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Abstract
Introduction: Similarly to polymyalgia rheumatica (PMR), calcium pyrophosphate deposition (CPPD) dis-
ease is common among older people. Calcium pyrophosphate deposition can present in several forms, 
including proximal manifestations associated with raised inflammatory markers. Consequently, CPPD 
disease may be diagnosed as PMR. Recently, a European Alliance of Associations for Rheumatology and 
American College of Rheumatology (EULAR/ACR) collaborative initiative proposed new classification cri-
teria for symptomatic CPPD disease. This review paper aimed to discuss when CPPD disease could be 
considered a PMR-mimicking disease in the light of these criteria. 
Material and methods: We performed a non-systematic literature search on PubMed, regardless of the lan-
guage. Abstracts submitted at conferences or from non-peer-reviewed sources were not included. 
Results: The prevalence of CPPD among patients categorized as having PMR supported the  inclusion 
of CPPD among the PMR-like diseases. However, CPPD disease was not diagnosed among the 169 sub-
jects in the non-PMR comparison group in the 2012 EULAR/ACR classification proposal for PMR. According 
to the 2023 EULAR/ACR study design for symptomatic CPPD, within the 148 definite mimickers forming 
the derivation cohort, 6 were affected by PMR; only one was affected by PMR within the 162 definite 
mimickers forming the validation cohort. Finally, in all the studies on this topic, no patient with PMR and 
CPPD was reported to have a late diagnosis of giant cell arteritis, at least within the term of follow-up 
of each study. 
Conclusions: The relationship between PMR and CPPD should be reviewed in light of the 2023 EULAR/
ACR classification criteria for symptomatic CPPD disease. Applying these 2023 criteria, we were able to 
identify three possible scenarios in patients categorized as having PMR according to the 2012 EULAR/ACR 
criteria: 1) polymyalgic manifestations in patients with already diagnosed CPPD disease (PMR/CPPD or 
pseudo-PMR CPPD pattern); 2) polymyalgic manifestations categorized as PMR in patients with concur-
rent diagnosed CPPD disease (symptomatic CPPD with overlapping PMR); 3) polymyalgic manifestations 
categorized as PMR in patients with undiagnosed chronic CPPD disease (PMR with concurrent undiag-
nosed CPPD). Further studies are additionally required to confirm the possibility that the PMR/CPPD 
subset may be a non-vasculitic pattern of disease.
Key words: polymyalgia rheumatica, classification criteria, calcium pyrophosphate deposition disease, 
crowned dens syndrome.
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Introduction
Polymyalgia rheumatica (PMR) is one of the most 

common inflammatory rheumatic diseases among older 

people, especially in the  70 to 80 age group [1–3]. Its  
diagnosis is based on recognition of a clinical syndrome: 
typically, PMR patients complain of a sudden-onset bi-
lateral pain in the shoulder and pelvic girdles limiting all 
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self-care activities of  daily living involving these parts 
of  the  body, associated with morning stiffness lasting 
more than 45 min. Neck ache may also be present [4, 5]. 
At present, no specific laboratory tests are available. High 
C-reactive protein (CRP) concentrations and/or erythro-
cyte sedimentation rate (ESR) are required criteria in 
the 2012 classification criteria proposed by a European 
Alliance of Associations for Rheumatology and American 
College of Rheumatology (EULAR/ACR) collaborative ini-
tiative [6]. 

As similar manifestations may be present in other 
conditions or diseases, differentiating between PMR 
and what looks like PMR (“PMR mimickers or PMR-like 
disease”) may not be a  straightforward challenge in  
everyday clinical practice [7–9]. 

Calcium pyrophosphate deposition (CPPD) disease is 
a clinically heterogeneous condition that can present in 
several forms, including crowned dens syndrome (CDS) 
and proximal manifestations associated with raised 
inflammatory markers [10, 11]. Similarly to PMR, CPPD 
disease is common among older people, its prevalence 
being estimated at > 4% in the 70 to 80 age group, and 
very rare below 50 years of  age [12]. Consequently, it 
is possible that PMR and CPPD may be associated by 
chance in the same patient. 

