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Abstract The objective of the present study is to evaluate, by
ultrasonography (US), the prevalence in the quadriceps, patel-
lar, and Achilles tendon involvement of gout compared to that
of patients with osteoarthritis and asymptomatic marathon
runners. This is a multicenter, multinational, transverse
cross-sectional, and comparative study comprising 80 patients
with the diagnosis of gout according to the American College
of Rheumatology (ACR) criteria, compared with two control
groups: 35 patients with generalized osteoarthritis according
to the ACR criteria and 35 subjects who were healthy mara-
thon runners. Demographics and clinical characteristics, such
as age, gender, comorbidity, disease duration, pain at the
enthesis in the knee and ankle, frequency of disease exacerba-
tions, uric acid level more than 7.2 mg at the time of evalua-
tion, and type of treatment, were recorded. All participants
were examined by ultrasound at the quadriceps, the patellar
at its proximal and distal insertion, and the Achilles tendon to
detect intra-tendinous tophus or aggregates according to the

OMERACT definitions. Descriptive statistics and differences
between groups were analyzed by chi-square test. Sensitivity
and specificity by US were calculated. The prevalence of
intra-tendinous aggregates and tophi in gout was significant
compared with the other groups. Both lesions were the most
frequent at the distal patellar insertion, followed by the quad-
riceps, Achilles, and proximal patellar insertion ones. In pa-
tients with osteoarthritis (OA), intra-tendinous hyperechoic
aggregates were observed in 20 % of quadriceps tendons
and in 11 % of patellar tendons at its proximal insertion, while
in the healthy marathon runner group, the Achilles tendon had
this kind of lesion in 17 % of the subjects. Neither the OA nor
the healthy marathon runners had intra-tendinous tophi. The
sensitivity and specificity of US to detect tophi or aggregates
were 69.6 and 92 %, respectively, tendon involvement at the
lower limbs in gout is very frequent, particularly in the patellar
tendon, and US possesses good sensitivity and specificity for
detecting intra-tendinous tophi.
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Background

Gout is the most common form of inflammatory arthritis and
is caused by the chronic elevation of serum uric acid (SUA)
levels above the saturation point for monosodium urate
(MSU) crystal formation [1]. As it is mentioned in the new
2015 European League Against Rheumatism (EULAR)/ACR
gout classification criteria, the previous criteria on the classi-
fication of gout had suboptimal sensitivity and/or specificity
[2]. This criterion was developed at the time when advanced
imaging, such as ultrasound (US), was not available. US has
demonstrated good sensitivity and specificity for two elemen-
tary lesions: hyperechoic cloudy areas have a sensitivity of
79 % and specificity of 95 % [3], and double-contour sign is
detected in 92 % of gouty patients but no controls [4], and its
sensitivity and specificity are 69 and 99 %, respectively, when
compared with chondrocalcinosis [5, 6].

MSU crystal deposition in tendons is a frequent manifesta-
tion of extra-articular gout, more frequently affecting the
Achilles, patellar, peroneal, and the flexor and extensor ten-
dons in the hand [6–9]. Microcrystalline deposits may be lo-
calizing in the body of the tendon, around, or even at the
enthesis, frequently in more than one location [10].

Recently, Dalbeth et al. evaluated the frequency and pattern
of tendon and ligament involvement in the foot of tophaceous
gouty patients, by dual-energy computed tomography
(DECT). These authors observed that tendon involvement is
10.8%, and the most affected tendonwas the Achilles, follow-
ed by the peroneus one, the anterior tibialis tendon, and, final-
ly, the extensor and flexor tendons in the foot. The presence of
MSU crystal deposits in the body of the tendon and enthesis
together was more frequently observed than that on each one
isolated [11].

