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ABSTRACT

Objectives: We sought to examine the frequency and patterns of monosodium urate (MSU) crystal deposition in the
hand/wrist in non-acute gout patients using dual-energy computed tomography (DECT).

Methods: All hand/wrist DECT imaging data of patients with chronic tophaceous gout undergoing their first
examination before dissolution therapy from March 2015 to March 2019 were identified. Cases without positive
MSU crystal deposition were excluded. The reports and images of the positive cases were retrospectively analysed,
and the anatomical locations of all urate crystal depositions were recorded.

Results: A total of 48 cases were identified with positive findings. Thirty of the cases had undergone DECT of both
hands, and 18 had undergone DECT of a single hand. In total, 60 hands/wrists had flexor tendon involvement. The
carpal joints were the most commonly involved site (78.2%). The carpal tunnel was the most commonly involved soft
tissue site in the hand and wrist (71.8%), followed by the fourth (55.1%) and fifth (53.8%) extensor compartments.
The second digit extensor digitorum (47 4%) was the most commonly involved sofft tissue site in the hand while the
Sourth digit flexor digitorum was the most commonly (46.2%) involved flexor tendon in the hand. In the hand and
wrist soft tissue sites, extensor pollicis brevis (11.5%), flexor carpi ulnaris (11.5%) and extensor compartment [
(11.5%) were involved least commonly. We found Zones 11 (75%) and IV (78.3%) to be the most commonly involved
flexor tendon zones in the hand.

Conclusion: In this observational study, we have provided a detailed analysis of hand and wrist urate distribution
in gout.
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INTRODUCTION

Gout is a disease associated with deposition of
monosodium urate (MSU) crystals. Acute gouty arthritis
is characterised by the rapid onset of severe pain,
swelling, warmth, erythema, and decreased range of
motion in the affected joint.! Chronic tophaceous gout is
associated with progressive joint damage, chronic pain,
and disability.

The diagnosis of gout has been based on clinical
presentation, laboratory results, joint aspiration, and
imaging. Patients typically present with mono-articular
arthritis, often affecting the first metatarsophalangeal
(MTP) joint.2 Hyperuricaemia is an inconsistent finding.
Patients may have ‘normal’ serum urate levels during an
acute gout attack. Some patients may have ‘asymptomatic
hyperuricaemia’ without clinical manifestations of goutor
urate crystal deposition.’ The gold standard for diagnosis
of gout is presence of birefringent MSU crystals from
the joint aspirate. However, joint aspiration is a painful
invasive procedure and may be false-negative for MSU
crystals even when acute gouty arthritis is present.

Various imaging modalities have been used for the
diagnosis of gout, such as radiography, ultrasound,
computed tomography (CT), and magnetic resonance
imaging (MRI). On plain X-ray, ‘punched-out’ erosions
with overhanging edges are a typical manifestation
of chronic gout. Ultrasound features of gout include

88

joint effusion, synovitis, erosions, tophi, crystalline
aggregates and the ‘double contour sign’ which is
existence of a hyperechoic band over anechoic cartilage.*
MRI features of gouty arthropathy are variable and
nonspecific including tophi with variable intensity on
T1-weighted or T2-weighted sequences and variable
enhancement pattern.’ These imaging modalities are
not highly sensitive or specific for identifying MSU
crystals.

Dual-energy CT (DECT) is advanced technology that
enables excellent visualisation of soft tissue structures,
such as tendons, ligaments, and bursae. It has been used
for the non-invasive diagnosis of established gout with
high sensitivity and specificity. DECT depends on an
accumulation of MSU crystals and is not particularly
accurate for determining acute, early gout. DECT is
particularly helpful in accurate quantification of MSU
deposits and for follow-up. The hand and wrist are
common sites of gouty crystal deposition. However, MSU
involvement of bone/joint and soft tissue in the hands
and wrists has not been systematically characterised.

The aim of this study was to examine the frequency and
patterns of bone/joint and soft tissue involvement in the
hand and wrist of patients with gout using DECT. We
hope to improve understanding of the pathogenesis,
prompt diagnosis, and management of gout with more
detailed knowledge of urate deposition in this disease.
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METHODS

This was a retrospective, observational study. In our
hospital, patients with chronic tophaceous gout are
referred for DECT from the Department of Orthopaedics
for pretreatment assessment. Referred patients
undergoing their first DECT of the hand and wrist
between March 2015 and March 2019 were identified
via the electronic health records system. Cases with
positive MSU crystal deposition in the hand and wrist
were included.

