
SCIENCE OF MEDICINE

64 | 109:1  | January/February 2012 | Missouri Medicine

 F   C  A   
C   D  
by Dedri Ivory, MD & Celso R. Velázquez, MD

Dedri Ivory, MD, is a Fellow, and Celso R. 
Velazquez, MD, is an Assistant Professor of 
Clinical Medicine.Both are at the University 
of Missouri School of Medicine, Division of 
Immunology and Rheumatology. 
Contact: velazquezc@health.missouri.edu

A
Calcium pyrophosphate 

crystals are related to a variety 

of articular manifestations 

known as calcium pyrophosphate 

deposition (CPPD) arthritis.  

Acute CPPD arthritis is 

commonly known as pseudogout, 

but there are many other 

presentations. Diverse endocrine 

and metabolic diseases may be 

related to CPPD arthritis. Septic 

arthritis is in the differential 

diagnosis of acute CPPD arthritis. 

The treatment options for CPPD 

arthritis include non-steroidal 

anti-infl ammatories and steroids.

I  
The most recognized 

crystalline arthritis is gout, caused 

by monosodium urate crystals, but 

other crystals cause musculoskeletal 

symptoms as well. For example, basic 

calcium phosphate crystals cause acute 

calcifi c tendinitis and the Milwaukee 

shoulder syndrome. More signifi cantly, 

calcium pyrophosphate crystals 

are related to a variety of articular 

manifestations known as calcium 

pyrophosphate deposition (CPPD) 

arthritis.  CPPD arthritis is very 

common and its incidence increases 

with age. Acute CPPD arthritis is 

known as pseudogout but there are 

other presentations less familiar to 

clinicians, including asymptomatic 

calcium pyrophosphate dihydrate 

crystal deposition in fi brocartilage and 

hyaline cartilage (chondrocalcinosis).1 

This review will focus on the different 

clinical manifestations, diagnosis, and 

treatment of CPPD arthritis. 

The most important risk factor 

for the development of CPPD arthritis 

is aging. Up to 36% of patients older 

than 75 years have radiographic 

evidence of CPPD deposition (mainly 

chondrocalcinosis).2  Male and 

female patients are affected equally. 

Osteoarthritis, joint trauma, and joint 

surgery are also risk factors.  

An important aspect of CPPD 

arthritis is its association with 

metabolic and endocrine disorders  

(See Table 1). There are clear 

associations with hemochromatosis, 

primary hyperparathyroidism, and 

hypomagnesemia but the pathogenic 

mechanisms remain obscure. Patients 

with these diseases have an increased 

risk of developing CPPD arthritis. 

Screening for these conditions should 

be considered in all patients but the 

yield is highest in young patients and 

in those with polyarticular disease.3  It 

is particularly important to evaluate 

for hemochromatosis because early 

treatment will prevent cirrhosis 

even though it will not reverse the 

arthritis. Other conditions thought to 

be related to CPPD arthritis but with 
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no proven association include hypothyroidism, gout, and 

Wilson’s disease. Familial forms of CPPD arthritis are rare 

and involve a mutation of a membrane protein involved in 

phosphorus transport. 

The precise mechanism of calcium pyrophosphate 

crystal deposition in cartilage is unknown. Shedding of 

these crystals into the joint may be caused by trauma, 

sepsis, or joint lavage. When the crystals are released they 

are taken up by phagocytic cells in the joint that release 

proinfl ammatory cytokines, and activate infl ammatory 

cells and cause leukocyte and mononuclear cell migration. 

Microtrauma and usual wear-and-tear degeneration may 

explain the high prevalence of CPPD arthritis in the elderly. 

C  M  
CPPD arthritis includes several distinct presentations 

(See Table 2). These differ in the number and pattern of 

joints affected and in the intensity of the infl ammation, 

ranging from acute CPPD arthritis (known as pseudogout) 

to asymptomatic radiographic fi ndings.4 

Pseudogout is characterized by acute arthritis usually 

of one joint. It may be precipitated by an injury, severe 

illness, or major surgery. The patient is often an adult male 

with severe joint pain and swelling that reaches maximum 

intensity within hours. The knee is most commonly affected 

but any joint may be involved, including the fi rst metatarsal 

joint (pseudopodagra.) The joint appears swollen, red, 

warm and tender and may have a large effusion. Fever is 

not uncommon. Acute CPPD arthritis usually resolves 

spontaneously in one or two weeks and leaves 

no residual swelling or deformity. Some patients 

develop pseudogout in multiple joints accompanied 

by fever and occasionally mental status changes, 

particularly in the elderly. 