Recently, a  EULAR/ACR collaborative initiative pro-
posed classification criteria for symptomatic CPPD dis-
ease. 

The  objective of  this article was to discuss when 
CPPD disease could be considered a  PMR-mimicking 
disease in the light of these criteria. 

Material and methods

We performed a non-systematic literature search on 
PubMed with the following search terms: “polymyalgia 
rheumatica”  AND  “calcium pyrophosphate deposition 
disease” OR “chondrocalcinosis” OR “crown dens syn-
drome” OR “ultrasonography”, both MESH headings and 
free text (in each language in which they were written). 
Each paper’s reference list was scanned for additional 
publications meeting this study’s aim. When papers re-
ported data partially presented in previous articles, we 
referred to the  most recent published data. Abstracts 
submitted at conferences or from non-peer-reviewed 
sources were not included. 

Results

In Table I, we list the main studies and reports that 
we found in published literature. In some studies, the 
percentages of  CPPD among patients categorized as 
having PMR supported the  inclusion of  CPPD among 
the  PMR-like diseases, excluding the  possibility that it 

was mere coincidence. On the  other hand, it is worth 
highlighting that CPPD disease was not diagnosed with-
in 169 subjects in the  non-PMR comparison group in 
the above-mentioned 2012 EULAR/ACR study [6].  

Discussion

Polymyalgia rheumatica and CPPD are two diseases 
of the elderly population, especially in the 70 to 80 age 
group. Consequently, it is possible that PMR and CPPD 
may be associated by chance in the same patient. Their 
pathogenesis is significantly different. Specifically, CPPD 
belongs to the group of crystal-related arthropathies, 
and its clinical manifestations are a consequence of ac-
tivation of the NLRP3 inflammasome in response to the 
pathological presence of CPP crystals inside joints [10]. 
On the other hand, the pathogenesis of PMR is not at 
all linear, and some working hypotheses are awaiting 
confirmation [24, 25]. The evidence that PMR and CPPD 
occur almost exclusively in individuals aged over 50 may 
indicate that age-related immune modifications in gene
tically predisposed subjects contribute to development 
of these diseases [26, 27]. Proximal involvement is report-
ed in patients with chronic pyrophosphate arthropathy.

The possibility that CPPD disease may be a PMR- 
mimicking disease was first discussed by Dieppe et al. [13] 
in a 1982 clinical and radiological study of 105 patients 
diagnosed with CPPD. Among 92 consecutive CPPD pa-
tients with chronic joint disease, they found 8 patients 
who had been treated with glucocorticosteroids (GCs)  
for presumed PMR. As chronic GC therapy may predis-
pose to crystal deposition, the authors were unable to 
distinguish whether pyrophosphate arthropathy had 
occurred with polymyalgic symptoms (so-called “CPPD/
PMR”) or if it was favoured by GCs.

In a 2005 prospective study, Pego-Reigosa et al. [15] 
involved 36 patients with CPPD and polymyalgic mani-
festations (5 met McCarthy’s revised criteria for definite 
CPPD, and 31 for probable CPPD), and pointed out that 
presence of tibiofemoral osteoarthritis, tendinous calci-
fications, and ankle arthritis should have raised suspicion 
for CPPD in patients with polymyalgic manifestations. For 
these patients, they suggested a “pseudo-PMR/CPPD” 
pattern, distinct from the other CPPD disease patterns 
previously described in the literature. According to their 
suggestion, CPPD must be included among the rheumatic 
diseases, with which PMR can be confused. 

Other studies agree to propose a PMR/CPPD subset 
with some different characteristics compared with pure 
PMR: older females, lower levels of acute inflammatory 
markers at onset, higher frequency of peripheral arthri-
tis, and lower exudation on bursal sites of  shoulders. 
A possible overlap between PMR and CPPD disease was 
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Table II. US criteria proposed by the 2012 EULAR/ACR collaborative initiative [6]

•	 At least one shoulder with subdeltoid bursitis and/or biceps tenosynovitis and/or glenohumeral synovitis and at least one 
hip with synovitis and/or trochanteric bursitis 

•	 Both shoulders with subdeltoid bursitis, biceps tenosynovitis, or glenohumeral synovitis

not excluded in a  2018 monocentric cohort study per-
formed in a primary care setting [21].

