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Abstract

Calcium pyrophosphate deposition disease (CPPD) is a common and clinically heterogeneous
form of arthritis caused by the deposition of calcium pyrophosphate (CPP) crystals in articular
tissues. The diagnosis of CPPD is supported by the presence of radiographic chondrocalcinosis;
yet, conventional radiography detects only about 40 % of clinically important CPPD. Here, we
critically review the recent literature on imaging in CPPD. New studies inform our use of
conventional radiographic screening methodologies for CPPD and provide additional evidence for
the utility of diagnostic ultrasound. Recent work also highlights the polyarticular nature of CPPD,
its association with tissue damage, and the high prevalence of tendon involvement. While dual
energy CT and diffraction-enhanced synchrotron imaging remain research tools, they present
potential avenues for improved visualization of CPP deposits. Advances in imaging in CPPD will
increase diagnostic accuracy and eventually result in better management of this common form of
arthritis.
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Introduction

Calcium pyrophosphate deposition disease (CPPD) is caused by the deposition of calcium
pyrophosphate (CPP) crystals in and around articular tissues. It comprises a heterogeneous
group of clinical syndromes which range from an acute inflammatory mono-articular
arthritis, previously known as pseudogout, to a group of chronic polyarticular degenerative
processes with or without features of inflammation. CPPD can be hereditary or sporadic.
While advanced age is the major risk factor for sporadic CPPD, a handful of metabolic
diseases including hemochromatosis, hyperparathyroidism, hypomagnesemia, and
hypophosphatasia are associated with an increased prevalence of CPPD.
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CPPD is under-recognized and under-studied. There are few population-based studies of its
prevalence, but conservative estimates suggest that CPPD affects up to 10 million
Americans. For example, 25-30 % percent of knee specimens harvested at the time of
surgery for a diagnosis of knee osteoarthritis (OA) contain CPP crystals [1-3]. Because of its
clinical heterogeneity, as well as the propensity of CPPD to complicate other types of
arthritis such as OA and even rheumatoid arthritis [4], rapid and accurate diagnosis can
prevent unnecessary treatment when the diagnosis of CPPD is uncertain.

In the only proposed set of diagnostic criteria, the gold standard for CPPD diagnosis is
chemical or structural validation of the presence of articular CPP crystals with Fourier
transform infrared (FTIR) spectroscopy or x-ray diffraction [5]. These expensive research
tools are not commonly used in the clinical evaluation of patients, and most clinicians rely
on two clinical tests to diagnose CPPD. The first and most specific test is visualization of
weakly birefringent rhomboid CPPD crystals in synovial fluid aspirates from the affected
joint. Unfortunately, reliance on morphologic crystal identification is risky as crystals may
not always be seen in a single synovial sample and the smallest and most inflammatory
crystals can be easily missed [6]. Observation of the linear calcification in cartilage known
as chondrocalcinosis on x-ray is often used to confirm the diagnosis of CPPD. However, it is
neither highly sensitive nor specific for this diagnosis [7]. Because issues of sensitivity and
specificity plague both commonly used diagnostic tests in CPPD, new, more accurate testing
modalities are clearly needed. In this review, we critically assess the recent literature on
imaging in CPPD with the hope that newer techniques will contribute to our ability to
reliably diagnose CPPD and eventually to improve our management of this common disease.

Conventional Radiography

Chondrocalcinosis is a radiographic finding that correlates with the deposition of calcium-
containing crystals in articular cartilage. It appears as punctate and linear densities in hyaline
and/or fibrocartilage (Fig. 1). Typical locations include the triangular cartilage of the wrist,
the fibrocartilage of the pubic symphysis, and the meniscus of the knee. While fibrocartilage
may be preferentially involved, similar deposits in the mid-zone of articular cartilage are
not-uncommon and follow the contour of the articular surface. Used in accordance with the
Ryan-McCarty diagnostic criteria, the presence of chondrocalcinosis along with the
observation of positively birefringent crystals in synovial fluid establishes a definite
diagnosis of CPPD [5].

