Reumatismo, 2011; 63 (4): 246-252

REVIEW

Calcium pyrophosphate deposition
disease: clinical manifestations

C. Ferrone, R. Andracco, M.A. Cimmino
Clinica Reumatologica, Dipartimento di Medicina Interna, Universita di Genova, Italy

SUMMARY
Calcium pyrophosphate deposition (CPPD) disease is an arthropathy caused by calcium pyrophosphate
dihydrate (CPP) crystal deposits in articular tissues, most commonly fibrocartilage and hyaline cartilage. Ac-
cording to EULAR, four different clinical presentations can be observed:
1) asymptomatic CPPD;
2) osteoarthritis (OA) with CPPD;
3) acute CPP crystal arthritis;
4) chronic CPP inflammatory crystal arthritis.
Acute CPP crystal arthritis is characterized by sudden onset of pain, swelling and tenderness with overly-
ing erythema, usually in a large joint, most often the knee, wrist, shoulder, and hip. Occasionally, ligaments,
tendons, bursae, bone and the spine can be involved. CPPD of the atlanto-occipital joint (crowned dens syn-
drome) can cause periodic acute cervico-occipital pain with fever, neck stiffness and laboratory inflammatory
syndrome. Chronic inflammatory arthritis is characterized by joint swelling, morning stiffness, pain, and high
ESR and CRP. The relationship between OA and CPPD is still unclear. The main problem is whether such
crystals are directly involved in the pathogenesis of OA or if they are the result of joint degeneration. Diagnosis
is based on evaluation of history and clinical features, conventional radiology, and synovial fluid examination.
Non-polarized light microscopy should be used initially to screen for CPPD crystals based upon their charac-
teristic morphology, and compensated polarized light microscopy, showing the crystals to be weakly positive
birefringent, is recommended for definitive identification, although this last pattern only occurs in about 20%
of samples. The main goals of CPPD therapy are control of the acute or chronic inflammatory reaction and
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prevention of further episodes.
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H DEFINITION

alcium  pyrophosphate  deposition

(CPPD) disease is an arthropathy
caused by calcium pyrophosphate dihy-
drate (CPP) crystal deposits in articular
tissues, most commonly fibrocartilage and
hyaline cartilage (1, 2). Risk factors in-
clude aging, osteoarthritis (OA), previous
joint trauma/injury, metabolic disease and
familial predisposition. The importance
of CPP-associated arthritis is also related
to its frequency, being the third most com-
mon form of inflammatory arthritis (3).
CPP formation occurs almost exclusively
in the articular and periarticular tissue, usu-
ally near the surface of chondrocytes. Fi-
brocartilage, hyaline cartilage, synovium,
joint capsule and ligaments are frequently
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affected. CPPD is generally a disease of
the elderly, often categorized into sporadic,
familial and secondary varieties, including
hyperparathyroidism, hemochromatosis,
and hypomagnesemia (4).

There are two familial forms of CPPD
crystal deposition disease: the first one
is a relatively benign form characterized
by polyarticular distribution, including
the knee, wrist, shoulder, elbow, hip and
ankle, with recurrent episodes of acute
CCP crystal arthritis without chronic de-
forming arthropathy. This form occurs in
people under 50 years of age. The second
form occurs in patients aged over 50 years
and is more destructive, with oligoarthri-
tis involving knees, wrists, shoulders, and
hips as well as deforming and progressive
OA.
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H CLINICAL FINDINGS

According to the recent EULAR recom-
mendations for CPPD (1), four different
clinical presentations can be observed:

o Asymptomatic CPPD: this is CPPD
with no apparent clinical correlates, also
called lanthanic variant. It may consist of
an isolated cartilage calcification (CC),
or OA with CC without CPPD symp-
toms. Radiological CC is not always
due to CPP deposition (5) and is often
an incidental finding following imaging
for other reasons. The prevalence of ra-
diographic CC in the general population
varies between 10 to 15% in those aged
65 to 75 years, and increases to more
than 40% in subjects aged over 80 years
(6,7). In most of these older individuals,
concomitant OA is present and it is often
not easy to understand the clinical impli-
cations of these findings.

