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Abstract The aims of the current study are to describe
gadolinium-enhanced MRI features of an acute flare of
established gouty arthritis in different joints and to examine
a possible association between serum uric acid and MRI signs
indicative of ongoing inflammation and/or structural joint
damage as well as association with disease characteristics
and laboratory findings. Twenty-seven male patients with
established chronic gout agreed to participate, mean age
47.6 years, and mean disease duration in months 43.2
(±31.8). For all patients, detailed demographic, disease char-
acteristics, and laboratory findings were obtained and corre-
lated with MRI findings. In 27 patients with established gout,
a total of 50 MRI studies were performed of the following
joints: feet joints (n=23), ankles (n=18), knees (n=5), and

hand andwrist joints (n=4).MRI revealed capsular thickening
in 19 patients, bone marrow edema (BME) in 15, soft tissue
edema (STE) in 20, joint effusion in 21, bone erosions in 17,
cartilaginous erosions in 4, and tenosynovitis in 9 cases. In 17
cases, tophaceous lesions were found. Post contrast MRI
showed synovial thickening in seven cases. Positive correlations
were observed between serum uric acid levels and the following
MRI findings: capsular thickening (r=0.552, p=0.003), BME
(r=0.668, p≤0.0001), STE (r=0.559, p=0.002), and tenosyno-
vitis (r=0.513, p=0.006). UsingMRI in chronic gout, important
features can be detected like BME, minute cartilaginous ero-
sions, and hypertrophic synovial inflammation in post contrast
MR images. Serum uric acid (SUA) was positively correlated
with capsular thickening, BME, STE, and tenosynovitis.
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Introduction

Gouty arthritis is an inflammatory condition associated with
debilitating clinical symptoms, functional impairments, and a
substantial impact on quality of life. This condition is initially
triggered by the deposition of monosodium urate (MSU) crys-
tals into the joint space. This causes an inflammatory cascade
resulting in the secretion of several proinflammatory cyto-
kines and neutrophil recruitment into the joint [1]. Gout is
considered the most common cause of arthritis in the elderly
due to an increase in risk factors such as renal diseases, met-
abolic syndrome, and a diet rich in purines [2]. In cases of gout
with a low synovial fluid (SF), leukocyte count, and atypical
clinical presentation, such as in intercritical periods, the load
of MSU crystals is frequently low, and thus, methods to im-
prove the crystal detection may be beneficial [3].

As is the case with other inflammatory arthritides, gout will
often lead to significant destructive skeletal changes if left
untreated. Radiographic changes are only detectable after
many years of disease. A large percentage of patients with
gout and normal plain radiographs have occult destructive
arthropathy that is only detected by advanced imaging such
as MRI and/or ultrasound (US). However, MRI appears to be
much more sensitive than US at detecting these findings [4].

Moreover, computed tomography (CT) has superior capabil-
ity over both plain radiography and MRI to detect bone ero-
sions in gout [5, 6]. MRI has the advantage over CT to image
both tophus and bone erosion and has provided new insights
into mechanisms of joint damage in chronic gout. MRI allows
early detection of tophi and bone erosion in patients with gout
[7]. Synovial involvement may also be appropriately evaluated
with contrast-enhanced MRI technique [8]. MRI is commonly
used in autoimmune inflammatory arthritis to define disease
activity and damage, but its role in gout remains unclear.

The aims of the current study are to describe gadolinium-
enhanced MRI features of an acute flare of established gouty
arthritis in different joints and to examine a possible association
between serum uric acid and MRI signs indicative of ongoing
inflammation and/or structural joint damage as well as associ-
ation with disease characteristics and laboratory findings.
These findings may be relevant for the treating physician.

Patients and methods

Patients

Consecutive new patients with untreated gout fulfilling at least
6 of the 12 ACR diagnostic criteria for gout were included [9].

Twenty-seven male patients agreed to participate. There were
no refusals. All patients performed the MRI study during an
acute flare, on top of established disease, either due to stop-
ping urate lowering therapy or due to lack of adherence to take
therapy on regular basis. For all patients, detailed demograph-
ic and clinical characteristics were obtained.

