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ABSTRACT

In the last decade, an increasing number
of rheumatologists have been using ul-
trasound (US) for assessing patients with
gout and calcium pyrophosphate deposi-
tion (CPPD) disease. The high reflectiv-
ity of the crystalline aggregates and the
ability of US to detect even minimal crys-
tal deposits explain the high sensitivity
of this imaging technique. Furthermore,
the peculiar distribution within the target
tissues results in the generation of typi-
cal US patterns and explains the excel-
lent specificity of some US findings. The
large spectrum of US findings and their
wide combination generate different
scenarios in different patients and also
in the same subject. Such a high variety
impaired the standardisation of the defi-
nitions of each US finding.

This review presents the main US find-
ings indicative of crystal deposits, dis-
cusses the available evidence supporting
the use of US in patients with gout and
CPPD disease, and provides a research
agenda to guide further investigations.
The combined US examination of the
target tissues and the clinically involved
sites represents the key issue to obtain
the best compromise between accuracy
and feasibility, in the daily US assess-
ment of patients with crystal-related
arthropathies. Moreover, the US guided
aspiration of synovial fluid may enhance
the possibility to reach a crystal-proven
diagnosis, making US a complementary
tool, not in contrast, with microscopy,
which rests the current gold standard.
Finally, even if at moment other US find-
ings are not included among the typical
ones for crystal-related arthropathies,
it is possible that in the future, thanks
to continuous technological advances,
we will be able to identify other specific
patterns of pathology.

Introduction

In the last years, an increasing number
of rheumatologists have been using
ultrasound (US) in patients with gout
and calcium pyrophosphate deposition
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(CPPD) disease (1-10). Growing evi-
dence is in favour of the high accuracy
of the grey-scale US in the detection
of both monosodium urate (MSU) and
calcium pyrophosphate (CPP) crystals
(1-30). Thus, US may represent a use-
ful imaging technique in daily rheuma-
tology practice to confirm the suspicion
of crystalline arthropathy. However,
it must be kept in mind that the high
sensitivity and specificity values were
obtained by experts in musculoskeletal
US, using high-end US systems.

The high reflectivity of the crystalline
aggregates and the ability of US, espe-
cially with high frequency probes, to
detect even minimal deposits explain
the high sensitivity of this imaging
technique in revealing MSU and CPP
crystals (11-12). Furthermore, the pe-
culiar distribution within the target tis-
sues results in the generation of typical
sonographic patterns and explains the
excellent specificity of some US find-
ings (11-12).

The diagnostic value of US was tested
investigating patients with definite clini-
cal diagnosis of gout or CPPD disease
and disease control patients (1,2, 6, 14-
17). Moreover, in patients with gout, the
construct validity of US is supported
by data obtained in studies showing
the encouraging correspondence in the
identification of tophi when comparing
US findings with those of other imag-
ing techniques (i.e. MRI and TC) (13-
14). Fewer data are available for CPPD,
being only few the studies that investi-
gated the concurrent and the construct
validity of US in a limited number of
anatomic sites, especially in the lower
limbs (17-21).

In 2010 in the publication of the rec-
ommendations about the terminology
and diagnosis of CPPD, the European
League Against Rheumatism (EULAR)
CPPD Task Force recognises the impor-
tant role of US, defining its sensitivity
and specificity as “excellent and possi-
bly better than those of conventional x-
rays”, which are universally considered
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the standard reference among the imag-
ing modalities (7). Similarly, in the 2012
American College of Rheumatology
Guidelines for Management of Gout,
US is mentioned among the new imag-
ing approaches for detecting anatomic
changes of early disease not visualised
by plain radio-graphy and it is recom-
mended for the identification of tophi,
together with CT, or dual-energy CT (8).
This review presents the main US find-
ings indicative of crystal deposits, dis-
cusses the available evidence supporting
the use of US in patients with gout and
CPPD disease, and provides a research
agenda to guide further investigations.