OA with CPPD: CPPD can be found
by imaging techniques (conventional
radiography, computed tomography,
or ultrasonography) or by histological
examination in a joint that also shows
changes in OA. Differentiating between
this condition and asymptomatic CC in a
joint with pre-existing OA is obviously
very difficult and should rely on the co-
existence of CPPD and OA symptoms in
the former.

Acute CPP crystal arthritis:  better
known by the old term of pseudogout,
is an acute onset, self-limiting synovitis
triggered by CPP crystals. Characteristic
features are the rapid development of se-
vere joint pain, swelling and tenderness
that reaches its maximum within 6-24 h
and lasts for 7-10 days. The pain is acute,
very intense but self-limiting. In the at-
tack, arthritis can be mono or polyarticu-
lar, migratory or additive, monolateral
or bilateral. It is a major cause of acute
monoarticular arthritis in the elderly.
Chronic CPP crystal inflammatory ar-
thritis: chronic inflammatory arthritis
associated with CPPD, oligoarticular or
polyarticular, often resembling seronega-
tive rheumatoid arthritis (RA). This form
may present as destructive arthropathy; it
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can be more or less destructive than pri-

mary, erosive OA.
Acute CPP crystal arthritis is character-
ized by acute onset of pain, swelling and
tenderness with overlying erythema. The
attacks usually involve a large joint, most
often the knee, wrist, shoulder, and hip.
The small joints of the hand can be also
involved. Because CPPD can theoretically
affect every joint, also uncommon loca-
tions of acute CPP crystal arthritis, such
as the acromion-clavicular (8) and tem-
poro-mandibular joints (9) have been de-
scribed. Acute attacks of CPPD can occur
in periarticular structures like ligaments,
tendons, bursae and also in bone (10).
The axial skeleton can be occasionally in-
volved with CPP deposits in the interverte-
bral disks, posterior longitudinal ligament,
facet joints, ligamentum flavum, and sac-
roiliac joints that correspond radiographi-
cally to linear calcification and, some-
times, to spinal ankylosis (11). Calcified
deposits in the ligamentum flavum, facet
joints, lateral masses, and posterior longi-
tudinal and atlanto-occipital ligaments can
remain asymptomatic or can be associ-
ated with periodic acute cervico-occipital
pain with fever, neck stiffness and labora-
tory inflammatory syndrome. Therefore,
CPPD of the atlanto-occipital joint should
be considered among the differential diag-
noses when acute episodical pain occurs at
the base of the skull. This clinical entity,
named crowned dens syndrome from the
characteristic CT appearance (see chapter
on imaging), should be differentiated from
meningitis, spondylosis, and polymyalgia
rheumatica. It occured, when investigated
by CT, in 51% of 49 patients with CPPD
(12). The eye is another unusual site for
CPPD crystal deposition as described in a
woman with the Gitelman variant of hy-
pomagnesemia (13). Patients with CPPD
disease may present with episodes of he-
marthrosis, often after a trauma to the knee.
In fact, the attack may be precipitated by
trauma or it may occur after surgery. In ad-
dition, also other conditions have been ob-
served to precipitate acute attacks, such as
serious medical illnesses like pneumonia,
strokes, and myocardial infarction.
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Pregnancy, arthroscopic surgery, the use of
parenteral pamidronate, granulocyte col-
ony stimulating factor, and intra-articular
injections with sodium hyaluronate have
been associated with acute arthritis flares
(2). Bisphosphonates are non-hydrolys-
able PPi analogs and cartilage supersatu-
ration with PPi is crucial to the pathogen-
esis of CPPD (14). The mechanism of the
rare association between bisphosphonates
infusion and acute crystal arthritis is not
known, although it can be hypothesized
that these drugs could interfere with PPi
catabolism in the articular cartilage or with
the dissolution of CPP crystals by alkaline
phosphatase. In our experience, this side
effect of bisphosphonates does not neces-
sarily recur with subsequent administra-
tions of the same drug, suggesting that oth-
er unknown causes might be at work. Intra-
articular injections of hyaluronic acid can
rarely cause acute synovitis. It has been
reported that, occasionally, acute CPPD
arthritis can be triggered by these com-
pounds (15,16). This process is probably
secondary to acute neutrophilic inflamma-
tion and disruption of the cartilage matrix
integrity with the subsequent release of
CPP crystals. Alternatively, preparations
of hyaluronan, which contain phosphates
that could induce a local drop in joint fluid
calcium, might facilitate crystal shedding.
It has not been proven that hyaluronan
preparations can trigger the formation of
new crystals.