Original work demonstrating the pattern of chondrocalcinosis in CPPD patients resulted in
radiologic screening recommendations that include x-rays of the hands, pelvis, and knees
[8]. Abishek et al. recently investigated the pattern of chondrocalcinosis in an established
cross-sectional cohort of 3170 individuals [9¢]. The cohort included participants in the
Genetics of Osteoarthritis and Lifestyle (GOAL) study of whom 1/3 had clinically severe hip
OA, 1/3 had clinically severe knee OA, and 1/3 had no OA. Chondrocalcinosis was assessed
on films of the knees (semiflexed and patellar sunrise view), supine pelvis, and AP hands.
The mean age of the participants was 66 years old and 48.5 % were women. The prevalence
of chondrocalcinosis in this cohort was 13.7 %. As previously demonstrated, the knee was
the most common site of chondrocalcinosis. However, between 33 and 45.9 % of
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participants had evidence of chondrocalcinosis at a location other than the knee and no knee
involvement. The wrist was the most commonly involved joint in this subgroup followed by
the hips and symphysis pubis. The high prevalence of hip chondrocalcinosis may have been
influenced by the selection of patients with known hip OA. Knee chondrocalcinosis was
more common in the lateral than the medial compartments. The age of the patient did not
correlate with the location of the chondrocalcinosis in hyaline compared to fibrocartilage.
The generalizability of these observations is limited by the high frequency of hip OA in this
cohort and the potential for reduced detection of chondrocalcinosis with severe OA. The
semiflexed positioning of the knee radiographs may also reduce the ability to detect
chondrocalcinosis. Nonetheless, this relatively large cohort study reinforces the validity of
the current radiographic screening recommendations and the distribution and polyarticular
nature of this disease.

Several recent studies support the utility of commonly performed imaging studies to detect
chondrocalcinosis at uncommon sites. The frequent use of PA and lateral chest x-rays in
clinical practice renders them particularly attractive as a screening tool for detecting CPPD
in thoracic joints. Parperis et al. recently examined the prevalence of chondrocalcinosis of
the acromioclavicular joint in 1920 consecutive outpatient chest radiographs performed on
patients over the age of 50 [10]. Using magnified digital picture archiving and
communication system (PACS) imaging, they demonstrated that 19 (1.1 %) had
acromioclavicular joint chondrocalcinosis. These findings suggest that careful re-
examinations of chest radiographs using PACS imaging could support a diagnosis of CPPD.

Other radiographic findings have been well described in CPPD and are used as clues to
differentiate CPPD from OA, particularly in the absence of chondrocalcinosis. The
distribution of joint involvement in CPPD is different from OA and more frequently involves
glenohumeral joints, wrists and second and third metacarpophalangeal joints. Other
radiographic findings associated with CPPD include large subchondral cysts or geodes and
variable osteophyte formation. Severe joint destruction is also often noted. Tendon
calcifications are also important clues to the presence of CPPD. These appear as thin linear
bands along the tendons’ length. In older studies by Yang et al. [11], tendon calcification
around the knee was never present without adjacent chondrocalcinosis and involved the
gastrocnemius tendon in 28 % and the quadriceps in 8.4 % of x-rays. Perreira et al. reviewed
the prevalence and pattern of tendon calcification in patients with knee chondrocalcinosis
and found involvement of Achilles, gastrocnemius, and/or quadriceps tendons in 21-25 % of
radiographs [12]. Less commonly observed were involvement of the triceps tendon near the
elbow, the rotator cuff, and the long head of the triceps at the shoulder. Recently, Dirim et al.
found a high rate of cruciate ligament calcification in knees affected by CPPD, but the
sample size was too small to estimate prevalence [13].

CT Scanning

CT scanning has high sensitivity and specificity for detection of calcific deposits in cartilage
and soft tissue. This was recently confirmed in a small study by Misra et al. showing that
CPPD affects multiple tissues in the knee [14]. Unfortunately, it is not commonly used to
image painful joints and requires relatively high radiation doses compared to other imaging
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techniques. CT scanning improves the visibility of joints typically obscured by soft tissues
and facilitates views of small or fibrocartilagenous joints.