US findings

Either the MSU or the CCP crystal de-
posits share, as common feature, the
high reflectivity of the US beam, which
does not depend on the angle of insona-
tion. Nevertheless, their sonographic
appearance is quite heterogeneous, in
terms of size (ranging from submilli-
metre spots to aggregates larger than 1
cm), superficial outline (which can be
well or poorly defined), internal echo-
structure (according to a homogeneous
or inhomogeneous aggregation of the
crystal deposits) and topographic dis-
tribution (which changes depending on
the affected tissue and the involved as-
pect of the anatomic district). Of note,
apparently in contrast with the high re-
flectivity, crystal aggregates can show
the unexpected absence of the acoustic
shadow (“soft tophi”), which can be
considered another characteristic fea-
ture, even if not constant, but distinc-
tive from the appearance of other hy-
per-reflecting structures, such as bone.
The generation of the acoustic shadow-
ing depends mainly on the density of
the crystal aggregates and is independ-
ent of their size (2, 11, 12).

This large spectrum of US findings and
their wide combination generate differ-
ent scenarios in different patients and
also in the same subject. Such a high
variety has also made difficult to stand-
ardise the definition of each single US
finding and resulted in different terms
used (Table I). The value to assign to
each US finding (i.e. hyperechoic spot)
depends mainly on its topographic dis-
tribution in the different tissues. The

Table I. US findings indicative of MSU (A) and CPP (B) crystal aggregates and the cor-
responding most common definitions used to describe them.

A.
US finding

US definition

Double contour sign

Hyperechoic spots

Soft tophus-like lesion

Hard tophus-like lesion

Mixed tophus like lesion

Bright stippled foci and hyperechoic
areas

“Snowstorm” appearance of the
synovial fluid

A focal or diffuse enhancement of the superficial margin of
the articular cartilage whose reflectivity is independent of
the angle of insonation (1,4,5,11,12,17).

A distinct and slightly irregular layer of hyperechoic mate-
rial overlying the anechoic hyaline cartilage (2).

Spots, 1 mm in size with the same echogenicity of the bony
cortex (1).
Hyperechoic microparticles (2)

A deposit showing an inhomogeneously echoic “‘echotex-
ture” (1).

Hypoechoic to hyperechoic, inhomogenous appearance of
“wet sugar clumps” (2).

Hypoechogenic nodule surrounded by a hyperechogenic
rim (13).

A deposit appearing as a hyperechoic band generating a
posterior acoustic shadow (1).

A deposit showing ultrasound features of both soft and hard
tophus (1).

monosodium urate deposits within the thickened
hypoechoic synovia and the joint space (16).

Hyperechoic spots in the synovial fluid floating within the
joint cavity in acute inflammation (11).

B.
Hyaline cartilage calcification

Meniscal calcification

Tendon calcification

“Punctate” pattern

Hyperechoic spots within the cartilage layer not generating
a posterior acoustic shadow (4,11,17,21,29).

Hyperechoic, crystalline material layered in the centre of
the anechoic hyaline cartilage (2).

Thin hyperechoic band, parallel to the surface of the hya-
line cartilage (19,20).

Several thin hyperechoic spots within the fibrocartilage
(19.21).

Linear hyperechogenic deposit positioned at the major axis
of the tendon that does not create posterior shadowing (11,
29).

Hyperechoic thin deposits not in continuity with the bone
profile observed within the fibrillar tendon structure (18).

Hyperechoic rounded or amorphous-shaped areas in fibro-
cartilage or tendons (11,19).

elective predilection of MSU crystals to
deposit on the hyaline cartilage surface
generates the “double contour sign”,
which may be detected also in joints
with no signs of inflammation (Figs.
1-3). CPP crystals can also be depicted
at the hyaline cartilage level, but their
location is inside the cartilage (usu-
ally, in the middle layer) (Fig. 4). This
different distribution of the crystal de-
posits can be used to distinguish MSU
from CPP crystals, as confirmed in sev-
eral studies focused on gouty patients.

According to the very few investiga-
tions that have described the US fea-
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tures of the crystal deposits at tendon
level, both MSU and CPP crystal ag-
gregates appear as subtle hyperechoic
bands usually not generating acoustic
shadowing (Fig. 5) (4, 11, 13, 18, 22,
24,29, 30).

The limited use of power and colour
Doppler, unlike most of the other US
applications in rheumatology, makes
this area of research peculiar and par-
ticularly attractive.

