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ABSTRACT

Joint diseases associated with calcium pyrophos-
phate crystals (calcium pyrophosphate dihydrate
deposition disease, CPPD) are classified as crys-
tallopathies. They clinically present as chondrocal-
cinosis, acute or chronic arthritis. The main risk
factors are age, injuries and degenerative changes
in the joints. One or more joints may be affected.
Knees, wrists and shoulders are the most com-

INTRODUCTION

Calcium pyrophosphate dihydrate dep-
osition disease (CPPD), along with gout, is
one of the most common crystallopathies and
involves the deposition of calcium pyrophos-
phate (CPP) crystals in cartilage and periar-
ticular structures. It may be asymptomatic, or
present as acute or chronic arthritis.

EPIDEMIOLOGY AND CLASSIFICATION
OF CPPD

Joint diseases associated with calcium
pyrophosphate crystals affect the elderly pop-
ulation and their risk of occurrence increases
with age. The majority of patients with acute
arthritis are over 65 years old, with 30-50%
of patients over 85 years old [1]. In the British
population, the incidence of CPPD in people
aged 55-59 years is 3.7%, and in those aged
80-84 years, it is 17.5% [2]. No difference in
incidence was found between men and wom-
en. There is an association between CPPD and
osteoarthritis (OA), as advanced osteophyto-

monly affected joints. CPPD may be primary or
secondary, and may be associated with hemo-
chromatosis, hyperparathyroidism, hypothyroid-
ism, and hypomagnesemia. Treatment is mainly
symptomatic, most commonly using non-steroidal
anti-inflammatory drugs, colchicine, or glucocor-
ticoids.
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sis correlates with intra-articular deposition of
CPP [3, 4]. CPPD comes in primary and sec-
ondary forms (generalized and localized). Pri-
mary CPPD may be familial and has an autoso-
mal dominant inheritance pattern. Secondary,
generalized form of CPPD may be associated
with hemochromatosis, gout, hyperparathy-
roidism, alkaline phosphatase deficiency, hy-
per- or hypothyroidism, and hypomagnesemia
[5]. Localized CPPD can develop in patients
with joint instability or after meniscus remov-
al surgery.

PATHOGENESIS OF CPPD

The pathogenesis of CPPD has been
shown to be influenced by transglutaminases
involved in extracellular matrix mineraliza-
tion and affecting chondrocyte hypertrophy.
A pathogenetic link with IL-8 is suggest-
ed, which causes chondrocyte hypertrophy
through the CXCRI1 receptor (CXC chemo-
kine type 1 receptor). In familial CPPD, the
association of two gene loci, CCAL1 (long
arm of chromosome 8) and CCAL2, with the
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ANKH gene (short arm of chromosome 5)
has been confirmed. The former is associa-
ted with a severe form of OA, while the latter
encodes a protein that affects the transport of
phosphorus across cell membranes and influ-
ences the activity of enzymes related to mine-
ral metabolism. A change in the phenotype of
chondrocytes near crystallization foci has also
been demonstrated [6, 7]. The cause of CPPD
in patients with hemochromatosis or alkaline
phosphatase deficiency is unknown. Hypo-
magnesemia promotes CPP crystallization.

CLINICAL PRESENTATION OF CPPD

The clinical presentation of CPPD de-
pends on its phenotype (Tab. 1). Joint diseases
associated with calcium pyrophosphate crys-
tals can take the form of:

— chondrocalcinosis;

— acute arthritis (pseudogout);

— chronic arthritis (pseudo-rheumatoid ar-
thritis);

— pyrophosphate arthropathy associated with
OA [7].

Pyrophosphate arthropathy most com-
monly affects weight-bearing joints: hips, knees,
and shoulders. Crystal deposits accumulate
mainly in fibrous and hyaline cartilage [8, 9].

Chondrocalcinosis is defined as the pres-
ence of calcium salt deposits (not just CPP) in
articular cartilage, which have been detected
by imaging or histological examinations. Chon-
drocalcinosis is the most common form of
CPPD, and is usually asymptomatic [10].

Patients with acute arthritis have symp-
toms similar to an acute gout flare such as
pain, swelling, and redness of the joint area.
Unlike gout, symptoms build up more slowly.
A pseudogout flare affects a single joint, most
often the knee, followed by wrists, shoulders,
ankles, and elbows. Sometimes the inflamma-
tion can involve ligaments, tendons, bursae,
and spinal joints [11]. Half of the patients have
general symptoms: subfebrile state, fatigue.
Factors that induce the onset of acute pseudo-
gout include: joint trauma, myocardial infarc-
tion, infections, treatment with thyroxine, bi-
sphosphonates, intra-articular administration
of hyaluronic acid.