Shirazian et al. recently studied 209 triage and emergency room head and cervical spine
CTscans performed after trauma to determine the prevalence of chondrocalcinosis in the
sternoclavicular joint [15]. All ages were included. They found that 36 (22 women and 14
men) had chondrocalcinosis of the sternoclavicular joint defined by linear, curvilinear, or
discrete mottled foci of high attenuating material. Bilateral involvement was seen in 27/36
patients. Sternoclavicular chondrocalcinosis was associated with age, OA of the
sternoclavicular joint, and the presence of atlantoaxial chondrocalcinosis. A similar
retrospective analysis of 513 cervical spine CT scans in an adult trauma population
determined the prevalence of atlantoaxial chondrocalcinosis [16¢]. Chang et al. found a
prevalence of chondrocalcinosis in the atlantoaxial area of 12.5 % overall. This rose to 34 %
in patients over age 60, and 49 % in patients over the age of 80. Interestingly, a similar study
done 18 years prior to this one noted only 8.8 % prevalence of chondrocalcinosis in patients
over age 60, suggesting that advances in CT technology may improve its sensitivity. Chang
et al. also found an increased prevalence of retro-odontoid thickening in patients with
atlantoaxial chondrocalcinosis. This finding supports the inclusion of CPP deposition in the
differential diagnosis of retro-odontoid space expansion. A recent case collection of 18 cases
of crowned dens syndrome confirmed the utility of the CT scan to detect atlantoaxial
chondrocalcinosis and also identified co-incident calcification of the cruciform ligament
[17].

High resolution CT scanning was recently used to carefully characterize the pattern of CPP
crystal deposition in joints ex vivo. Touraine et al. performed high resolution CT scanning in
cadaveric knee joints of 68 patients with a mean age of 84 years [18]. In the absence of
known clinical history, 34 % had calcification of the menisci and 21 % had calcification of
the hyaline cartilage. The presence of calcification in one compartment was highly
associated with involvement of another, and there was a good correlation between
calcification of the hyaline articular cartilage and meniscal calcification. These detailed
studies also highlighted the high prevalence of tibiofibular joint involvement in CPPD.
Calcifications of the hyaline cartilage, but not fibrocartilage, correlated with CT-detected
cartilage damage. A larger study of 608 cadaver knees from Japan employed histopathologic
techniques to evaluate cartilage damage [19] and confirmed crystal identity using FTIR
spectroscopy. They demonstrated a clear correlation between the presence of CPP crystals
and the depth of cartilage degeneration at the femoro-tibial joint, supporting the notion that
crystal deposition is associated with cartilage loss.

While CTs scanning was first introduced in the 1960s, the more recent advent of dual source
imaging allowed for scanning at two different energy spectrums and resulted in the
development of dual energy CT (DECT). This technique has been particularly useful for
imaging calcified tissues. It can subtract bone from angiogram images, detect calcification in
atherosclerotic plaques, and because it can distinguish variations in the spectral properties of
calcium oxalate compared to urate, it is capable of determining the likely chemical
composition of a kidney stone. Incredibly detailed 3-dimensional images of gouty tophi in
and around joints have been described [20]. In one recent case study, DECT was used to
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MRI

Ultrasound

differentiate articular monosodium urate (MSU) from CPP deposits [21]. In the single
patient described, crystal analysis of the affected joint revealed CPP crystals under
polarizing light microscopy. The authors suggest that DECT scanning could be useful when
conventional radiographs are difficult to interpret or when crystals cannot be examined.
Diekhoff et al. used single source DECT to differentiate between urate and CPP crystals in
synthetic tissue [22]. Using a model composed of a phantom hand, the investigators placed
synthetic MSU and CPP crystals in ultrasound gel and measured imaging parameters using
DECT. They were able to detect a lower concentration of CPP crystals than MSU crystals
and to clearly differentiate between them using blinded observers. However, the expense,
availability, and clinical accuracy of this technology will need to be addressed before it
becomes a useful clinical tool.