Validity issues
Scanning protocol
In the initial publications, the application
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Fig. 1. Acute attack of gout. First metatarsophalangeal joint. Dorsal longitudinal (A) and transverse (B)
views showing anechoic joint cavity widening indicative of exudative synovitis. C. The dorsal longitudi-
nal view with the joint in flexed position allows the detection of the double contour sign (arrowhead). D.
The medial longitudinal view reveals the presence of inhomogeneous material with subtle hyperechoic
bands not generating acoustic shadowing (arrows) in-between the metatarsal head and the collateral
ligament. mt: metatarsal head; pp: proximal phalanx; cl: medial collateral ligament, *: synovial fluid.

Fig. 2. Tophaceous gout. Metacarpophalangeal joint. Dorsal longitudinal (A) and transverse (B) views
showing a representative example of double contour sign due to the inhomogeneous MSU crystal
deposition on the cartilage surface resulting in an enhancement of the chondro-synovial interface (ar-
rowheads). mc: metacarpal head; pp: proximal phalanx.

of US was tested at the typical anatomic
sites affected by the gout and CPPD
disease, with a predilection for the first
metatarsophalangeal (MTP) joint and
the knee. Even if US allows for a quick,
safe and cheap multi-site and multi-
tissue assessment, in the daily clinical

routine, a practical rule is to start the
sonographic examination guided by the
clinical suspicion based on the patient’s
history and the physical findings. Nev-
ertheless, US can reveal the presence
of crystal aggregates also in asympto-
matic sites with no previous clinical
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involvement. Thus, the first MTP joint,
the elbow, the patellar and the Achilles
tendons, in gouty patients, and the hya-
line cartilage and the fibrocartilage in
the knee, the triangular ligament of the
wrist, the Achilles tendon and the plan-
tar fascia, in those with CPPD disease,
should be considered sites to scan even
if not clinically involved. The position
of the anatomic site under examination
is fundamental to ensure the best expo-
sure of the cartilage surface to the US
beam. For instance, the maximal flexion
of the metacarpophalangeal joint is es-
sential to ensure the perpendicular in-
sonation of the metacarpal head hyaline
cartilage using the dorsal views.

Unlike microscopic examination, US
assessment does not require the pres-
ence of synovial fluid or tophaceous
material for detecting crystal aggre-
gates. Thus, it can be performed also
during the gout or pseudogout intercrit-
ical periods. Moreover, US can be used
to detect and to guide the aspiration of
even minimal amount of synovial fluid
which results sufficient to obtain a mi-
croscopic crystal identification.

Gout

The double contour sign is the US find-
ing indicative of crystal deposit most
frequently investigated and the one
considered almost pathognomonic of
hyperuricemia or gout, with a substan-
tial agreement in the literature (10-22).
The reported sensitivity of this sign is
high in different anatomic sites, includ-
ing small joints such as the first MTP
joint, and large ones such as the knee.
However, its sensitivity depends on the
width of the cartilage surface reachable
by the US beam. The relatively lower
sensitivity found in some studies can be
explained by their study design: only
one anatomic site investigated even if
not clinically involved. Thus, a clini-
cally guided multi-site US examination
should be recommended to increase the
sensitivity of the double contour sign.
Nevertheless, in spite of the largely ac-
cepted diagnostic utility of the double
contour sign, it is interesting to note
that several validity issues still require
dedicated studies to be addressed. To
date, there is evidence supporting the
reproducibility of this sign (discrimi-
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Fig. 3. Tophaceous gout. Metacarpophalangeal joint. Dorsal longitudinal view showing subcutaneous
tophaceous deposits appearing as cloudy areas (curved arrows), double contour sign (arrowheads),
and bone erosion at the bare area with inhomogeneous material within the erosive crater. me: meta-
carpal bone; pp: proximal phalanx; t: finger extensor tendon.

Fig. 4. CPPD disease. Knee. Anterior suprapatellar longitudinal (A) and transverse (B) views showing
hyperechoic spots within the femoral hyaline cartilage not generating acoustic shadowing (arrow-
heads). Medial (C) and lateral (D) longitudinal views revealing meniscal calcifications which ap-
pear as hyperechoic spots in-between femur and tibia within the external meniscal material (arrows).
f: femur; q: quadriceps tendon; p: upper pole of the patella.

nant validity) and a preliminary study
reporting its disappearance in a small
cohort of patients receiving urate-low-
ering therapy (25).