Chronic arthritis associated with CPPD
affects 11% of patients and is characterized
by periods of exacerbation and remission. Pe-
riods of exacerbation occur asynchronously
and most often affect the wrist and metacar-
pophalangeal (MCP) joints. The main symp-
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toms are morning stiffness, joint pain and
swelling, elevated ESR and CRP values.

Chronic arthropathy in the course of
CPPD presents similarly to OA and often
accompanies it. What distinguishes this form
of CPPD from primary OA is the involve-
ment of the wrist, shoulder, ankle, and elbow
joints. Unlike OA without CPPD, the lesions
are mainly symmetrical, and there is usually
a narrowing of the lateral aspect of the knee
joint gap and the development of valgus. It is
not known whether chondrocalcinosis is the
cause of OA or a consequence of the chang-
es that occur in the articular cartilage during
its course. The co-occurrence of both diseas-
es significantly accelerates the progression
of OA. CCP has been found in 25-43% of
patients with advanced OA undergoing knee
arthroplasty [12-14]. Pyrophosphate arthrop-
athy can affect all structures of the spine, in-
cluding facet joints, intervertebral disc carti-
lage, interspinous, supraspinous, yellow and
posterior longitudinal ligaments. Accumula-
tion of CPP in the fibrocartilage of the axial
skeleton is a common phenomenon in patients
undergoing spinal surgery, but symptomat-
ic spinal involvement in CPPD is quite rare.
Changes in spinal structures can cause acute
pain syndromes, and more massive crystals
can cause nerve compression, myelopathy,
and symptoms of cauda equina syndrome. The
cervical and lumbar spine are most commonly
affected. Axial CPPD requires differentiation
from septic arthritis of the spine and ankylos-
ing spondylitis [15-17].

DIAGNOSIS OF CPPD

Joint fluid analysis and imaging are used
in the diagnosis of CPPD. A reliable diagnosis
of CPPD can be made by analyzing synovial
fluid collected during arthrocentesis. During
acute inflammation, the fluid is cloudy, slightly
bloody, and inflammatory. Fluid analysis using
polarized light microscopy reveals the pres-
ence of CPP crystals, which are characteristi-
cally rhomboid or rod-shaped and are mainly
located in the cytoplasm of granulocytes/mac-
rophages. CPP crystals are characterized by
weakly positive birefringence [8, 18-23]. X-ray
is the most commonly used diagnostic imaging
method. Calcification of the hyaline cartilage
of a joint, which appears in the form of narrow
linear shadows, is the most characteristic trait.
CPP deposits are also seen in tendons, liga-
ments, fascias, joint capsules, as well as in the



Table 1. Clinical presentations of CPPD [7]

Clinical presentation Clinical symptoms

Chondrocalcinosis

Usually asymptomatic, typical radiological features

Acute arthritis
mainly the knee

CPP deposits in articular cartilage and synovium; usually inflammation of one joint,

Chronic arthritis

Joint deformities caused by chronic CPP deposition

Pseudo-0A

Co-occurrence of CPPD and OA symptoms

Pseudo-RA
tory markers

Symmetric polyarthritis, mainly PIP and MCP, morning stiffness, elevated inflamma-

Pseudo-neuropathic arthropathy

Radiological features of Charcot joints, without nervous system dysfunction

CPP — calcium pyrophosphate crystals; OA — osteoarthritis; CPPD — calcium pyrophosphate dihydrate deposition disease; MCP — metacarpophalan-

geal joints; PIP — proximal interphalangeal joints; RA — rheumatoid arthritis

meniscus (knee joints) or intervertebral discs
(spine). A common radiologic sign of CPPD is
isolated stenosis of the patellofemoral joint or
degenerative changes in the metacarpophalan-
geal joints of the hands. X-rays also show cystic
degeneration, bone and cartilage fragmenta-
tion. In patients with suspected CPPD, X-rays
of knees, pubic symphysis, hips, and wrists are
most often performed. The presence of char-
acteristic X-ray changes may confirm CPPD,
but their absence does not rule out the disease.
Ultrasound is helpful in the early stages of the
disease, as it shows synovitis and CPP deposits
in cartilage in the form of hyperechoic bands
or foci (monosodium urate crystals are pres-
ent on the cartilage surface). Ultrasound has
a higher sensitivity and specificity than X-ray.
Magnetic resonance imaging also detects the
presence of CPP with high accuracy. Despite
the fact that computed tomography accurately
shows calcification, it is not routinely used to
diagnose pyrophosphate arthropathy [12, 15,
24-28]. Conventional radiography and com-
puted tomography remain the gold standard in
imaging diagnostics. MRI scans are of limited
value [29].

Due to the association of CPPD with met-
abolic diseases, the levels of calcium, phospho-
rus, magnesium, iron, alkaline phosphatase,
ferritin, thyroid hormones, and ceruloplasmin
should be determined in each patient with
a recent diagnosis of CPPD [7, 30-32].