Occasionally, fever may be a prominent
manifestation of CPPD, but also other
systemic features, such as confusion, diso-
rientation, nuchal rigidity, and leukocyto-
sis, have been reported in individual cases.
CPPD is rare under the age of 50 years, and
when it occurs, familial CPPD should be
suspected. The incidence of CCP crystal
arthritis increases dramatically with age,
being the most common cause of inflam-
matory arthritis in the elderly. Clinical
features, although suggestive for this diag-
nosis, are not diagnostic per se and require
further proof, including demonstration of
crystals in the synovial fluid, radiological
evidence of CC, and prompt response to
colchicine. The latter increases the likeli-

hood of the diagnosis but are of course
not conclusive. It can happen that synovial
fluid samples aspirated from joints with
radiographic CC are negative for crystals
at microscopy, but the extent of this phe-
nomenon and its causes are poorly under-
stood. Differential diagnosis includes, as
expected, gout, but also septic arthritis and
other forms of acute monoarthritis, such as
psoriatic or Lyme arthritis.

Chronic inflammatory arthritis is charac-
terized by chronic oligoarthritis or insidi-
ous polyarthritis with joint swelling, morn-
ing stiffness, pain, and high sedimentation
rate and CRP. The differential diagnosis
includes RA (pseudo-rheumatoid arthritis)
and all the forms of chronic arthritis of the
elderly. When the shoulders are involved,
also polymyalgia rheumatica should be
considered in the differential diagnosis
(17). Based on clinical assessment, patients
with CPPD who presented with symptoms
mimicking polymyalgia rheumatica tended
to be older than those with polymyalgia
rheumatica and had more tibio-femoral
OA, more frequent tendon calcifications
and a higher prevalence of ankle arthritis.
However, the features of these 2 patient
populations are largely overlapping and
differential diagnosis remains problematic.
The relationship between OA and the vari-
ous types of calcium crystals is still unclear.
The main problem is whether such crystals
are directly involved in the pathogenesis
of OA, or if they are merely a byproduct
of joint degeneration. Some investigators
believe that OA with secondary CC is a
distinct entity from idiopathic CPPD. This
distinction is supported by differences in
the biochemical profile of enzyme activi-
ties involved in ATP and PPi metabolism
in the joints of elderly patients with idi-
opathic CPPD and OA. An over-exuberant
TGFp-driven repair response to a primary
joint damage induced by OA, with in-
creased PPi production as a manifestation
of the reparative chondrocyte phenotype,
could be at work. It is not clear whether
CPPD is primary to cartilage degeneration
or whether OA precedes CPPD. A recent
study has analyzed the association between
CC and OA in a community-based popu-
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lation (18). Randomly selected individuals
older than 60 years were radiologically as-
sessed for OA and CC of the knees. Radio-
logical changes in OA were more common
in subjects with CC than in those without.
Interestingly, OA was also more common
in the hands of individuals with CC. The
association between CC and OA reached
statistical significance in the lateral tibial
femoral compartment and the first three,
left metacarpophalangeal (MCP) joints in
this study. The MCP joints are a less com-
mon localization for primary OA than the
proximal and distal interphalangeal joints,
a fact suggesting that in this study there
was increased CPPD in the MCP joints,
even without clear radiological CC. It has
been hypothesized that idiopathic CPPD of
aging may be a distinct age-related disease
from OA, perhaps related in part to differ-
ences in subchondral bone structure. In ad-
dition, also unusual joints can be involved
when CPPD and OA occur simultaneously.
The involvement of the scaphoid-trapezi-
um joint has been advocated as predictor
of CPPD in patients with or without hand
OA (19). Scaphoid-trapezium joint OA
was more severe in patients with CPPD and
its presence conferred an increased risk of
CPPD diagnosed by the identification of
radiological CC and positive synovial fluid
examination (odds ratio 13.8, 95% CI 3.4-
59.8). As a result, OA is more severe and
occurs in unusual locations when concomi-
tant CPPD is present (20). OA associated
with CPPD is also relatively frequent in
the elbows and shoulders, joints which are
rarely affected in primary OA. Conversely,
the presence of radiographic CC does not
influence the MRI-evaluated progression
of knee OA over 30 months. (21)

