (CPPD) [4], and includes asymptomatic 
CPPD, OA with CPPD, acute CPP crystal arthritis, and 
chronic CPP crystal arthritis. BCP clinical manifesta-
tions include calcific tendinitis (also called periarthri-
tis), most commonly affecting the shoulder, and a 

destructive, erosive monoarthritis termed Milwaukee 
shoulder [5].
The common pathophysiology underlying both CPP 
and BCP crystal arthritis is crystal-induced low-grade 
inflammation. Whether this crystal-induced inflam-
mation also contributes to the pathogenesis of OA 
remains to be fully elucidated. Chondrocalcinosis, as 
well as the presence of BCP and CPP crystals, have been 
associated with OA, particularly with more advanced 
stages of radiographic disease [6–11]. However, gaps 
in the understanding of IA mineralization with OA 
remain, such as whether it is a cause or consequence of 
OA. It remains unclear whether this calcium deposition 
increases the risk of cartilage damage or other struc-
tural abnormalities. Additionally, whether targeting 
the presence of IA mineralization as an OA phenotype 
may be of benefit for clinical and structural outcomes 
requires further study.

Epidemiology
Prevalence

The prevalence of chondrocalcinosis visualized on radiographs depends 
on the anatomic site studied. In the community-based Framingham study, 
the prevalence of knee chondrocalcinosis was 8.1% among a cohort with 
age > 60 years [6]. In a UK, community-based study (mean age 63.7 years), 
the prevalence was similar (7.0%) [7]. In autopsy studies, the prevalence of 
chondrocalcinosis on gross inspection and histopathologic examination was 
higher, with a prevalence of 14–20% in the knee [12, 13].

Risk factors
Radiographic chondrocalcinosis is more prevalent with increasing age, from 
25% in those aged 55–59 to 60% in those aged 80–84[7]. Among adults 
18 years and older, an Italian study estimated a prevalence of 0.42% [14], 
while an Italian study of those 65 and older found a prevalence of 10.4% [8]. 
A Spanish primary care-based study of those 60 and older found a similar 
prevalence of chondrocalcinosis of either the knee or wrist [15].

Female sex has been associated with higher frequency chondrocalcinosis 
in some studies [6, 15] though not others [7]. A 2011 meta-analysis did not 
support a sex predisposition [4]. The prevalence of knee chondrocalcinosis 
in a Beijing cohort was much lower compared to the US-based Framingham 
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cohort (1.8% vs 6.2% in men; 2.7% vs 7.7% in women) [16], suggesting 
differences by race.

Other risk factors for CPPD include metabolic conditions such as hyper-
parathyroidism, hypomagnesemia, hemochromatosis, and hypophosphatasia 
[17–20]. Hypomagnesemia from gastrointestinal and renal losses are associ-
ated with CPPD, such as with rare conditions like Bartter’s and Gitleman’s 
syndromes [20]. Some studies have suggested associations between CPPD and 
medications that induce hypomagnesemia (diuretics, proton pump inhibi-
tors) [21–23].

There are rare, familial forms of CPPD, from which some of the patho-
biology has been elucidated. These include mutations in osteoprotegerin, 
the decoy receptor for RANK ligand, and ANKH, a transmembrane protein 
that increases the transport of inorganic pyrophosphate to the extracellular 
space [24].

OA and IA mineralization
The presence of radiographic chondrocalcinosis is associated with radio-
graphic OA [6–8, 15]. In synovial fluid studies of knee OA, the prevalence of 
BCP or hydroxyapatite crystals ranges from 26–57% of knees in older studies 
[9–11, 25], while the prevalence of CPP crystals ranges from 12 to 52% of 
knees [9–11, 25, 26].

Articular cartilage calcification has been associated with worsening OA 
severity [3, 9–11]. Studies have suggested that articular calcification is associ-
ated with increasing age as well as OA severity [9–11, 27]. However, in a study 
of 106 knees from 56 donors at the time of autopsy (mean age, 52 years), 
older age, but not OA severity, was correlated with the presence of calcifica-
tion [28]. No age correlation was found in other studies [3, 29]. A potential 
explanation, discussed later in this review, may be that mineralization from 
CPP crystals is associated with older age (cellular senescence), and minerali-
zation from BCP crystals with OA severity [9, 11].

Studies from Fuerst and colleagues, using multiple methods of visuali-
zation including electron microscopy and digital contact radiography, have 
also demonstrated that articular cartilage calcification is universally present 
in end-stage OA joints at the time of joint replacement [3, 29]. Further, older 
autopsy studies showed that articular cartilage calcification is also present in 
normal joints [30]. These findings suggest that IA mineralization may not 
simply be a byproduct of severe OA, or advanced age, but that there may be 
a pathogenic role for calcium crystal deposition in the joint.