Laboratory investigations

In all patients, laboratory investigations were performed in-
cluding complete blood count, erythrocyte sedimentation rate
(ESR) first hour, C-reactive protein (CRP), serum creatinine,
serum uric acid (SUA) levels, simple urine analysis, and 24 h
urinary uric acid.

MRI protocols

All MRI studies were performed using General Electric 1.5
Tesla MR Unit. MR studies for hand joints and both wrists
were performed in prone or supine position, with the arms
semi-flexed above the head and the hands positioned in the
center of the coil. Intravenous bolus injection of gadolinium-
diethylene triamine pentaacetic acid (DTPA) (0.1 mmol/kg
body weight) was performed after completion of the initial
coronal scout view. In all patients, the imaging protocol
consisted of fat-suppressed gadolinium-enhanced T1-
weighted spin-echo in all orthogonal planes (axial, sagittal,
and coronal planes), repetition time (TR) 855 ms, echo time
(TE) 20 ms, field of view 15–20 cm, section thickness 4 mm
with no intersection gap, one signal acquired, matrix 379×
512, and time of acquisition 5 min 27 s. A total of 16 sections
were obtained with this sequence. Other imaging variables
were TR 36 ms, TE 9 ms, flip angle 50° field of view
(FOV) 20–20 cm, one signal acquired, matrix 300×512, and
time of acquisition 5 min 25 s. Axial slices consisted of two
simultaneous series (2×8 and 2×30 sections with spin-echo,
respectively). The first series covered the wrists from the distal
radioulnar joints to the metacarpal bases and the second one
the metacarpophalangeal (MCP) joints. Both feet were then
scanned: patient supine position with a small pad under the
knees for the duration of the examination. In all patients, post
contrast fat suppressed spin-echo T1 (–two to eight slices) in
all planes through the MTP joints was done [10]. For MRI
knees, sagittal, coronal, and axial, T1-weighted, spin-echo
MRI were obtained. Immediately after the acquisition of base-
line images, bolus intravenous Gd-DTPA was administered
0.05 mmol Gd-DTPA. The following sequences were follow-
ed in all patients: coronal T2-weighted (TR/TE 2600-24/68,
matrix size 256×160, section thickness 4 mm, spacing
0.5 mm, FOV 16×16), coronal STIR (TR/TE 5250-94/68,
matrix size 256×160, section thickness 4 mm, spacing
0.5 mm, FOV 16×16), sagittal T2 (TR/TE 2600-24/68, matrix
size 256×160, section thickness 4 mm, spacing 0.5 mm, FOV
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16×16), sagittal STIR (TR/TE 5250-49, matrix size 256×160,
section thickness 4 mm, spacing 0.5 mm, FOV 16×16), axial
T1 (TR/TE 450-11.2, matrix size 320×192, section thickness
4 mm, spacing 0.5 mm, FOV 16×16), axial T2 (TR/TE 2600-
23.5, matrix size 256×192, section thickness 4 mm, spacing
0.5 mm, FOV 16×16) [11].

MRI interpretation

All MRI studies were evaluated for soft tissue edema (STE)
(Fig. 1a), bone marrow edema (BME) (Figs. 1a, 2a, and 3a),
joint effusion (Fig. 3c), tenosynovitis (Figs. 2c, 3d, e, 4c, d,
and 5a, b) synovial enhancement in post contrast images
(Fig. 1b, c, d), capsular edema (Figs. 2b and 3f), cartilaginous
erosions (Fig. 4a, b), and bone erosions (Fig. 3b, 4a, b,
and 5a, b). For tophaceous, lesions appear as intermediate
signal intensity on TI-weighted images, low to intermediate
signal on T2WI depending on mineral content of the lesion
and intermediate with poor enhancement on T1 post contrast
fat sat (Fig. 5c, d).

Statistical analysis

Quantitative variables were described using mean standard
deviation (SD) and categorical variables using absolute values

and percentages. Pearson’s correlation was used to measure
the strength of the linear relationship between serum uric acid
values and other variables like demographic, clinical charac-
teristics, laboratory findings, and MRI findings.

Ethics

The design of the study has been approved by the local ethics
committee, and all patients gave informed written consent to
be enrolled into the study according to the Declaration of
Helsinki.