CPPD may also present as pseudoneuro-
pathic arthropathy. Analysis of knee radio-
graphs of 200 patients with CPPD disease
identified 9 patients with radiographic
findings simulating idiophatic osteonecro-
sis of the knee (22). Radiographic chang-
es included flattening of the medial, and
less commonly the lateral, femoral con-
dyles, and areas of subchondral lucency
surrounded by bony sclerosis. The bony
changes were considered secondary to
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CPPD-mediated damage of articular carti-
lage and menisci, leading to stress fracture
and collapse of the subchondral bone.

H DIAGNOSIS

Diagnosis is based on evaluation of his-
tory and clinical features, conventional
radiology, and synovial fluid examination.
As reported above, the interpretation of
clinical features is not always simple due
to the multifaceted presentation of CPPD.
Imaging of CPPD is discussed elsewhere
in this issue of Reumatismo. Synovial flu-
id aspiration and examination for crystals
is the gold standard for diagnosis. This is
primarily based upon microscopic demon-
stration of CPP crystal deposits in synovial
effusions. Fresh synovial fluid should be
examined after centrifugation, to increase
the concentration of CPP crystals. These
are 1-20 pm long and can be visualized
under regular microscopy as square or rec-
tangular structures which are found free
in the synovial fluid or ingested by mac-
rophages.

CPP crystals are pleomorphic with rhom-
boid, rectangular, acicular, and rod shaped
forms. When examined by compensated
polarized light microscopy, the crystals
may show a weak positive birefringence
(3). Because of this only weak birefrin-
gence, which probably occurs only in a
minority of the crystals, many laborato-
ries may miss CPP crystals using polar-
ized light microscopy, emphasizing the
importance for an observer experienced
in crystal identification to examine the
fluid. Examination of 10 synovial fluids
from patients with acute knee CPPD by 2
experienced observers showed that only
about 20% of all CPPD crystals identified
by ordinary non-polarized light micros-
copy were birefringent when examined
by uncompensated polarized light micro-
scopy (23). It is, therefore, possible that
some CPPD crystals may be missed if a
search for these crystals in synovial effu-
sions is only conducted under polarized
light microscopy. In fact, poor inter-lab-
oratory reproducibility and inter-observer

Reumatismo 4/2011

249



C. Ferrone, R. Andracco, M.A. Cimmino

REVIEW‘

250

Reumatismo 4/2011

agreement have been reported. In a typi-
cal clinical setting; synovial fluid analy-
sis has 12% sensitivity in the detection of
CPP crystals (24). When readers received
intensive training, sensitivity for detect-
ing the presence of CPP and monosodium
urate (MSU) crystals increased to 95%
and specificity to 86%. The trainees were,
however, better at identifying MSU than
CPP crystals. Unfortunately, none of the
examined fluids in this study contained
corticosteroid or cholesterol crystals,
which can be misidentified as CPP crys-
tals. False-negative rates in identifying
CPPD crystals are particularly high (25).
Although non-polarized light microsco-
py should be used initially to screen for
CPPD crystals based upon their character-
istic morphology, compensated polarized
light microscopy showing the crystals to
be weakly positive birefringent is recom-
mended for definitive CPPD crystal iden-
tification. Occasionally, infection or other
crystals, such as MSU or basic calcium
phosphate, may coexist with CPP.
Differential diagnosis with MSU crystals is
usually easy because of the different form
and the opposite birefringence. Differentia-
tion from crystals of long-acting glucocor-
ticoids injected in the joint to treat synovi-
tis is more difficult Occasionally, diagnosis
may be made after arthroscopy for acute or
chronic knee joint involvement. Deposi-
tion of linear or punctate white material in
the articular cartilage or meniscal fibrocar-
tilage can be observed (26). In a few oc-
casions, despite negative radiographs and
crystal search in synovial fluid aspirates,
CPP crystals could be demonstrated by
arthroscopic visualization and confirmed
by microscopic evaluation of joint lavage
fluids (27).