The results obtained for the other US
findings indicative of MSU deposits,
are more conflicting and require fur-
ther investigations. This can be related
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to several reasons. First, the lack of a
detailed description defining the US
findings indicative of the MSU crystal
deposits at tissues other than hyaline
cartilage. This is mainly due to the wide
spectrum of US features and it makes
difficult to find an all-embracing de-
scription. In fact, several terms were
used to indicate the MSU deposits and
this represents a strong limitation to
compare the results of different stud-
ies. Second, the US findings indicative
of MSU deposits require further vali-
dation, especially those used to detect
intra-tendinous crystals.

To overcome limitations, such as the
relatively low sensitivity of specific US
signs or the confounding appearance of
US findings with higher sensitivity, re-
cent studies have proposed approaches
mainly based on the multi-tissue and
multi-site US evaluation.

From the assessment of 17 joints and
8 tendons in 29 patients with crystal-
proven gout, Peiteado er al. have ex-
tracted a 6-minute four-joint (bilateral
knees and first MTP joints) US assess-
ment based on two US abnormalities,
i.e. double contour sign and hyper-
echoic cloudy areas. Such an approach
was found feasible and these findings
were detected in 97% of the patients
(23).

More recently, Naredo et al. proposed
a more novel approach, using the com-
bination of a comprehensive US evalu-
ation, including different US findings
(intra-articular and intrabursal, and
tendon and ligament tophi, double con-
tour sign), at different tissues (synovial
recesses of joint and bursae, tendons,
ligaments, articular cartilages) in sev-
eral anatomic sites of upper and lower
limbs. The results of these study seem
to suggest that merging the information
provided by the presence of different
US abnormalities and their topography
may improve the accuracy in gout di-
agnosis, without losing feasibility. The
proposed 12-structure assessment (bi-
lateral radio-carpal joint, first metatar-
sal head cartilage, talar cartilage, sec-
ond metacarpal head or knee femoral
condyle cartilage, patellar and triceps
tendons) yields high sensitivity and
specificity (85% and 83%, respective-
ly), with a high positive and good nega-
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Fig. 5. Gout. Representative examples of chronic enthesopathy. A. Longitudinal view of the Achilles
tendon showing an intra-tendinous thin hyperechoic band not generating acoustic shadowing at the
insertion into the calcaneal posterior tuberosity. B. Longitudinal view of the patellar tendon showing
an echotextural derangement due to the presence of inhomogeneous tophaceous material. cb: calcaneal
bone; At: Achilles tendon; att: anterior tibial tuberosity; pt: patellar tendon.

tive predictive values (92% and 71%,
respectively) for diagnosing gout (9).
Even if these studies provide results
which can be of help in the daily prac-
tice to improve the feasibility, the ex-
tremely high variety of the US scenar-
ios in gouty patients makes difficult to
accept a fixed pre-defined scanning pro-
tocol which does not include the clini-
cal information.

In a recent study, our group has shown
that the acquisition of the skills required
to identify and interpret the main US
findings in gout, can be obtained with
a 7-day dedicated training-programme
(24). A correct identification of the US
features indicative of MSU crystal de-
posits entails avoiding not only miss-
ing the US findings, but also their false
positive detection. Thus, a deep knowl-
edge of the tips and tricks in the US of
crystalline arthropathies is crucial for
avoiding misinterpretations (11, 12).

CPPD disease

The specificity for the presence of the
CPP crystals in the hyaline cartilage is
not well known. Only few studies have

investigated this US pattern of crystal
distribution. Our group have found a
specificity of 97.6% in a blind evaluation
of 264 knees in 132 patients comparing
48 CPPD subjects with 32 gouty patients
and other 52 disease controls (rheuma-
toid arthritis, psoriatic arthritis and os-
teoarthritis) (17). In the same study, the
presence of hyperechoic spots within
the hyaline cartilage layer of the femoral
knee showed a relatively low sensitiv-
ity 68.7%. In all patients the diagnosis
was made according to McCarty criteria,
supporting the construct validity (26).