Tendons play an important role in affording stability, and
they contribute to movement; to date, the impact of MSU
crystals on tendon function is unknown [11]. It has been dem-
onstrated, in an animal model, that MSU crystals exert an
inhibitory effect on matrix metalloprotease enzyme genes
(Mmp2, Mmp3, and Mmp13), collagen production, and
tenocyte viability because these crystals induce tenocyte apo-
ptosis [12]. It has been postulated that the disruption in tendon
structure by the crystals limits tendon self-repair by
diminishing collagen production and, on the other hand, by
promoting its degradation by the catabolic enzymes produced
by the inflammatory cells surrounding the crystals [13, 14].
The importance of the detection of tendon involvement in
gout remains in that it could condition tendon spontaneous
rupture as previously described in the literature [15–18]. US
is the best imaging technique to evaluate tendons: several
studies have demonstrated its usefulness in diagnosing gout

[19–21] and its reproducibility [22]. The objective of the pres-
ent study was to evaluate, by US, the prevalence of tendon
involvement in the quadriceps, patellar, and Achilles tendons
in gout compared to patients with osteoarthritis and asymp-
tomatic marathon runners.

Study subjects and methods

A multicenter, multinational, transverse cross-sectional, and
descriptive study comprising 80 patients with diagnosis of
gout according to the American College of Rheumatology
(ACR) criteria [23] fulfills the entry criterion (at least one
episode of swelling, pain, or tenderness in a peripheral joint)
and presence of MSU crystals in a symptomatic joint or to-
phus. All patients were in an inter-critical period at the time of
study enrollment. Patients were referred to rheumatology out-
patient clinics at participant institutions. Written informed
consent was obtained from all participants prior to inclusion
in the study.

Demographics and clinical characteristics, such as age,
gender, comorbidity, disease duration, pain at the enthesis in
the knee or ankle, frequency of disease exacerbations, uric
acid level more than 7.2 mg at time of evaluation, and kind
of treatment, were evaluated by a rheumatologist with no US
experience. Data were compared with two control groups: 35
patients with generalized osteoarthritis (OA) according to the
ACR criteria [24] and 35 subjects who were healthy marathon
runners and who did not have symptoms in the evaluated
tendons. None of the patients with OA had a history or evi-
dence of hyperuricemia. The marathon runners had no known
comorbidity and did not undergo any laboratory testing.

US examination included the quadriceps tendons, the pa-
tellar tendon at its proximal and distal insertion, and the
Achilles tendon. All tendons were evaluated bilaterally ac-
cording to the EULAR guidelines for performing US in rheu-
matology [25]. Ultrasound machines of different brands were
used, including Esaote MyLab 70 and Esaote MyLab 25
Gold, both equipped with 10–18 MHz linear probes and GE
Logic 3 Expert equipped with 6–12-MHz linear probe.

Fig. 1 Longitudinal view of distal patellar tendon that shows intra-
tendinous tophus as inhomogeneous, circumscribed, hyperechoic
aggregates which generate posterior acoustic shadowing (white arrow)
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Rheumatologist ultrasonographers had background training in
US of at least 5 years and were blinded to clinical evaluation.
US elementary lesion evaluation comprised the following: (1)
intra-tendinous tophus, defined as an inhomogeneous,
circumscribed, hyperechoic and/or hypoechoic aggregate,
which may or may not generate posterior acoustic shadowing
and which can be surrounded by a small anechoic halo [26]
(Fig. 1) and (2) intra-tendinous aggregates, defined as hetero-
geneous hyperechoic foci that maintain a high degree of re-
flection even when gain setting is minimized or insonation
angle is changed, which occasionally can generate posterior
acoustic shadowing [26], and power Doppler (PD) signal

(Fig. 2). Before the study begins, all ultrasonographers review
a set of images to standardize the interpretation of the elemen-
tary lesions.

Statistics

Median, standard deviation (SD), and percentages were used
to describe the patients’ clinical characteristics. Differences
between groups were analyzed by chi-squared test.
Sensitivity and specificity were calculated. Significance was
established data p value <0.05. The analyses were performed
using the SPSS ver. 21.0 statistical computer software (SPSS,
Inc., Chicago, IL, USA).