More recently, Ottaviani et al. [22] found a surpris-
ingly high percentage of CPPD disease (48.07%) in pa-
tients considered to have PMR according to the  2012 
EULAR/ACR criteria for PMR. In their observational study, 
CPPD of the acromion-clavicular (AC) joint had the best 
ratio of sensitivity to specificity (sensitivity: 85.2%; spe
cificity: 97.1%). Consequently, they proposed ultraso-
nographic (US) assessment of  the AC joints as a more 
effective way to distinguish CPPD from true PMR.

Crowned dens syndrome can be a clinical-radiological 
manifestation for CPPD disease. It occurs with acute or 
subacute upper-neck pain limiting rotation of  the  cer-
vical spine. Usually, fever and elevated inflammato-
ry markers are present. The  presence of  calcification 
around the dental process of the second cervical verte-
bra (the “crowned dens”) on cervical computed tomo
graphy (CT) is almost pathognomonic [28, 29]. Crowned 
dens syndrome is estimated to represent about 5% 
of acute presentations of CPPD disease, and it is there-
fore considered rare. However, in some countries (such 
as Japan) it is not uncommon, being diagnosed within  
1 day of its presentation during hospitalization [30]. 

Crowned dens syndrome clinical manifestations can 
mimic meningitis, infectious spondylodiscitis, or sep-
tic arthritis of  the  facet joint. Is CDS a  potential PMR 
mimicker? Painful stiffness of the pelvic girdle is always 
absent in CDS patients, suggesting that this is a  dis-
criminating manifestation in clinical practice. According 
to the  2012 EULAR/ACR classification criteria, patients 
aged 50 years or older presenting with bilateral shoul-
der pain and elevated CRP and/or ESR can be classified 
as having PMR in the  presence of  morning stiffness  
> 45 min and new hip pain, in the absence of peripheral 
synovitis or positive rheumatoid arthritis (RA) serology [6]. 
Therefore, the  possibility that CDS may be a  PMR-like 
disease seems more like speculative reasoning than ac-
tual diagnostic uncertainty. 

Additionally, in their 2004 case series, Aouba et al. [14] 
reported on 4 patients first diagnosed with PMR whose 
final diagnosis was CDS. In these patients, GCs were in-
effective, and a  fast improvement followed treatment 
with nonsteroidal anti-inflammatory drugs (NSAIDs) 
and colchicine. 

Finally, an interesting aspect should be underlined 
regarding the prognosis and clinical course of patients 

with PMR and CPPD. In fact, in all the  studies on this 
topic, no patient with PMR/CPPD has had a late diagno-
sis of GCA (at least within the term of follow-up of each 
study) [15, 23]. On the  other hand, patients with pure 
PMR not infrequently experience late GCA (16–47% 
within 2–24 months of  PMR diagnosis). This remark-
able divergence in clinical course raises the  question 
of whether PMR/CPPD may constitute a  peculiar non- 
vasculitic subset.