Identification and imaging

The identification and diagnosis of IA mineralization using clinically avail-
able modalities remains challenging. While CPP crystals are more easily 
identified in aspirated synovial fluid using polarized light microscopy, BCP 
crystals require Alizarin red staining and large aggregates to be seen on light 
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microscopy [31]. Conventional radiograph only has a sensitivity of approxi-
mately 40% for the detection of chondrocalcinosis [32–34].

In a 2016 meta-analysis of 13 studies using ultrasound to detect CPPD, 
the sensitivity ranged from 34 to 77% and the specificity from 92 to 100% 
[35]. An OMERACT working group developed definitions for the detection of 
knee and wrist CPPD in the hyaline cartilage and fibrocartilage [36, 37]. These 
were validated [38] and studied in another independent cohort [32]. There 
are no consensus criteria for the detection of BCP on ultrasound, although 
ultrasound has been used for diagnosis and guided therapies.

Conventional CT may also be used to detect IA mineralization, although 
dual energy CT (DECT) has become increasingly studied [39]. Using DECT, 
the sensitivity and specificity for detecting CPPD were 77.8% and 93.8%, 
respectively, in one study using polarized light microscopy visualization of 
synovial fluid aspirate as a reference standard [34]. A novel CT scoring system, 
the Boston University Calcium Knee Score (BUCKS) was developed in the 
Multicenter Osteoarthritis Study (MOST) cohort for the semi-quantitative 
scoring of IA mineralization in the knee, with good inter- and intra-reader 
reliability [40]. DECT has also been studied for its ability to discriminate CPP 
from BCP crystals in both ex vivo and in vivo samples [41–43]. However, limi-
tations remain. DECT is unable to detect early CPPD, when crystal deposits 
are too small [44]. In a phantom study, while DECT was able to discriminate 
other crystal compositions from monosodium urate, it failed to discriminate 
CPP from BCP with small crystal diameters [45].

Improved methods for the detection of IA mineralization, as well as the 
differentiation of CPP from BCP deposits, are essential for research efforts 
to understand the role of calcium crystal deposition in OA pathogenesis and 
progression, and whether its presence may serve as a suitable imaging bio-
marker for use in clinical trials.

Chondrocalcinosis and osteoarthritis
OA structural outcomes

The presence of chondrocalcinosis has been associated with OA severity, but 
longitudinal studies have been conflicting as to whether there is increased risk 
of OA structural progression. Neogi et al. studied two OA cohorts, the Boston 
OA Knee Study (n = 265 knees) and the Health ABC cohort (n = 373 knees), in 
which chondrocalcinosis prevalence in the knee was 9%, and 18.5%, respec-
tively [46]. Knee MRIs were obtained at baseline and follow-up, but no associ-
ation of baseline chondrocalcinosis was seen with the risk of cartilage loss on 
MRI. Similar findings were seen in the Knee and Hip OsteoArthritis Long-term 
Assessment (KHOALA) cohort of 636 participants with symptomatic knee 
OA with or without hip OA [47•]. At 5-year follow-up, baseline radiographic 
chondrocalcinosis was not associated with radiographic progression or risk 
of total joint replacement. Conversely, in a small sample of 70 participants 
from the Osteoarthritis Initiative (OAI), the presence of chondrocalcinosis 
was associated with worsening of the MRI score at 4-year follow-up [48•]. 
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Although data from observational studies have been mixed, they suggest that 
IA mineralization, when visualized as radiographic chondrocalcinosis, may 
place knees at higher risk for cartilage loss.

OA clinical outcomes
The presence of chondrocalcinosis has been associated with OA clinical 
outcomes. In the KHOALA cohort, Latourte and colleagues demonstrated 
that baseline chondrocalcinosis was associated with worse pain and physical 
function scores measured on the Western Ontario and McMaster Universi-
ties Arthritis Index (WOMAC), although there was no association with OA 
structural changes [47•]. Similarly, Han and colleagues found associations in 
OAI with pain on the WOMAC and Intermittent and Constant Osteoarthritis 
Pain (ICOAP) questionnaire, though not with synovitis on MRI [49]. These 
studies suggest that IA mineralization may contribute to the development of 
symptoms and functional limitations in people with OA. However, as with 
studies of OA structural outcomes, current published evidence has been lim-
ited to use of radiographic chondrocalcinosis as a proxy for the presence of 
IA mineralization.

Pathophysiology

Although observational studies in cohorts of adults with or at risk for OA 
have not provided conclusive evidence that radiographic chondrocalcino-
sis (as a surrogate for IA mineralization) is associated with higher risk of 
OA incidence or progression, animal models have demonstrated this link 
with structural progression. In a New Zealand white rabbit model of OA, the 
repeated injection of CPP crystals into the knee resulted in severe OA [50]. In 
a Hartley guinea pig model of OA, BCP calcification of the meniscus resulted 
in cartilage degeneration [51].