Results

The clinical characteristic data are depicted in Table 1.
As expected, the OA group was older than those diag-
nosed with gout and asymptomatic marathon runners.
Gout and healthy marathon runners were more common
among masculines. The last group was younger because
it is difficult to find healthy subjects to compare with

Table 1 Clinical demographics
of patients with gout, OA, and
asymptomatic marathon runners

Gout
n= 80

Osteoarthritis
n= 35

Asymptomatic
marathon runners
n = 35

Age (years ± SD) 52± 14 58± 9 41 ± 7

Gender n (%)

Masculine 43 (54 %) 17 (49 %) 18 (51 %)

Feminine 37 (46 %) 18 (51 %) 17 (49 %)

Comorbidity n (%)

Obesity 32 (40 %) 11 (31 %) NA
High blood pressure 30 (38 %) 7 (20 %)

Dyslipidemia 29 (36 %) 9 (26 %)

Diabetes mellitus 8 (10 %) 4 (11 %)

Heart disease 2 (3 %) 2 (6 %)

Psoriasis 1 (1 %) 0

Pain in at least one clinically evaluated
enthesis

29 (36 %) 3 (9 %) NA

Uric acid level at time of evaluation (mg) 7.2 ± 1.6 5.3 ± 0.6 NA

Acute gouty attack at least one in the past year 34 (43 %) NA NA

Treatment

NSAID 54 (68 %) 32 (91 %) NA
Steroid 12 (15 %) NA

Allopurinol 53 (66 %) NA

Colchicine 29 (36 %) NA

Febuxostat 7 (9 %) NA

Data expressed as number and percentage

NA not applicable, NSAID non-steroidal anti-inflammatory drug

Fig. 2 Longitudinal view of distal patellar tendon that shows intra-
tendinous aggregates as heterogeneous hyperechoic foci (white arrow)
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other groups. Obesity, systemic high blood pressure, and
dyslipidemia were the most frequent comorbidity in the
gout and OA groups. More than 30 % had pain in at
least one enthesis in the gout group and less than 10 %
in the OA group, and 36 % had high levels of uric
acid. A high percentage of the gout group patients had
at least one acute gouty attack in the previous year.
Regarding treatment, non-steroidal anti-inflammatory
drugs (NSAIDs) were the most used medications in
gout and OA. Two thirds of gouty patients take
allopurinol.

Tendon involvement in gout is presented in Table 2.
Intra-tendinous tophi and hyperechoic aggregates were
the most frequent lesions at the distal patellar insertion,
followed by quadriceps, Achilles, and proximal patellar
insertion. The presence of PD was scarce in all tendons.
In patients with OA, intra-tendinous hyperechoic aggre-
gates were observed in seven (20 %) quadriceps tendon
and in four (11 %) patellar tendon at its proximal in-
sertion, while in the healthy marathon runners group,
Achilles tendon had this kind of lesion in six (17 %)
subjects. None of the OA and healthy marathon runners
had intra-tendinous tophi.

The prevalence of intra-tendinous aggregates and tophi in
all tendons was significant in gout as shown in Table 3.

The sensitivity and specificity of US for the detection of
intra-tendinous aggregates and intra-tendinous tophi are illus-
trated in Table 4.

The prevalence of double-contour sign was 44 % (35
patients).

In gout, the specificity of tophi vs PD was 86.76 (82.79 to
90.68), and the hyperechoic aggregates vs PD was 85.11
(80.98 to 89.24).

Discussion

Tendon involvement in patients with gout is frequent, as has
been shown in this study and other recently published data [5,
10, 20]. To our knowledge, this is the first multicenter study
that systematically evaluates the prevalence of tendon in-
volvement in the lower limb in gout. The population with gout
had more comorbidity, especially high blood pressure, dyslip-
idemia, diabetes, and obesity, than those with OA. These fac-
tors could exert an influence in tendon structure changes, par-
ticularly dyslipidemia and obesity. Tendon involvement in
dyslipidemia has been especially noticeable by US in the
Achilles tendon, as it has been described in the literature that
increased width and diminishing echogenicity comprise the
principal features. To date, cloudy hyperechoic areas with or
without acoustic shadow have not been demonstrated
[27–29].

A single study has evaluated, by means of US, the presence
of tophi in different regions in order to demonstrate localiza-
tion and a characteristic pattern to differentiate tendon in-
volvement from tophi [10]. However, in that study, the sample
was too small and did not have an US definition for tophi, in
terms of how these are known at present [10, 30, 31]. Tendon
involvement, in gout, has been evaluated systematically by
US and DECT in a few studies [10, 11]. In our study, the most
frequent affected tendon was the patellar in its distal insertion,
in more than half of patients, similar to the reported by
Peiteado et al. [6]. Also, in the data of the study of Naredo
et al., this tendon together with triceps had high specificity and
predictive positive value to diagnosis gout so they propose