Chronic polyarticular CPPD arthritis can 

mimic rheumatoid arthritis (pseudo-rheumatoid 

arthritis.) The typical patient is an elderly female 

with a several month history of pain and swelling 

in multiple joints. The wrists are characteristically 

affected with tenderness and synovial thickening 

(synovitis). This may result in decreased fl exion and 

extension. Bilateral shoulder and knee involvement are 

also common and may be accompanied by muscle atrophy 

in longstanding cases. Patients may have prominent 

infl ammatory symptoms of morning stiffness and fatigue, 

but fever is rare.  

Another form of CPPD arthritis occurs when 

multiple joints are affected but infl ammatory symptoms 

(such as morning stiffness) and infl ammatory signs 

(synovitis) are lacking. This condition has been named 

pseudo-osteoarthritis. It can produce slowly progressive 

joint degeneration which may be indistinguishable from 

osteoarthritis (OA), with bilateral involvement of many 

different joints including wrists, hips, knees, shoulders and 

elbows.

Asymptomatic arthritis is the fourth common form 

of CPPD arthritis. Most patients are diagnosed when 

radiographs reveal chondrocalcinosis or other typical 

fi ndings of CPPD arthritis. The prevalence of asymptomatic 

CPPD arthritis increases signifi cantly with age and may 

coexist with OA and other arthropathies. 

Less common forms of CPPD arthritis include 

pseudo-neuropathic joint disease with severe degenerative 

and destructive arthritis identical to that seen in diabetes 

and tabes dorsalis. Spinal involvement with calcium 

pyrophosphate deposition along the ligamentum fl avum may 

cause symptoms of cord compression. In rare cases joint 

aspiration reveals bloody fl uid (pseudo-hemarthrosis) or 

purulent material (pseudo-septic arthritis).

D
istory and hysical amina  on

The practitioner must keep in mind the diverse 

presentations of CPPD arthritis in order to diagnose it 

correctly. The history and physical examination are key 

and should focus on: which joints are involved, the onset 

and duration of symptoms and the presence of articular 

swelling, warmth, tenderness and effusion.5, 6 CPPD 

Table 1

Hypothyroidism Probable TSH and Free T4
Gout Possible Serum Uric acid

Table 2

Common
Pseudogout

Less Common
Pseudo-neuropathic arthropathy
Pseudo-hemarthrosis
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arthritis should be suspected in the following patient 

presentations: 

Acute mono- or oligoarthritis (pseudogout)

Chronic polyarthritis with synovial swelling in 

joints typically involved in rheumatoid arthritis 

(pseudo-rheumatoid arthritis)

Chronic pain of joints not commonly involved in 

OA (pseudo-osteoarthritis)

Laboratory Assessment
The erythrocyte sedimentation rate and the C-reactive 

protein level may be elevated in patients with pseudogout 

but do not distinguish CPPD arthritis from other causes of 

acute arthritis. Uric acid levels are normal, unless there is 

coexisting hyperuricemia and gouty arthritis. 

Associated metabolic and endocrine disorders 

are not commonly seen, screening may have a higher 

yield in patients who are young or have polyarticular 

disease. Calcium, phosphorus and magnesium levels and 

intact parathyroid hormone levels (PTHi) are adequate 

screening for endocrinopathies. Iron studies (serum 

ferritin, and transferrin saturation) will detect hereditary 

hemochromatosis.7

An acutely swollen joint is a medical emergency and 

aspiration must be performed urgently in order to rule out 

septic arthritis which can lead to rapid joint destruction 

if not treated. Aspiration and synovial fl uid analysis are 

essential to confi rm the diagnosis of CPPD arthritis and 

exclude other conditions such as gout and infection. In 

acute CPPD disease white blood cell counts typically range 

from 5000 to 25,000 cells/microL. Lower leukocyte counts 

are seen in patients with chronic polyarthritis, and very 

high counts (of up to 100,000 white blood cells/microL) 