The pathophysiology underlying calcium crystal deposition effects on OA 
structural and clinical outcomes may involve inflammation and the biome-
chanical effects of crystals [52]. Formation of crystals depends upon several 
factors. Briefly, inorganic pyrophosphate blocks the formation of BCP crystals 
while high levels of inorganic pyrophosphate lead to CPP crystal formation 
[53]. In a study of human ankles ranging from normal to radiographic OA, 
Muehleman and colleagues found that crystal deposition caused biomechani-
cal damage to the cartilage, leading to OA structural progression [27]. From 
their animal study, Cheung, et al. also concluded that meniscal calcification 
may result in altered joint biomechanics, contributing to structural damage in 
the joint [51].

CPP crystals lead to inflammation through activation of the NLRP3 inflam-
masome, leading to release of the pro-inflammatory cytokine IL-1β, similar 
to what is seen in gout via monosodium urate crystals [54]. It is reasonable 
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to hypothesize that calcium crystal induced inflammation may contribute to 
pain development in OA, including to pain fluctuations.

The understanding of how BCP crystals contribute to inflammation and 
possibly to structural damage is more complex. Hydroxyapatite crystals have 
been shown to induce IL-1β and IL-18 release in vitro [55], but this may be 
via alternative pathways independent of NLRP3 inflammasome activation 
[56, 57]. The membrane proximal kinases Syk and PI3 have been implicated 
in pro-inflammatory cytokine release by BCP crystals [58]. BCP crystals also 
promote TNF release from macrophages [59] and IL-6 from chondrocytes 
[60]. The up-regulation of select matrix metalloproteinases from OA synovial 
fibroblasts and the increase of prostaglandin 2 production via COX-1 and -2 
[61, 62] may also contribute to structural damage of the joint through degra-
dation of extracellular matrix components in the cartilage.

Animal models and other basic science studies support the pathogenic 
role of calcium crystals in OA, particularly through the elaboration of pro-
inflammatory cytokines. Further work is needed to determine whether target-
ing cytokine-specific pathways may be a viable treatment strategy for the sub-
set of individuals with knee OA who also have IA mineralization on imaging.

Treatment of osteoarthritis with IA mineralization

There are no specific guidelines for the management of OA with chondro-
calcinosis [63]. The management is largely derived from the treatment of 
CPPD [64].

For acute CPP arthritis, recommendations include steroids (intra-articular 
preferred over systemic dosing), colchicine, and nonsteroidal anti-inflam-
matory drugs, although the evidence is limited to older, small studies. The 
available evidence, and therefore therapies, for chronic or recurrent CPP 
arthritis are also limited. A small (n = 36) double-blind, randomized study 
of hydroxychloroquine demonstrated better response in reduction of tender 
and swollen joints in chronic CPP arthritis [65]. A double-blind, randomized 
crossover study of methotrexate (15 mg weekly for 3 months) in 26 partici-
pants with chronic CPP arthritis did not demonstrate benefit in disease activ-
ity 44 (DAS44) improvement [66].

The treatment of BCP depends on the clinical presentation. Calcific tendinitis 
may be treated with NSAID or corticosteroid injection. If refractory, barbotage 
and extracorporeal shockwave therapy may be considered [5]. For Milwaukee 
shoulder, surgery may be considered if refractory to more conservative measures.

Given the role of inflammation in CPP arthritis, biologic therapies have 
been studied for its management. A systematic review performed in 2020 
found only 11 studies (all case series or case reports) totaling 74 patients 
with data reported following the receipt of the IL-1 receptor antagonist 
anakinra for either acute or chronic CPP arthritis [67]. Of those with acute 
arthritis episodes, 81% had a response (variably defined) and of those 
with chronic arthritis, 43% had a response, with adverse events reported 
in 4% overall. IL-6 inhibition with tocilizumab has also been studied in a 
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small pilot study of 11 participants with recurrent acute and chronic CPP 
arthritis [68].

Although prior studies of IL-1β inhibition for knee OA were negative 
[69–71], there has been renewed interest in targeting inflammatory path-
ways for OA. An exploratory analysis of a large trial of canakinumab, an 
IL-1β inhibitor, in individuals with cardiovascular disease and elevated 
high sensitivity C-reactive protein levels found significant reductions in 
total joint replacements [72•]. This finding supports the hypothesis that 
there is a subset of individuals with knee OA, perhaps those with IA min-
eralization demonstrated on imaging, in whom directly targeting inflam-
mation might be helpful. Further work needs to be done in defining this 
phenotype.