Ultrasonographic assessment is included as an op-
tion in the 2012 classification criteria for PMR, where US 
criteria (Table II) increased the specificity (from 81.5 to 
91.3%). Additionally, US serves as a valuable tool for ex-
cluding alternative diagnoses such as non-RA shoulder 
conditions and subjects without shoulder conditions. 
Ultrasonography has proved helpful in the  diagnosis 
of CPPD [31]. In 2023, an international multidisciplinary 
working group developed a  framework for diagnosing 
CPPD based on imaging modalities, including US [32]. 
Typical US findings were considered as follows: 1) crys-
tal deposition must be found in the  fibrocartilage or 
hyaline cartilage to qualify as CPP deposition; 2) crystal 
deposition must be described as hyperechoic deposits 
with variable shape and size and not creating posterior 
shadowing; 3) hyperechoic deposits may also be visu-
alized on US in the  synovial membrane, joint capsule, 
or tendons, and 4) in dynamic scanning, the  deposits 
situated within hyaline cartilages move solidly in a syn-
chronous way and in the same direction of joint move-
ment, whereas CPP deposits of the synovial membrane 
and joint capsule move in opposition to joint movement, 
as cartilage slides under the capsule and synovial mem-
brane. Basic calcium phosphate (BCP) crystals – mostly 
partially carbonate substituted hydroxyapatite crystals 
– are associated with BCP deposition (BCPD) disease, in 
tendons (calcific tendinopathy of the shoulder and hip), 
bursae, or joints, where they can lead to a severe destruc-
tive arthropathy associated with osteoarthritis (mostly 
in large joints such as the shoulders, where the patho
logy is called Milwaukee shoulder syndrome) [33]. In BCP  
arthropathy, a  recent review concluded that there are  
limited data on the  utility of  US in differentiating the 
crystals of BCP and CPP [34], whereas in the 2023 EULAR 
recommendations on imaging for diagnosis of  crystal- 
induced arthropathies, Recommendation 5 states that  
in the diagnostic assessment of BCPD, imaging is neces
sary, and conventional radiology or US is the  recom-
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mended modality [35]. In any case, a risk of misidenti-
fication should always be taken into account in clinical 
practice for some consequences: as an example, the re-
sponse to local intra-articular GCS may be impressive 
in patients with CPPD disease, whereas it should be 
used with caution in patients with BCD disease because 
of  the  risk of  disrupting the  hydroxyapatite deposit or 
seeding further calcification.

Finally, new classification criteria for CPPD disease 
have been recently proposed. In the  1960s, Ryan and 
McCarty first proposed diagnostic criteria for CPPD dis-
ease. According to these criteria, the definite diagnosis 
was when CPP crystals were found (presence of  both 
typical linear or punctate calcification on radiography 
and findings consistent with CPP crystals on synovial 
fluid polarised light microscopy) [36]. 

In 2023, a EULAR/ACR collaborative initiative pro-
posed classification criteria for symptomatic CPPD dis-
ease [37]. These criteria would apply to CPPD disease as 
a whole, which meant that separate classification criteria 
for each clinical presentation were not within the aim 
of this initiative. The identification of CPP crystals in sy-
novial fluid from a symptomatic joint was sufficient for 
classification as CPPD as long as the exclusion criteria 
were not met (e.g. another condition did not explain 
the entire presentation). Crowned dens syndrome was 
another sufficient criterion. Attribution of symptoms to 
CPPD disease can be challenging, particularly in patients 
with coexisting conditions. Those patients for whom all 
symptoms are better explained by another coexisting 
condition cannot be categorized as having CPPD disease. 

In the absence of the aforementioned two sufficient 
criteria, patients could be categorized by scoring some 
remaining imaging and clinical criteria through 8 do-
mains and several levels: the face validity of a threshold 
score of > 56 was assessed. In other words, according 
to the 2023 EULAR/ACR criteria, a patient without suf-
ficient criteria may be equally classified as having CPPD 
disease if the sum of points according to the criteria pre-
sented in Table III is > 56 points. 

Among the 148 definite mimickers forming the deri
vation cohort, 6 were affected by PMR. The classification 
criteria demonstrated high sensitivity and specificity in 
an independent validation cohort. Among the 162 defi-
nite mimickers forming the validation cohort, only 1 was 
affected by PMR [37]. 

Given the  above data, when should we consider 
CPPD disease as a  differential diagnosis in a  patient 
with polymyalgic manifestations categorized as having 
PMR according to the  2012 EULAR/ACR criteria? Sche-
matically, there are 3 possible scenarios that may occur 
in clinical practice.

Polymyalgic manifestations categorized as PMR in 
a  patient with already diagnosed CPPD disease: PMR/
CPPD or pseudo-PMR CPPD pattern.

Proximal involvement is reported as common in pa-
tients with chronic pyrophosphate arthropathy. In these 
patients, US assessment may be useful for differentiat-
ing true PMR from chronic CPPD disease with polymyal
gic manifestations. Additionally, peripheral joints are 
commonly involved in chronic CPPD disease. In contrast, 
absence of peripheral synovitis is one of the 2012 classi-
fication criteria for PMR. In these patients with pseudo- 
PMR CPPD pattern, oral GCs can be used. However, GCs 
rarely give the  rapid improvement that the  clinician 
usually observes in a  patient with true, isolated PMR. 
NSAIDs associated with colchicine are conversely more 
effective [38]. 