are seen with pseudo-septic presentations. All patients with 

acute monoarthritis should have synovial fl uid gram stains 

and cultures performed to exclude infection. Crystals are 

often found in septic joint fl uid, and therefore do not rule 

out infection. In addition, synovial fl uid leukocyte counts 

are variable in patients with septic arthritis. A conservative 

rule of thumb suggests all synovial fl uids with over 2,000 

white blood cells/microL should be considered septic until 

proven otherwise.8

Crystal analysis with a polarizing microscope shows 

calcium pyrophosphate dihydrate crystals as rhomboidal 

and positively birefringent (in contrast to the needle-

shaped, negatively birefringent urate crystals of gout.)9 (See 

Figure 1). This analysis is performed in most commercial 

and institutional laboratories but even in the best of hands 

the results  may be false negative (too few crystals) or 

false positive (artifacts or debris may mimic the crystals.) 

Therefore, even if no crystals are identifi ed, CPPD arthritis 

is possible, especially in an elderly patient with typical 

clinical and radiographic fi ndings.    

Imaging Studies
Conventional radiographs demonstrate typical 

abnormalities in most patients with CPPD arthritis and are 

usually suffi cient to confi rm the clinical impression. The 

fi ndings in CPPD arthritis are similar to the fi ndings in 

primary OA with joint space narrowing, osteophytes and 

subchondral cysts, however there are differences.10  The 

most characteristic abnormality is chondrocalcinosis seen 

as a fi ne radio-opaque line (of calcium pyrophosphate 

dihydrate crystals) within the cartilage. (See Figure 2). 

In addition, CPPD arthritis characteristically affects 

joints that are not affected by primary OA including 

Figure 1
Crystal analysis with a 
polarizing microscope 
shows calcium 
pyrophosphate dihydrate 
crystals as rhomboidal 

birefringent (in contrast 
to the needle-shaped, 

urate crystals of gout.)
(c) 2012 American College 

Figure 2
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metacarpophalangeal, wrist, elbow, glenohumeral 

and patello-femoral joints. When a radiograph report 

describes osteoarthritis in those joints, CPPD arthritis 

must be suspected. Neither gout nor rheumatoid arthritis 

demonstrates chondrocalcinosis. Computed tomography 

and magnetic resonance imaging are not usually necessary. 

Criteria for diagnosis by ultrasound have been developed 

but are rarely used.11   

Di  eren  al Diagnosis
CPPD arthritis may present as acute monoarthritis, 

polyarticular or oligoarticular arthritis, neuropathic joint 

disease, or as an asymptomatic fi nding on radiographs. Its 

differential diagnosis can be extensive including trauma, 

bleeding, and infection as well as other crystal-associated 

diseases (e.g., gout), or other infl ammatory joint diseases. 

Acute monoarticular attacks of pseudogout are often 

misdiagnosed as gout. Patients with acute CPPD arthritis 

may not have the usual risk factors for hyperuricemia 

(obesity, hypertension, excessive alcohol intake) and may 

not have the family history common in gout. Tophi are not 

found with CPPD arthritis. Crystal fl uid analysis is defi nitive 

but does not exclude a septic joint. Therefore, a gram stain 

and cultures of joint fl uid and blood are necessary to rule 

out an infectious etiology.

Polyarticular or oligoarticular infl ammatory 

presentations can mimic rheumatoid arthritis (RA) 

and other infl ammatory joint diseases. A considerable 

proportion of healthy elderly individuals can have a positive 

rheumatoid factor (RF) complicating the diagnosis. Pseudo-

rheumatoid arthritis can lead to a diagnostic dilemma when 

joint infl ammation is symmetrical and when RF is present. 

High titers of RF with synovitis involving the hands and feet 

and characteristic radiographic erosions suggest true RA 

rather than pseudo-rheumatoid arthritis. The presence of 

anti-cyclic citrullinated peptide (anti-CCP) antibodies also 

suggests RA. 