Gaps in knowledge and future work

Many gaps in the understanding of IA mineralization and its role in OA 
remain (Fig. 1). A major question to disentangle is whether IA mineraliza-
tion is a cause or consequence of OA. With advanced imaging modalities, 
studies can be better designed to address whether there are location- and/
or tissue-specific effects of calcium crystal deposition, and whether CPP and 
BCP represent different endotypes/phenotypes. All of this work would lead 
to more precise OA phenotyping and targeted treatment.

Fig. 1  Knowledge gaps and specific research questions regarding the role of intra-articular mineralization in knee osteoar-
thritis. Abbreviations: IA, intra-articular; OA, osteoarthritis; CPP, calcium pyrophosphate; BCP, basic calcium phosphate
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Novel advanced imaging
Advancement of research that can determine whether location- and tissue-specific 
effects exist for OA structural and clinical outcomes depend in part on usage of 
improved imaging. If crystal deposits are sufficiently large within knees, then the 
differentiation of CPP from BCP may be possible using DECT [44]. However, limi-
tations remain, especially with smaller deposits. Photon-counting detector CT is a 
novel advanced imaging technique which has been capability to discriminate CPP 
from BCP compared with DECT [73–75]. It is non-invasive and is being studied 
for clinical use, and has a benefit over DECT of finer spatial resolution [76].

Location‑ and tissue‑specific effects
Earlier work characterizing calcium crystal deposition was unable to properly 
study the distribution of CPP vs BCP [7]. Nguyen et al. looked at 20 knees with 
primary OA at the time of total knee replacement [77]. Consistent with the 
work of Fuerst and colleagues demonstrating that articular cartilage calcification 
is widespread within the OA knee [3], all knees had calcium containing crystals 
and all had BCP crystals. Crystals were present in all compartments. It has not 
been clearly shown whether there are location-specific effects of IA mineraliza-
tion within the knee, that is, whether compartments or subregions of the joint 
with a larger burden of mineralization is at higher risk of cartilage damage.

Studies have not yet provided clear insights into whether IA mineralization 
in different anatomic tissues within the joint may have differential effects on 
cartilage damage. Calcification of the meniscus in knee OA was investigated by 
Sun et al. in an in vitro study using cultured meniscal cells from individuals with 
knee OA [78]. They demonstrated that these cells produced more calcium depo-
sition than did non-OA controls. With CT-detected IA mineralization in MOST, 
Misra, et al. found that the most common site was the meniscus [79]. Whether 
there is a difference in the effect of IA mineralization in the meniscus versus the 
hyaline articular cartilage on cartilage damage or worsening remains to be seen.

CPP VS BCP: different phenotypes and endotypes?
IA mineralization resulting from CPP vs BCP deposition may represent differ-
ent phenotypes (disease subtypes defined by observable characteristics) and 
endotypes (disease subtypes defined by pathobiological mechanisms). The 
association of BCP crystals and chondrocyte hypertrophy via the Wnt signalling 
pathway has long been known. Meyer et al. studied CPP crystals in individuals 
with chondrocalcinosis compared with BCP crystals in individuals with OA, 
and defined two different endotypes: one of chondrocyte hypertrophy in BCP 
(universally present in OA articular cartilage) and another of cellular senescence 
in CPP [80•]. This is consistent with older work that links chondrocalcinosis or 
CPP with increasing age and BCP with increasing OA severity [3, 9–11].
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Few studies have evaluated the differences in inflammation via cytokine produc-
tion by crystal type. Scanu, et al. studied MSU, CPP, and BCP crystals and their effect 
of pro-inflammatory cytokine production from polymorphonuclear cells, mono-
cytes, and lymphocytes [81]. They found that BCP crystals, compared to the other 
crystal types, required higher concentrations to cause the same effects. In a small 
study of 110 individuals with knee OA, the presence of BCP crystals detected by syno-
vial fluid and scanning electron microscopy was associated with higher WOMAC 
scores but the presence of CPP with higher Kellgren-Lawrence grading [82].

Potential differences in structural outcomes by crystal type remains to be elu-
cidated. While CPP has been understood to be more inflammatory and thus 
linked to more structural severity, BCP can also be destructive as evidenced by 
Milwaukee shoulder. A recent DECT study demonstrated BCP-based calcifications 
with intraosseous migration, supporting the erosive nature of BCP crystals [43].

Conclusions

In conclusion, the renewed interest in elucidating the role of IA mineraliza-
tion in OA may lead to the development of novel targeted treatment strate-
gies benefiting both structural and symptoms. This is much needed in this 
condition that affects 528 million adults worldwide and which, despite being 
a leading cause of pain and disability, has limited effective treatment options.
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