TREATMENT OF CPPD

Treatment of CPPD includes non-phar-
macological and pharmacological therapies.

Non-pharmacological treatment includes
reducing stress on the affected joint, applying
cold compresses during acute inflammation,
and controlling modifiable risk factors. There
is no cure for the cause of pyrophosphate ar-

thropathy. Unlike gout, no effective treatment
has been found to eliminate calcium pyroph-
osphate crystal deposits. The goal of CPPD
treatment is to reduce inflammation and com-
pensate for metabolic abnormalities that could
predispose to CPP deposition.

Asymptomatic CPPD does not require
treatment [33, 34].

In the case of acute inflammation of
one or two joints, glucocorticoids (GCs) are
administered intra-articularly. When at least
three joints are involved, systemic treatment
is used: non-steroidal anti-inflammatory drugs
(NSAIDs), colchicine, and in the absence
of improvement, oral or parenteral GCs at
a gradually reduced dose [11, 35-36]. The use
of NSAIDs and colchicine has been carried
over from acute gout treatment. In many pa-
tients, these drugs should be used with great
caution, keeping in mind that the vast majority
are elderly with multiple comorbidities. Short
courses of low-dose oral steroids are preferred
in patients with polyarticular CPPD. Low-dose
NSAIDs or colchicine (0.5-1 mg/day) can be
administered as a preventive measure in fre-
quent exacerbations of acute arthritis.

NSAIDs and/or colchicine (0.5-1 mg/day),
or low-dose GCs, can be used in chronic arthri-
tis [14].

If the above-mentioned drugs are inef-
fective, contraindicated or poorly tolerated,
an alternative form of therapy is the use of
methotrexate or hydroxychloroquine. How-
ever, studies have shown low efficacy of these
drugs. There are isolated reports on the use
of biologic drugs: anakinra and tocilizumab.
The use of these drugs may be considered in
patients for whom NSAIDs/colchicine/GCs
are ineffective [37-40]. Intra-articular admin-
istration of hyaluronic acid should be avoided
as it may induce acute arthritis. To date, the
effect of diet on the occurrence of CPPD has
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Table 2. Treatment of CPPD [7]

Conventional treatments

NSAIDs

Low-dose naproxen/indomethacin. Effective in CPPD exacerbations, reduces the risk of
exacerbations

GCs Effective only in CPPD exacerbations. Oral/intramuscular GCs are preferred in polyarthritis;
intra-articular GCs in mono- or oligoarthritis

Colchicine Effective in CPPD exacerbations in combination with NSAIDs. Beneficial in the prevention of
exacerbations

Alternative treatments

Methotrexate May be used in CPPD exacerbations if conventional treatment is ineffective/contraindicated.

Prevents CPPD exacerbations

Hydroxychloroquine

Effective in chronic arthropathies in the course of CPPD

IL-1 receptor antagonists

May be used in CPPD exacerbations if conventional treatment is ineffective/contraindicated.
Prevents CPPD exacerbations

Radiosynovectomy

Best treatment outcomes for hemophilia patients

Future treatments

CPP-inhibiting drugs Prevention of CPP formation

(e.g. probenecid)

CPPD — calcium pyrophosphate dihydrate deposition disease; CPP — calcium pyrophosphate crystals; GCs — glucocorticoids; IL-1 — interleukin 1;

NSAIDs — non-steroidal anti-inflammatory drugs

not been established. In the case of secondary
CPPD, treatment of the underlying condition
is necessary [2]. Table 2 presents the drugs
used in the treatment of CPPD [7].

DIFFERENTIAL DIAGNOSIS OF CPPD

The diverse clinical presentation of CPPD
requires extensive differential diagnosis.

Joint diseases associated with calcium py-
rophosphate crystals require differentiation
from gout (20% of CPPD patients have hyper-
uricemia), theumatoid arthritis (10% of CPPD
patients have a positive rheumatoid factor test),
inflammatory spondyloarthropathy, OA, or sep-
tic arthritis [2, 11, 14]. Synovial fluid testing for
the presence of CPP and X-ray/USG of the joints
are very helpful in the differential diagnosis [41].

PROGNOSIS AND COMPLICATIONS OF GPPD

Pyrophosphate arthropathy is a chron-
ic, self-limiting disease and the symptoms of

acute inflammation usually disappear after
a few days or weeks after the start of treatment.
Long-term prognosis depends on the number
of affected joints and the frequency and exacer-
bations, among other factors. Calcium pyroph-
osphate crystals can lead to the destruction of
joint surfaces. Multiple exacerbations of CPPD
promote the formation of palpable nodules
that resemble gout nodules [42].
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