The other characteristic target tissue for
the deposition of CPP crystals is the fi-
brocartilage, which was object of recent
studies comparing the US findings ob-
tained in vivo and those acquired in the
menisci samples after knee replacement
surgery, in a total of 6 patients and 11
menisci (27, 28). Higher sensitivity and
specificity values were obtained with the
ex vivo US assessments rather than with
the in vivo ones (67 and 100% vs. 44 and
50%, respectively). The microscopic
analysis was used as gold standard for
the diagnosis. Possible explanations of
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these results could related to technical
limitations due to obese patients and/
or late stage of knee osteoarthritis, or to
the presence of a small vessel generating
false positive findings (27).

These results, even if in a very small
population, are important because un-
derlying the need for further investiga-
tions to clarify the accuracy of the US
identified CPP crystal deposits at fibro-
cartilage level.

The third tissue target for CPP crys-
tal deposition using US is the tendon.
These crystal aggregates present a char-
acteristic distribution in the tendon, ap-
pearing as hyperechoic linear deposits
parallel to the fibrils, generally without
acoustic shadowing and not in continu-
ity with the bone (11, 12, 18).

US detected frequently and with a
high specificity (98-100%) calcaneal
intratendinous calcifications, even in
asymptomatic subjects with chondroc-
alcinosis. Furthermore, the US findings
showed high agreement with radio-
graphic results (18).

As for gout, the multi-site and multi-
tissue US assessment has been per-
formed in patient with CPPD disease.
In 42 patients, the hyaline cartilage and
the fibrocartilage were assessed at knee,
wrist and metacarpophalangeal joint
level, and the tendons were scanned at
the heels level (i.e. Achilles tendon and
plantar fascia), and CPP crystals were
found in at least two anatomic sites with
a mean of four anatomic sites (29).
Recently, a multicentre study has inves-
tigated the prevalence of CPP deposits
at shoulder level, which is generally not
included among the most typical target
sites for CPPD. Rotator cuff tendons
and the acromion-clavicular fibrocarti-
lage were the most frequently affected
tissues (30).

Conclusion

In conclusion, US may be considered a
powerful tool in the hands of the rheu-
matologist in the suspicion of a crystal-
line arthropathy. Some highly specific
US findings, if carefully handled, may
be critical for shortening the time re-
quired for the diagnosis. The identi-
fication of the double contour sign or
the intratendinous tophi can lead to a
diagnosis of gout or of a hyperuricemic
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condition. The presence of hyperechoic
spots or aggregates within the hyaline
cartilage layer or in the fibrocartilage
are strongly indicative of CPPD disease.
Other US findings, more common but
less specific, such as hyperechoic spots
in synovial tissue or tendons, can con-
tribute to generate or increase the sus-
picion of a crystalline arthropathy but
may be frequently found also in other
conditions.

The combined US examination of the
target tissues and the clinically involved
sites represents the key issue to obtain
the best compromise between accuracy
and feasibility, in the daily US assess-
ment of patients with crystal-related
arthropathies.

Moreover, the US guided aspiration of
synovial fluid may enhance the possi-
bility to reach a crystal-proven diagno-
sis, making US a complementary tool,
not in contrast, with microscopy, which
remains the current gold standard.
Finally, even if, at present, other US
findings are not included among the
typical ones for crystal-related arthropa-
thies, it is possible that in the future,
thanks to continuous technological ad-
vances, we will be able to identify other
specific patterns of pathology.

Key messages

1. US is a sensitive technique for de-
tecting both MSU and CCP crystal
deposits.

2. MSU and CCP crystal deposits share,
as a common feature, the high reflec-
tivity of the US beam, which does not
depend on the angle of insonnation.

3. The cartilage is the most frequently in-
vestigated tissue and the double con-
tour sign is highly specific for gout.

4. Intratendinous hyperechoic linear
bands parallel to the fibrils, gener-
ally without acoustic shadowing can
be considered evocative for crystal
deposits.

5. A clinically-driven multi-tissue US
assessment of selected anatomic
sites is the best approach to scan pa-
tients with crystal-related arthropa-
thies in the daily clinical practice.

6. US can be used to detect and to guide
the aspiration of even a minimal
amount of synovial fluid, which is es-
sential to reach the microscopic iden-
tification of MSU or CPP crystals.
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