Historically, MRI has had little utility in imaging CPPD. Calcifications are not well
visualized in articular tissues by MRI. Its use as an imaging modality in conditions
associated with soft tissue CPP deposition (tophaceous CPPD) often results in misdiagnosis
[23]. Its insensitivity for detecting calcium-containing crystals in cartilage has been recently
reinforced by the work of Dirim et al. who showed that examination of SE T1 sequences on
a 1.5 T MRI missed 75 % of CPPD deposition in cadaveric knees [13]. While there is some
evidence that spoiled gradient 4-T techniques may be superior to others for imaging of
CPPD [24], further work on new MR-based techniques is necessary before MRI can be
recommended as a useful tool to diagnose CPPD.

The burgeoning availability and experience with diagnostic ultrasound in clinical
rheumatology provides increasing evidence for its utility in diagnosing CPPD. In 2005,
Frediani et al. described several pathologic patterns in ultrasound images from patients with
crystal-proven CPPD [25]. These included thin hyperechoic bands parallel to the surface of
articular cartilage, which likely represent chondrocalcinosis of the hyaline cartilage. A
second pattern involved punctate hyperechoic bands in regions of fibrocartilage, which
correlate with chondrocalcinosis in the fibrocartilage. The least commonly observed finding
was homogeneous hyperechoic nodular or oval deposits in the joint space or bursa likely
representing free crystal aggregates. The same group of investigators recently published a
study using these ultrasonographic patterns to determine the presence of calcific deposits in
42 well-characterized CPPD patients [26¢]. They examined metacarpophalangeal joints,
knees, wrists, Achilles tendons, and plantar fascia using both a dichotomous score for the
presence of ultrasonographic CPPD as well as a quantitative scoring system to assess the
size of the deposits. They found a mean number of 4.7 sites affected (SD+1.7, range 2-8)
per patient. The knee was most commonly affected and had the highest burden of
calcification followed by the wrist, Achilles tendon, plantar fascia, and metacarpophalangeal
joints. This high-quality study reinforces the common polyarticular nature of CPPD as well
as the frequent involvement of tendons and fascia. The common occurrence of soft tissue
CPP deposition is further supported by the recent study of Filippucci et al., who examined
the prevalence of ultrasonographic abnormalities in shoulders of 39 gout patients, 43 CPPD
patients, and 3 with mixed crystal disease [27]. In this cohort, 30 % had painful shoulders,
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while 42 % of the shoulders were clinically normal. The remaining shoulder exams revealed
some abnormality. Synovial inflammation in the shoulder was more commonly associated
with CPPD than gout. Although tendinopathy was a common finding in both gout and CPPD
patients, supraspinatous rupture was sevenfold more common in the CPPD group. Despite a
lack of age-matched controls, these findings lend support to what we know about the
destructive and systemic nature of CPP crystals.