Results

Twenty-seven male patients with established gouty arthritis
could be included in our study. Their mean age (±SD) was
47.6 (±12.0) years, and their mean disease duration since first
attack (±SD) in months was 43.2 (±31.8). A total of 50 MRI
studies were performed at the following joints: 23 feet joints
(n=23), 18 ankles (n=18), five knees (n=5), and hand and
wrist joints (n=4). MRI studies identified capsular thickening
in 19 patients, BME in 15, joint effusion in 21, STE in 20,
bone erosions in 17, cartilaginous erosions in 4, tenosynovitis

Fig. 1 a Sagittal PD fat sat,
showing bone marrow edema of
the inferior patellar pole, with
anterior soft tissue edema
(arrows); b sagital; c, d axial post
contrast T1 fat sat, showing
hypertrophic synovium (arrows)
with mild knee effusion
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in 9, and synovial thickening in 7 cases as observed in post
contrast MR images. Other clinical data, laboratory findings,
and number of gouty attacks are summarized in Table 1.

Ten patients (37 %) showed no evidence of tophi on MRI,
one joint was affected by tophaceous lesion in 14 (51.9 %),
two joints in 2 (7.4 %) patients, and four joints in 1 (3.7 %)
patient.

Serum uric acid levels showed no significant correlations
with demographic features, disease characteristics, and
markers of inflammation (Table 2), while positive correlations
were observed between serum uric acid levels and MRI find-
ings including capsular thickening (r=0.552, p=0.003), BME
(r=0.668, p≤0.0001), STE (r=0.559, p=0.002), and

tenosynovitis (r=0.513, p=0.006). Meanwhile, serum uric ac-
id showed no significant correlations with otherMRI findings:
joint effusion (r=−0.195, p=0.330), bone erosions (r=0.203,
p=0.310), cartilaginous erosions (r=0.152, p=0.449), and
number of tophi (r=0.262, p=0.187).

Discussion

There are few data in the literature regarding the bony and soft
tissue changes of gout on MRI. The existing data focus pri-
marily on the appearance of gouty tophi [4, 5, 8, 12–14].

Fig. 2 a Axial T2 fat sat, showing bone marrow edema of the first
metatarsal head (arrow); b axial T2 fat sat showing capsular edema of
the first metatarsophalngeal joint; c axial T1 fat sat showing tenosynovitis

and soft tissue edema of the second toe; d axial T1 fat sat, showing
non-enhancing tophaceous lesion close to the first metatarsophalangeal
joint

Fig. 3 a Sagittal PD fat sat, showing bone marrow edema of the head of
first metatarsal bone (short arrow), together with overlying small
tophecous lesion (long arrow); b sagittal PD fat sat showing eccentric
bone erosion of the head of the first metatarsal bone; c sagittal PD fat sat

showing ankle effusion; d, e coronal T1 fat sat showing extensor tendon
tenosynovitis of the fourth toe with surrounding soft tissue edema in two
different cases; f coronal PD fat sat, showing capsular edema and
thickening of the first MTP joint
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Regarding tophi, we found that 10 patients (37 %) showed
no evidence of tophi on MRI, one joint was affected by a
tophaceous lesion in 14 (51.9 %), two joints in 2 (7.4 %)
patients, and four joint in 1 (3.7 %) patient. Tophi have
variable signal intensity on T2-weighted images. The
most common pattern is heterogeneous intermediate to
low signal intensity on T2-weighted images. Both the
synovial membrane and tophi can show intense gadolinium
enhancement, reflecting granulation tissue and increased
vascularization [15].

