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Abstract High-resolution sonography is a rapidly evolving
technique that is gaining an increasing success in the
assessment of crystalline arthropathies. In calcium pyrophos-
phate dihydrate crystal deposition disease, the sonographic
features of crystal deposition include hyperchoic spots within
hyaline cartilage and/or fibrocartilage and soft tissue
calcifications. The aim of this pictorial essay was to present
the main findings evocative of crystal deposition in patients
with pyrophosphate arthropathy.
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Introduction

Calcium pyrophosphate dihydrate (CPPD) crystal deposition
disease is characterized by acute or chronic inflammation
due to deposit of CPPD crystals in articular cartilage and
periarticular soft tissues [1, 2]. Over the last few years, the
availability of high resolution probes in the field of
musculoskeletal ultrasonography (US) has enabled the
accurate detection of even minimal soft tissue abnormalities
[3-6].
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With respect to the other imaging techniques, US has
revealed great potential in the assessment of and soft tissue
involvement in patient with CPPD crystal deposition
disease [7—14]. Aggregates of CPPD crystals have a high
reflectivity detectable in hyaline cartilage, fibrocartilage,
synovial fluid, and various soft tissues such as ligaments
and tendons. The aim of this pictorial was to present the
principal US findings in patients with CPPD crystal
deposition disease.

Materials and methods

The US pictures illustrated in this paper were obtained in a
cohort of 42 consecutive patients with CPPD disease, with
a diagnosis confirmed by synovial fluid analysis. The US
examinations were performed using the following high-
quality US systems: Diasus (Dynamic Imaging, Living-
stone, UK, with an 8- to 16-MHz linear probe), Logiq 9
(General Electric Medical Systems, with an 8- to 15-MHz
linear probe), and MyLab70 (Esaote Biomedica, Genoa,
Italy, with a 6- to 18-MHz linear probe). The US scans were
performed at anatomic regions referred by patients as
painful.

Results

Hyaline cartilage

The high spatial resolution of US (<0.1 mm) and the
sparkling reflectivity of CPPD crystal aggregates allow the
clear depiction of even very small hyperchoic spots (less

than 1 mm in size) within hyaline cartilage. Typical CPPD
crystal deposits can be seen within the substance of the
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hyaline cartilage in different anatomical sites, including
femoral condyle (Fig. 1) and metacarpal heads (Fig. 2).
When the US beam encounters even minimal crystal
aggregates, relative echoes are well visible even at very low
levels of gain. Intra-articular CPPD crystal aggregates show a
high variability with regard to the evolution phase of the
disease. The range of possible expressions goes from isolated
hyperchoic spot to extended deposits which may involve a
wide portion of the hyaline cartilage (Fig. 3). Linear CPPD
crystal deposits do not have a sufficient compactness to stop
the US beam progression, enabling the visualization of the
underline cortical bone profile. This is more relevant at level
of hyaline cartilage of femoral condyle.

Usually, there is a close correlation between the
appearance of crystal deposits on radiograph and on US.
Sometimes, even minimal deposits of CPPD crystals can be
detected by US when the radiograph is apparently normal

[15] (Fig. 4).

Fig. 1 Knee. a, b US on both transverse (a) and longitudinal (b)
scans of the suprapatellar bursa show hyperechoic band within the
femoral articular cartilage (arrowheads), not generating acoustic
shadow. ¢ Corresponding conventional radiography of hyaline and
fibrocartilage calcification (arrows)
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Fig. 2 Hand. a, b US on longitudinal scans shows hyperchoic
deposits (arrowheads) within the substance of the articular cartilage of
the metacarpal heads (mc) of the second and third finger. ¢
Corresponding conventional radiography reveal calcification of the
articular cartilage (arrows) and of the periarticular soft tissues (curved
arrows). pp proximal phalanx

Fibrocartilage

US can show the presence of CPPD deposits within the
fibrocartilage. These aggregates appear as hyperechoic
rounded or amorphous-shaped areas and their location can
be confirmed by dynamic assessment of the joint during
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real-time scanning. The lack of adequate acoustic windows
does not allow the proper US identification of CPPD
crystals in all anatomic arcas. CPPD aggregates can be
easily identified by US in the menisci of the knee (Fig. 5)
and in the triangular ligament of the wrist (Fig. 6).