Several recent studies suggest that ultrasound may be more sensitive for the detection of
chondrocalcinosis than plain radiography. Gutierrez et al. examined the sensitivity,
specificity, and accuracy of ultrasound for chondrocalcinosis in the knee in 74 patients with
CPPD and 83 controls with other types of arthritis [28]. CPPD was defined by the presence
of synovial fluid CPP crystals detected by polarizing light microscopy in the affected joint.
Meniscal chondrocalcinosis was detected by ultrasound in at least one knee in 90 % of the
patients with CPPD, compared to 83.7 % with conventional radiography. Detection rates for
calcification of hyaline cartilage were 59.5 % by ultrasound and 45.9 % by radiography.
Specificity (true negatives/false positives+true negatives) was 100 %, when the gold standard
diagnostic test was the detection of synovial fluid CPP crystals. Study limitations include the
special expertise of the investigators in this study and the poorly described inclusion criteria.
Barskova et al. compared plain radiography, CT scans, and ultrasound in 25 patients with
crystal-proven CPPD of the knee [29]. Oddly, only patients less than age 60 were enrolled in
the study, and no control group was included. Thirteen had chondrocalcinosis on
conventional radiography, 18 had chondrocalcinosis on CT scanning, and 25 had signs of
chondrocalcinosis on ultrasound. They conclude that ultrasound detects chondrocalcinosis
with greater sensitivity than CT scanning or conventional radiography. Ellabban et al.
examined the shoulder, wrist, and knees of 60 patients with knee effusions including a
subgroup with synovial fluid aspirates containing CPP crystals [30]. They excluded patients
with known chondrocalcinosis, gout, or autoimmune disease. They found that 32/60 had
chondrocalcinosis by ultrasound, and all of these patients had CPP crystals in synovial fluid
aspirates. Their data demonstrate that ultrasound accurately detected 84.2 % of CPPD cases
compared to 13.2 % for conventional radiography. The specificity was 100 % for both
imaging techniques, based again on the presence of synovial fluid CPP crystals.

Many of the studies published on ultrasound in CPPD are from groups of investigators with
special expertise in the interpretation of ultrasonography findings in CPPD. The
generalizability of these findings is called into question by a recent study by Loffler et al.
who suggested that in clinical practice, it may be difficult to distinguish between the double
contour sign of gout and articular chondrocalcinosis [31¢] and warned against overreliance
on these subtle findings.

Other Imaging Techniques

Other imaging techniques, including both those in the research phase and those not typically
used to image joints may contribute to our diagnostic armamentarium in CPPD. Li et al.
recently published a study of diffraction-enhanced synchrotron imaging (DEI) in cadaveric
knee joints [32]. This technique is based on radiographic technology that harnesses the x-ray
refraction and scatter rejection properties not available with conventional radiography and
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results in very detailed images of articular cartilage. While these elegant studies were
performed at a synchrotron facility, and this technique is not yet feasible in living patients,
chondrocalcinosis is beautifully illustrated by this technology. Similar techniques may prove
useful diagnostically once adapted for human use.

Conclusions

The advantages and disadvantages of currently available imaging modalities for CPPD are
summarized in Table 1. Recent work reinforces the challenging nature of imaging in CPPD.
Conventional radiography and CT scanning continue to provide important diagnostic
information in this disease. In concert with ultrasound, these techniques highlight the
polyarticular and systemic nature of CPPD, the high frequency of tendon and ligament
calcification, and the inflammation and tissue destruction associated with CPP crystals.
DECT and DEI are currently research tools, but hold promise as future diagnostic tests for
CPPD. Improved imaging modalities will significantly increase our ability to accurately
diagnose CPPD and contribute to better management of the many patients with this type of
arthritis.
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Fig. 1.
Conventional radiographs demonstrate chondrocalcinosis of the triangular fibrocartilage of

the wrist and meniscus in the lateral and medial compartments of the knee. (Courtesy of
Guillermo F. Carrera, MD. Department of Radiology, Medical College of Wisconsin)
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Advantages and disadvantages of commonly used imaging techniques in CPPD

Advantages Disadvantages
Conventional radiology . Widely available . Low sensitivity
. Commonly used to image joints . May miss CC in small joints
. Low cost Provides a 2D image

Low radiation exposure

CT scanning . Widely available
. Quick exam
. Can detect CC in small joints
. Provides a 3D image

MRI . Useful to diagnosis non-CPPD pathology
. Commonly used to image joints
. Provides a 3D image

Ultrasound . Good sensitivity in experienced centers
. Good specificity in experienced centers
. Widely available in many clinics
. Can be performed at the bedside

Absence of radiation exposure

. Not commonly used to image painful joints
modality
. Higher radiation exposure
High cost
. High cost
. Poor sensitivity
. Poor specificity

Lengthy exam

. Very operator dependent

. “Double contour sign” of gout may confuse
interpretation

Some joints are not easily accessible to examination

CC chondrocalcinosis
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