In our study, other important MRI findings were identified:
capsular thickening in 19 patients, BME in 15, joint effusion
in 21, STE in 20, bone erosions in 17, cartilaginous erosions in

4, tenosynovitis in 9. and synovial thickening in 7 cases as
observed in post contrast MR images. In previous work,
Carter et al. [4] analyzed the prevalence of occult destructive
arthropathy in subjects with gout and normal plain radio-
graphs by utilizing both MRI and US. In their study, the au-
thors defined the Bindex joint^ as a joint that has had most
acute attacks of gout and was free of erosive changes on plain
radiographs. MRI and US studies were performed for the in-
dex joints as well as Basymptomatic joints^ with no previous
gouty attack. Their results showed that the first MTP was the
most common index joint (n=17) followed by the ankle
(n=5), mid-tarsal (n=2), knee (n=2), and wrist (n=1). The
knee was the most common asymptomatic joint (n=21)

Fig. 4 a, b Coronal T2 fat sat
showing multiple gross tophi
around the wrist and MCP joints
indicated by white arrows; the
related auricular cartilages are
destroyed with subchondral
erosions; c, d axial post contrast
T1 fat sat showing variable
degrees of flexor and extensor
tenosynovitis as indicated by the
white arrows

Fig. 5 a, b Coronal PD fat sat
showing signs of eccentric bone
erosions around the ankle mortise
with tenosynovitis of the peroneal
and tibialis posterior tendons; c
axial T1 post contrast fat sat
showing tophaceous lesion (small
arrow) and tenosynovitis (long
arrow) related to the fourth and
fifth toes, respectively; d sagittal
T1 post contrast fat sat showing
lobulated tophaceous lesion
overlying the dorsal aspect of the
first MTP joint
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followed by the wrist (n=3), MTP (n=2), and ankle (n=1).
Out of 27 subjects studied, 15 (56 %) had erosions on MRI of
their index joint (p<0.0001). Regarding the secondary end-
points on the index joint, the MRI detected synovial pannus
(SP; n=13), BME (n=4), STE (n=3), and none showed soft
tissue tophi (STT). Regarding the asymptomatic joint, MRI
findings included SP (n=3), BME (n=3), STE (n=2), and
bone erosions (n=1), while US failed to show such findings
in the asymptomatic joint. The authors concluded that MRI
appears to be much more sensitive than US at detecting these
findings. In another work, Chen et al. [12] examined 12 pa-
tients with intra-articular tophi in the knee joints by MRI and

CT; the authors observed that tophi were located purely intra-
articularly in 10 knees. The authors concluded that enhanced
MR imaging could supplement, in some cases, accurate diag-
nosis with CT scanning of intra-articular tophaceous deposits
[12]. In our study, we found that the number of gouty attacks
as dependant variable showed only significant positive asso-
ciation with tophaceous lesions (p=0.001). Puig et al. [16]
evaluated with US 35 patients with asymptomatic hyperurice-
mia. The authors reported that urate deposits (tophi) in ten-
dons, synovium, and other soft tissues were detected in 12
patients (34 %) and increased vascularity (inflammation)
was evident in 8 of these patients (23 %). This study using
US is the first to link the gap between asymptomatic hy-
peruricemia and symptomatic deposition of urate, namely
gout. A characteristic sign by US is the double-contour
sign which represents a hyperechoic band over anechoic
cartilage [17]. In our study, we could not specify this sign
which can be explained by the great difference between US
and MRI techniques.

MRI is commonly used in autoimmune inflammatory ar-
thritis to define disease activity and damage, but its role in
gout remains unclear. MRI reveals that gout affects the joints,
bones, and tendons [18]. In our study, we observed BME in 15
patients at different joints, and none of them showed evidence
of concomitant osteomyleitis. This in contrast to the previous
findings reported Poh et al. [18] who examined a total of 47
patients with established gout (51 scans); 33 (70 %) had un-
complicated gout, and 14 (30 %) had gout complicated by
osteomyelitis. In their study, MRI showed tophi in 36 scans

Table 1 Demographic, clinical characteristics, and laboratory
investigations among the studied group of 27 patients

Parameter Gouty arthritis patients (n=27)

Age (years) 47.59±12.01

Disease duration (months) 43.22±31.8

Pattern of gouty arthritis

Monarticular 10 (37)

Oligoarticular (4 or fewer joints) 15 (55.5)

Polyarticular (>4 joints) 2 (7.4)

Clinically evident tophaceous gout 2 (7.4)

Hypertension 9 (33.3)

Diabetes mellitus 4 (14.8)

Renal impairment 1 (3.7)

Obesity (BMI≥30) 7 (25.9)