Table 3 Prevalence of intra-tendinous aggregates and tophi in gout

Tendon involvement in
patients with gout

Chi-square Degrees of
freedom (df)

p value

Quadriceps 12.12 2 0.002

Proximal patellar insertion 15.10 2 0.001

Distal patellar insertion 34.15 2 0.001

Achilles 21.13 2 0.001

Table 4 Sensitivity, specificity, and positive and negative predictive
values of US for the detection of intra-tendinous tophi in gout

Value 95 % CI

Sensitivity (%) 69.58 63.55 75.61

Specificity (%) 92.00 87.33 96.67

Predictive value + (%) 93.30 89.35 97.24

Predictive value − (%) 65.40 58.75 72.06

Likelihood ratio + 8.70 5.02 15.06

95 % CI 95 % confidence interval

Table 2 Prevalence in tendon
involvement in patients with gout Quadriceps

tendon n (%)
Proximal patellar
insertion n (%)

Distal patellar
insertion n (%)

Achilles tendon
n (%)

Intra-tendinous tophi 21 (26 %) 11 (14 %) 33 (41 %) 18 (22 %)

Hyperechoic aggregates 18 (23 %) 12 (21 %) 28 (35 %) 21 (26 %)

Power Doppler signal 3 (4 %) 5 (6 %) 3 (4 %) 0 (0 %)
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these tendon involvements as a part of gout diagnosis criteria
[20].

On the other hand, we observed that the prevalence of intra-
tendinous tophi and hyperechoic aggregates in all affected
tendons was significantly higher in the gout group than in
the control groups. Around half of our patients exhibited tophi
and hyperechoic aggregates at the Achilles tendon, similar to
those detected by DECT in the foot [11]. Some patients with
OA and asymptomatic marathon runners had intra-tendinous
hyperechoic aggregates, as in other studies, because this ele-
mentary lesion is not exclusive to gout [20]. None of these
patients had hyperuricemia that explaining the origin of the
aggregates was secondary. Intra-tendinous calcifications relat-
ed to biomechanical factors or secondary to other causes could
produce images similar to hyperechoic aggregates, which ex-
plain why runners have Achilles tendon affected and in quad-
riceps in patients with OA.

This study was conducted in accordance with daily clinical
practice; for this reason, high percentage of gout group used
NSAID and fewer febuxostat (66 and 9 % respectively),
which could have influenced intra-tendinous tophi or
hyperechoic aggregates, but in our experience and others, a
long time is required to lose these elementary lesions [32].

PD signal

The presence of PD signal in this study was less than that
observed in another study where 62 % of patients had this
finding [6], we only observed PD signal in 11 patients
(14 %). NSAIDs and colchicine may have influenced the
presence of PD signal; in one long-term study that evaluated
the ability and responsiveness of PD to monitor the response
to urate-lowering therapy in patients with chronic gout, which
includes patellar tendon, there was persistence of the PD sig-
nal at 2 years in a high percentage of the patients, despite
appropriate clinical controls [32]. Additionally, PD signal is
not specific to gout, and for this reason, it has been excluded to
analysis in other reports [6, 20].

Double-contour sign of cartilage

The presence of double-contour sign of the femoral cartilage
was observed in about half of the patients, similar to that
reported in other studies in a range of 41 to 46 % [5, 33–35].

Sensitivity and specificity

Images of intra-tendinous tophi were found exclusively in
patients with gout. Sensitivity and specificity in US for detect-
ing this elementary lesion are in accordance with reports with
respect to the intra-articular double contour, the most charac-
teristic sign of gout by this technique [5, 6]. The specificity of
tophi and hyperechoic aggregates vs PD was good.

Limitations

One of this study’s limitations is the lack of validation of the
morpho-structural changes observed by US and, on the other
hand, age differences between groups, because it is difficult to
find healthy marathon runners with the same age as gout or
OA groups. The lack of a reliability exercise could be another
limitation; however, ultrasonographers took part of a reliabil-
ity inter-lecturer of elementary lesions in enthesis and in
spondyloarthritis with good and excellent concordance previ-
ously [36].

Conclusions

Tendon involvement in the lower limbs in gout is very fre-
quent, particularly at the patellar tendon, and US possesses
good sensitivity and specificity for detecting intra-tendinous
tophi.
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