Pseudo-osteoarthritis is another presentation of 

pseudogout which can be diffi cult to distinguish from 

primary or post-traumatic OA. CPPD crystal deposition 

is often associated with chondrocalcinosis and exuberant 

osteophyte formation on radiographs. CPPD should be 

considered when radiographic features of OA occur in 

joints not commonly affected in primary OA. Diagnosis 

can be diffi cult when the pattern of distribution of 

osteoarthritic changes is similar to that of typical 

OA. However, some distinctions can be made. In the 

knees for example, the medial compartment is more 

commonly involved in primary OA, resulting in varus 

changes. Pseudo-osteoarthritis is more likely to affect 

the lateral compartment, causing valgus changes. Isolated 

patellofemoral osteoarthritis is also a common presentation. 

It is important to remember, however, that CPPD arthritis 

and OA may coexist. 

Pseudo-neuropathic joint disease can resemble 

neuropathic arthropathy with characteristic joint 

destruction. Neuropathic arthropathy (Charcot joint) is 

commonly associated with diabetes mellitus, tabes dorsalis, 

syringomyelia, and spinal cord injuries. True neuropathic 

arthropathy has impaired pain sensation including 

vibration and proprioception. Patients with CPPD pseudo-

neuropathic joint disease have normal pain perception. 

This is an important distinction as patients with pseudo-

neuropathic joints are offered joint replacement while those 

with true neuropathic joints are not. 

Table 3

   
Oral Colchicine 0.6mg  twice daily  Diarrhea, abdominal pain

 triamcinolone acetonide 40-80mg
 mixed with 1 or 2 mL of 1% lidocaine. 

    osteoporosis, cataracts
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In patients with associated endocrine or 

metabolic disorders, such as hemochromatosis, 

hyperparathyroidism, or hypothyroidism, successful 

treatment of the underlying disorder has not resulted 

in reversal of cartilage calcification. In fact, new 

calcifications can develop in some individuals. 

Asymptomatic CPPD deposition is typically discovered 

when chondrocalcinosis is incidentally noted on 

radiographs. Specific treatment is not required. 

C
CPPD arthritis is very common and its incidence 

increases with age. The most common presentation is 

acute monoarthritis but patients may present mimicking 

OA and rheumatoid arthritis. Metabolic and endocrine 

disorders can be associated with CPPD arthritis. There 

are many treatment options for acute arthritis but no 

medications prevent calcium crystal deposition. 
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Treatment of CPPD disease includes treatment 

of acute attacks, prophylaxis against recurrent acute 

attacks, and management of chronic symptoms12 (See 

Table 3). This treatment includes both pharmacological 

and non-pharmacological options.  If a disease 

associated with CPPD deposition is present, specific 

therapy directed at the underlying disorder should be 

initiated although it usually does not reverse CPPD 

arthritis. 

Acute Management
Several approaches are available for the treatment 

of acute monoarticular pseudogout attacks and include 

removal of crystals by joint aspiration, administration 

of nonsteroidal anti-inflammatory drugs (NSAID) or 

colchicine, intra-articular injections of a glucocorticoid 

preparation, cold packs, and joint immobilization. 

When more than two joints are inflamed, joint 

injection is impractical. In this setting oral NSAIDs 

or oral colchicine are the preferred treatments. If 

NSAIDs or colchicine are contraindicated, systemic 

glucocorticoids can be given.

Prophylaxis against Recurrent Attacks
In patients suffering recurrent pseudogout attacks, 

colchicine may be effective as a prophylactic agent at 

a dosage of 0.6 mg twice daily. Prophylactic therapy 

may be indicated in patients with three or more 

attacks annually. If side-effects of abdominal distress 

or diarrhea occur, a reduction in dose to 0.6 mg once 

daily, or every other day, may be effective. Alternatively, 

oral NSAIDs with gastroprotective treatment can be 

tried. Both NSAIDs and colchicine should be used with 

caution in patients with renal insufficiency and liver 

disease. 

Chronic Disease Management
In contrast to gouty arthritis, no therapy is 

available to prevent the deposition of calcium 

pyrophosphate crystals or to remove the calcium 

pyrophosphate deposits already present. Patients with 

chronic arthropathy from CPPD in the form of pseudo-

osteoarthritis or pseudo-rheumatoid pattern are 

managed with physical therapy, analgesics or NSAIDs. 

Some individuals with persistent chronic inflammation 

may benefit from low dose corticosteroids, 

methotrexate or hydroxychloroquine. MM