Serum uric acid (mg/dl) 10.51±1.63

Serum creatinine (mg/dl) 0.99±0.27

24 h urinary uric acid (mg/24) 383.33±52.56

WBCs (103/μl) 12.26±3.33

ESR (mm/h) 36.70±12.75

CRP (mg/dl) 7.98±13.23

Number of MRI studies

Feet 23

Ankles 18

Knees 5

Hands and wrists 4

Total 50

MRI findings (number of lesions)

Capsular thickening 19 (70.4)

BME 15 (55.6)

STE 20 (74.1)

Joint effusion 21 (77.8)

Bone erosions 17 (63.0)

Cartilaginous erosions 4 (14.8)

Tenosynovitis 9 (33.3)

Synovial thickening 7 (25.9)

BMI body mass index, ESR erythrocyte sedimentation rate, WBCs white
blood cells, CRP C-reactive protein, BME bone marrow edema, STE soft
tissue edema

Table 2 Correlation between serum uric acid levels and demographic,
laboratory findings and MRI features observed

Variable Serum uric acid levels

r p

Age (years) 0.016 0.935

Disease duration (months) −0.139 0.490

Number of gouty attacks 0.270 0.174

Number of joints involved 0.294 0.137

ESR first hour (mm/h) 0.226 0.256

CRP (mg/dl) −0.335 0.087

Capsular thickening 0.552 0.003**

BME 0.668 <0.0001**

STE 0.559 0.002

Joint effusion −0.195 0.330

Bone erosions 0.203 0.310

Cartilaginous erosions 0.152 0.449

Tenosynovitis 0.513 0.006**

Tophi 0.262 0.187

ESR erythrocyte sedimentation rate, CRP C-reactive protein, BME bone
marrow edema, STE soft tissue edema
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(71 %), erosions in 35 (69 %), BME in 27 (53 %), synovitis in
15 (29 %), tenosynovitis in 8 (16 %), and tendinosis in 2
(4 %). Uncomplicated gout and gout plus osteomyelitis did
not differ for most MRI features. However, Bsevere BME^
was muchmore common in gout plus osteomyelitis, occurring
in 14/15 scans (93 %) compared with 3/36 scans (8 %) in
uncomplicated gout (OR 154.0, 95 % CI 14.7–1612,
p<0.0001). Sensitivity and specificity of severe BME for con-
comitant osteomyelitis were 0.93 (95 % CI 0.68–0.99) and
0.92 (95%CI 0.78–0.98), respectively [18]. The later findings
need to be confirmed in further studies that incorporate larger
number of patients.

In our study, MRI showed evidence of cartilaginous ero-
sions in four patients. Cartilage damage is frequently observed
in advanced destructive gout. MSU crystals have profound
inhibitory effects on chondrocyte viability and function.
Interactions between MSU crystals and chondrocytes may
contribute to cartilage damage in gout through reduction of
chondrocyte viability and promotion of a catabolic state. It
was reported that MSU crystals rapidly reduced primary
human chondrocyte and cartilage explant viability in a
dose-dependent manner. Moreover, cartilage explants cul-
tured with MSU crystals had a greater percentage of dead
chondrocytes at the articular surface compared to untreated
cartilage (p=0.004). Relative mRNA expression of type II
collagen and the cartilage matrix proteins aggrecan and
versican was decreased in chondrocytes following culture
with MSU crystals. In joints affected by gout, normal
cartilage architecture was lost, with empty chondrocyte
lacunae observed [19].

In the most recent work, Carter et al. [20] determined the
percentage of patients with intercritical gout who have chronic
synovial-based inflammation as evidenced by synovial
pannus on a contrast-enhanced MRI of their most involved
joint and determine if the presence and/or severity correlates
with their serum urate levels. Although the authors found that
the majority of patients with intercritical gout have evidence
of chronic synovial-based inflammation, yet the presence and
severity of this inflammation detected by enhanced MRI was
not correlated with serum urate levels. In our study, all cases
have already established gouty arthritis, and we observed pos-
itive correlations between serum uric acid levels and various
MRI findings like capsular thickening (r=0.552, p=0.003),
BME (r=0.668, p≤0.0001), STE (r=0.559, p=0.002), and
tenosynovitis (r=0.513, p=0.006). In our study, we did not
find ankyloses as found in a few joints in a study with com-
bination of radiography and CT scanning in 800 joints of 20
patients with mostly tophaceous gout [21, 22]. We restricted
ourselves to joints with active inflammation, and these will
generally not be ankylotic joints.