It can be hypothesized that, in these pa-
tients, sparse crystalline material is more or
less tightly adherent to the synovial mem-
brane and is detached from it by the pres-
sure of the irrigating fluid. Previous studies
of gout patients demonstrated the presence
of MSU crystals in synovial fluids from
uninflamed joints between clinical attacks.
In parallel to their studies in gout, Mar-
tinez-Sanchis and Pascual (28) examined

uninflamed joints for the presence of syno-
vial fluid CPP crystals. They also studied
the significance of intracellular versus
extracellular crystals, and the correlation
between pain and the intracellular location
of CPPD crystals, or the number of inflam-
matory cells. Of the 79 patients studied, 52
had pain in the affected knee. About 50%
had acute CPP attacks in the past. The syn-
ovial fluid analysis revealed a mean white
cell count of 301 cells/ul, of which 83%
were mononuclear cells and 17% poly-
morphonuclear leukocytes. Twenty-four
percent of the fluids contained crystals.
Typically, CPPD crystals were seen inside
mononuclear cells. Interestingly, the pres-
ence of intracellular crystals did not corre-
late with pain, and cell counts were only
slightly higher in the pain compared to the
no-pain group.

H TREATMENT

Due to the variable manifestations of CPPD,
differentiated therapeutic approaches are
necessary. It is especially important to
share with the patient the mechanisms that
could be involved in his/her disease and the
resulting treatment strategies. Asympto-
matic CC does not require any treatment,
being usually an age-related feature of
the normal population (29). The manage-
ment of CPPD, which has been recently
reviewed in the EULAR recommendations
(30), is similar to that of gout (see the rel-
evant chapter in this issue of Reumatismo),
with the main goals of therapy being con-
trol of the acute or chronic inflammatory
reaction, characterized by intense pain,
and prevention of further episodes. Rest of
the inflamed joint, colchicine, systemic or
intra-articular glucocorticoid preparations,
and NSAIDs, are the mainstay of therapy
of the acute attacks. NSAIDs are effective
in acute CPP crystal arthritis but should be
used with caution because of the increased
risk for renal and gastrointestinal toxicity
in elderly patients. At the doses that have
been recently confirmed to be effective in
the control of the gouty acute attack (0.5
mg to 1 mg daily) (31), colchicine is ef-
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fective and safe in most of the patients. At
the same or lower doses of 0.5 mg once
daily or on alternate days, it can be helpful
in preventing further attacks (32). NSAIDs
and colchicine should be preferred to an-
algesics in OA patients with evidence of
associated CPPD. Because many attacks
are short-lived, complete aspiration of the
joint may be sufficient to significantly re-
lieve pain and discomfort in some patients.
Intra-articular injections of long-acting
glucocorticoids are particularly effective,
although there have been no controlled
studies. In difficult joints, ultrasound-guid-
ed injections increase the probability of
reaching the target and reduce the risk of
injection-related side effects. In contrast to
gout, there is currently no treatment to re-
duce the formation of the causative crystals
in CPPD. In vitro studies, however, have
shown that magnesium can solubilize CPP
crystals and inhibit their nucleation and

growth (33).
For those who have chronic pain and in-
flammation, physiotherapy, analgesics,

colchicine, and NSAIDs are alternatives
for management. For patients who have
chronic pseudorheumatoid CPPD disease,
hydroxychloroquine at dosages of 200-400
mg daily has been shown to be superior to
placebo in one small controlled study (34).
Similarly, also methotrexate at low doses
of 5-10 mg weekly has been used in the
long-term treatment of a few patients af-
fected by pseudo-rheumatoid CPPD (35)
with excellent results. This drug could
represent a useful alternative in the patient
resistant to or non-tolerant colchicine. It is
important to remember that all the above
reported treatments are based on anecdotal
cases or small series of patients (type IIb
evidence); a surprising observation given
the high prevalence of CPPD.

H CONCLUSIONS

In contrast with the fact that CPPD is a
diffused and apparently well-known con-
dition, the data summarized in this review
emphasizes the need for more research in
this field. In particular, the relationship be-
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tween CPP deposition in articular and peri-
articular structures and clinical features,
the optimal synovial fluid examination pro-
tocol, and the need for large treatment trials
must be addressed in the future.
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