Synovial fluid

US allows to detect echogenic aggregates floating in the
synovial fluid. These aggregates, typically, are uniformly
rounded in shape with sharply defined margins. Crystal
aggregates should be distinguished from joint debris and

Fig. 3 Knee. Femoral condyle. Different pattern of focal hyperechoic
deposits within the cartilage layer (arrowheads) not generating a
posterior acoustic shadow: from small punctate aggregates (a) to
larger solid deposits (b, ¢)

Fig. 4 Knee. a, b US on both transverse (a) and longitudinal (b)
suprapatellar scans show hyperechoic areas within the hyaline
cartilage of the femoral condyle (arrowheads) not detectable on
conventional radiography (c)

proteinaceous material by demonstrating the reflectivity of
the crystals present by adjustment of the US setting to a low
level of power and gain (Fig. 7).

Extra-articular soft tissues

CPPD crystal deposits of extra-articular soft tissues can be
revealed by US examination. US is able to define the
extension of crystal deposits and differentiate between
intratendinous and paratendinous calcifications. CPPD
crystal deposits may show a varying degree of shape and
can generate acoustic shadow (Fig. 8). The deposition of
CPPD crystals in tendons, for example, can be variable,
depending on the position and the size of the aggregates.
Intratendinous crystal deposits appear as hyperechoic spots
or bands within the contest of the fibrillar echotexture of
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Fig. 5 Knee. US on lateral (a)
and medial (b) longitudinal
scans shows hyperechoic areas
(arrowheads) within the fibro-
cartilage (asterisk). Of note the
spectrum of US appearance of
pyrophosphate crystal aggre-
gates: from sharply defined
hyperechoic ovoidal areas (a) to
homogeneously punctate pattern
(b). Corresponding conventional
radiography (c) detects calcifi-
cation of menisci (arrows).

[ femur, ¢ tibia

tendons. Calcification of tendons in CPPD crystal deposi-
tion disease is typically linear and extensive and may
generate an acoustic shadow (Fig. 9).

Discussion

This pictorial essay documents, according to the literature
[7-9, 13, 14], that pyrophosphate crystal aggregates can be
clearly depicted by US at different anatomical areas and
tissues. US is a very promising tool to aid diagnosis of
CPPD crystal deposition disease particularly in the setting
of acute inflammatory arthritis, especially when other
imaging modalities (such as conventional radiography)
may be negative. The diagnostic role of US in cases of
CPPD disease is “clearly” increased by the successful rate
in the aspiration especially when very small amount of fluid
are detected [16].

Sonographic features of CPPD deposits depend on the
amount and distribution of aggregates of crystals. The
spectrum of US appearance of CPPD crystal aggregates can
vary from homogeneously punctate (within the contest of
articular cartilage or floating in synovial fluid) to sharply
defined hyperechoic band of variable size. The shape and
anatomical location of the crystal aggregates in CPPD are
extremely helpful to distinguish them from other crystal
arthropathies. Differently from CPPD crystals, sodium
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Fig. 6 Wrist. a Lateral longitudinal view shows hyperechoic areas
(arrowheads) within the triangular ligament (asterisk). Calcifications
of the triangular ligament (arrows) were detectable also on conven-
tional radiography (b). e extensor carpi ulnaris tendon, u ulna, ¢
triquetrum bone
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Fig. 7 Hand (a, b) and knee
(¢, d) in two patients with CPPD
crystal deposition disease. Lon-
gitudinal (a, ¢) and transverse
(b, d) scans show US findings
indicative of synovitis of both
metacarpophalangeal and knee
joints. Hyperchoic punctate
rounded aggregates appear as
hyperechoic spots (arrowheads)
floating in the contest of a
mainly anechoic synovial fluid.
pp proximal phalanx, mc meta-
carpal bone, f femur

Fig. 8 Right (a—c) and left
(d—f) foot. The transverse (a, d)
and longitudinal (b, e) US scans
of the peroneus longus tendon
(p) of both sides in a subject
with CPPD crystal deposition
disease reveal, at level of cuboid
bone (cb), the presence of
hyperechoic areas (arrowheads)
with posterior acoustic shadows.
Of note bilateral anechoic ten-
don sheath widening of pero-
neus longus tendon (asterisk)
indicative of essudative teno-
synovitis. Calcifications were
also detectable on conventional
radiography (arrows) of the
right (c¢) and left (f) foot

Fig. 9 Achilles tendon (9. The longitudinal scan shows intra- P
tendinous hyperchoic areas with acoustic shadows (arrowheads). ¢
calcaneal bone
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monourate crystals deposits, for example, are not visualized
within the hyaline cartilage.

Typically, urate deposits enhance the visualization of the
superficial margin of the hyaline cartilage, increasing both
its reflectivity and thickness. Despite US is not considered
the gold standard imaging technique used for the diagnosis
of CPPD crystals deposits disease, the direct visualization
of these deposits allows the rheumatologist to gain a clearer
interpretation of the meaning of the different clinical
findings and may play a relevant role in disease diagnosis
especially in case of synovitis and/or pain of uncertain
origin.
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