Gerster and colleagues have suggested that CT provides
more specific images than US or MRI for assessment of tophi
[14]. In other study, in individual joints in patients with

chronic gouty arthritis with CT, a strong relationship was dem-
onstrated between bone erosion and intraosseous tophus.
There was also a strong correlation between the CT erosion
diameter and the intraosseous tophus diameter in individual
joints (p<0.0001) [23]. Recently, dual-energy CT (DECT)
showed high sensitivity and specificity for the identification
of urate crystals and diagnosis of acute gout. The risk factors
for uric acid deposition include the disease duration, serum
uric acid levels, the presence of tophi, and bone erosion
[24]. In recent work, Shi et al. [25] evaluated the tophus urate
volume, erosion volume, and the erosion score measurements
in patients with gout by using DECT scans to compare the
bone erosion volumes against bone erosion scores to deter-
mine a valid measure of joint destruction in chronic gout. The
authors reported a strong positive correlation between individ-
ual erosion volumes and scores (p<0.001) as well as total
erosion volume and score per patient (p<0.001). The authors
suggested that the erosion volumes show to be a more direct
and accurate method to evaluate bone erosion compared with
erosion score, strongly supporting it as a superior and standard
measure of structural joint damage in gout.

In a review, McQueen et al. summarize that high-resolution
computed tomography is useful in investigating the relation-
ship between bone erosions and tophi. Magnetic resonance
imaging and ultrasonography can image the inflammatory na-
ture of gouty arthropathy, revealing synovial and soft tissue
inflammation, and can provide information about the compo-
sition and vascularity of tophi. Dual-energy computerized to-
mography is able to identify tophi by their chemical compo-
sition and reveal even small occult tophaceous deposits. All
modalities could have important clinical applications in the
patient for whom aspiration of monosodium urate crystals
from the joint is not possible. Imaging can also provide out-
come measures, such as change in tophus volume, for moni-
toring the response to urate-lowering therapy [26].

In our opinion, MRI study is superior compared to CT due
to its ability to detect important signs that cannot be visualized
with the use of CT like BME, minute cartilaginous erosions,
and hypertrophic synovial inflammation in post contrast MR
images with no exposure to ionizing radiation.

Likewise in our study, joints affected by tophi, synovial
thickening, effusions, and bone erosion may be present, with
BME adjacent to tophi [7, 12, 13]. Regarding hand joints,
MRI studies have also shown that urate deposits spread along
compartmental and fascial planes, rather than in a radial
pattern in hand joint [7]. In a series of patients showing
unexplained limitation of the knee joint, MRI was useful
to evaluate tophaceous urate deposition as the cause of
such limitation [27].

Epidemiological and experimental studies have shown that
hyperuricaemia and gout are intricately linked with hyperten-
sion, metabolic syndrome, chronic kidney disease, and cardio-
vascular disease.
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Hyperuricaemia and gout are independent risk factors for
the development of these conditions and that these conditions
account, in part, for the increased mortality rate of gouty
patients [28]. For developing gout attacks, the serum urate
level and specific crystal properties, i.e. specific crystal
stereochemical/conformational properties, both are of im-
portance [29]. Moreover, many crystals may be found in
arthritic joints. Rheumatologists are able to diagnose, with
a high degree of probability, which crystals induce arthritis
in the individual case. A definite diagnosis supported by
polarized microscopy may provide a firm basis for adequate
long-term treatment and tight disease control [30].

Conclusion

MRI is a sensitive modality that can visualize the whole pa-
thology related to gouty arthritis even in asymptomatic joints.
In our opinion, MRI is generally superior compared to CT due
to its ability to detect important signs that cannot be visualized
with the use of CT like BME, minute cartilaginous erosions,
and hypertrophic synovial inflammation in post contrast MR
images with no exposure to ionizing radiation.
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