A previous diagnosis of CPPD disease does not ex-
clude a  true PMR: PMR with concurrent symptomatic 
CPPD disease. In this case, the therapeutic recommen-
dations for PMR should be used. However, CPPD dis-
ease must also be treated if widespread and massive, to 
avoid its complications [39].

Polymyalgic manifestations categorized as PMR in 
patients with undiagnosed chronic CPPD disease. 

In this case, the  critical point is whether the  poly-
myalgic manifestations can be explained by PMR or by 
CPPD disease. Ultrasonography assessment may be cru-
cial for a correct diagnosis, and consequently for a proper 
therapeutic approach.

Conclusions
The possibility that CPPD disease and PMR may be 

present in the same patient is not negligible, especially 
if the patient is aged over 70 years. On the other hand, 
CPPD disease is often included in the  list of  common 
PMR-mimicking diseases, because CPPD patients with 
marked proximal involvement and elevated acute in-
flammatory markers may be categorized as having PMR. 

The  relationship between PMR and CPPD disease 
should be reviewed in the light of the 2023 EULAR/ACR 
classification criteria for symptomatic CPPD disease. 
Specifically, presence of  CPP crystals in synovial fluid 
and/or a score > 56 points (using additional weighted 
criteria taking into account clinical features, associat-
ed metabolic disorders, and results of  laboratory and 
imaging investigations) can classify patients as having 
CPPD disease with polymyalgic manifestations. In these 
patients, a diagnosis of PMR-like CPPD is therefore pos-
sible. On the other hand, when these criteria for symp-
tomatic CPPD are absent (no CPP crystals and/or score 
< 56 points), CPPD should be considered a  coinciden-
tal finding in patients with PMR (that is, PMR without 
symptomatic CPPD). 
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We look forward to future prospective studies apply-
ing the recent EULAR/ACR criteria, in order to better clas-
sify patients with polymyalgic manifestations and CPPD.

Likewise, further studies are required to confirm 
the possibility that PMR/CPPD may be a non-vasculitic 
pattern of disease.
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Table III. Domains, levels and points in the 2023 EULAR/ACR classification criteria for CPPD disease [37]

Domains and levels Points

A Age at onset of joint symptoms (pain, swelling, and/or tenderness)

≤ 60 years 0

> 60 years 4

B Time course and symptoms of inflammatory arthritis

No persistent or typical inflammatory arthritis 0

Persistent inflammatory arthritis 9

1 typical acute arthritis episode 12

More than 1 typical acute arthritis episode 16

C Sites of typical episode(s) of inflammatory arthritis in peripheral joints

1st MTPJ –6

No typical episode(s) 0

Joint(s) other than wrist, knee or 1st MTPJ 5

Wrist 8

Knee 9

D Related metabolic diseases

None 0

Present 6

E Synovial fluid crystal analysis from a symptomatic joint

CPP crystals absent on ≥ 2 occasions –7

CPP crystals absent on 1 occasion –1

Not performed 0

F OA of hand/wrist on imaging (defined as present if the Kellgren and Lawrence score is ≥ 2)

None of the following findings or no wrist/hand imaging performed 0

Bilateral radio-carpal joints 2

≥ 2 of the following: STTJ OA without 1st CMCJ OA; 2nd MCPJ OA; 3rd MCPJ OA 7

G Imaging evidence of CPPD in symptomatic peripheral joint(s) 

None on US, CT, or DECT (and absent on CR or CR not performed) –4

None on CR (and US, CT, DECT not performed) 0

Present on either CR, US, CT, or DECT 16

H Number of peripheral joints with evidence of CPPD on any imaging modality regardless of symptoms

None 0

1 16

2–3 23

≥ 4 25

CMCJ – carpometacarpal joint, CPPD – calcium pyrophosphate disease, CR – conventional radiography, CT – computed tomography,  
DECT – dual-energy computed tomography, MCPJ – metacarpophalangeal joint, MTPJ – metatarsophalangeal joint, OA – osteoarthritis, 
STTJ – scaphotrapeziotrapezoid joint, US – ultrasound.
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