Scans were performed using our dual-source DECT
scanner (Siemens SOMATOM Definition Flash).
Parameters were 140 kV for one tube and 80 kV for
the other. A two-material decomposition algorithm
was performed on a multi-technique CT workspace.
The material-specific difference in attenuation of urate
between the two energy levels at 80 kV and 140 kV

Table 1. Urate distribution by anatomical structure in the wrist.

Site Affected cases (n = 78)*
Radiocarpal joint 36 (46.2%)
Ulnocarpal joints 38 (48.7%)
Carpal joints 61 (78.2%)
Palmar side
Carpal tunnel 56 (71.8%)
Flexor carpi ulnaris 9 (11.5%)
Flexor carpi radialis 35 (44.9%)
Dorsal side
Extensor compartment | 9(11.5%)
Extensor compartment |l 14 (17.9%)
Extensor compartment Il 12 (15.4%)
Extensor compartment IV 43 (565.1%)
Extensor compartment V 42 (53.8%)
Extensor compartment VI 29 (37.2%)

* Data are presented as No. (%).

Figure 1. Dual-energy computed tomography image showing
involvement of tendons, soft tissue and joints in a patient with
tophaceous gout. Three-dimensional volume-rendered image
demonstrating monosodium urate crystal deposition in the flexor
digitorum |-V tendons and the carpal tunnel.
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allowed accurate detection of MSU, which was then
colour coded as green and fused onto the standard
greyscale CT image. These were reviewed as both cross-
sectional and three-dimensional images.

We analysed the reports and images of the positive
cases, with locations of all urate deposition recorded
and classified by anatomical location. MSU crystal
deposition in DECT scans were scored at the tendon
sites, joints, carpal tunnel, and flexor tendon anatomic
zones according to the classification of Kleinert et al” and
Verdan.? Zone V (from the musculotendinous junction
to the proximal aspect of the carpal tunnel) was not
included in the analysis because it was not completely
included in the scan range in some of the cases.

RESULTS

Among 73 referred patients undergoing first DECT of the
hand and wrist during the study period, 48 patients were
identified with positive findings who met the inclusion
criteria. Patients with positive findings consisted of
47 men and one woman with median age 61 years
(range, 31-89 years). Among them, 30 patients
underwent DECT of both hands and 18 patients
underwent DECT of a single hand. Therefore, a total of
78 wrists and hands were affected.

As shown in Table 1, the carpal tunnel was the most
commonly involved soft tissue site at the wrist (71.8%)
[Figure 1], followed by the fourth (55.1%) and fifth
(53.8%) extensor compartments (Figure 2). In the

Figure 2. Dual-energy computed tomography image showing
involvement of tendons and soft tissue in a patient with tophaceous
gout. Two-dimensional axial image shows monosodium urate
crystal deposition (green) at extensor compartment V-VI and distal
radioulnar joint.
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hands, the second digit extensor digitorum tendon was
the most commonly (47.4%) involved soft tissue site
in the hand, while the fourth digit flexor digitorum was
the most commonly (46.2%) involved flexor tendon
in the hand (Table 2). The intercarpal joints were the
most commonly involved site (78.2%). A total of 60
(77%) of the 78 hands/wrists studied had flexor tendon
involvement. Zones II (75%) and 1V (78.3%) were the
most commonly involved flexor tendon zones (Table 3).

DISCUSSION

The reported prevalence of gout in Hong Kong has risen
continuously over the past decade. In 2016, the crude
prevalence of gout in Hong Kong was 2.9%, which is
similar to rates reported in Western countries.’

A few studies about the distribution of gout have shown
that the lower extremity is more often affected than
the upper extremity.'>!? Gout in the first MTP joint is
accepted as the most common site of involvement in
clinical and radiographic studies.”** A DECT study of
148 newly diagnosed gout patients showed the first MTP

Table 2. Urate distribution by anatomical structure in the hand.

Site Affected cases (n = 78)*
First metacarpophalangeal joint 26 (33.3%)

Other metacarpophalangeal joints 58 (74.4%)
(second to fifth)

Interphalangeal joints 46 (59.0%)

Palmar side
Flexor digitorum | 29 (37.2%)
Flexor digitorum I 23 (29.5%)
Flexor digitorum Ill 21 (26.9%)
Flexor digitorum IV 36 (46.2%)
Flexor digitorum V 36 (46.2%)
Dorsal side

Extensor pollicis brevis 9 (11.5%)
Extensor pollicis longus 10 (12.8%)
Extensor digitorum I 37 (47.4%)
Extensor digitorum |l 36 (46.2%)
Extensor digitorum IV 14 (17.9%)
Extensor digitorum V 20 (25.6%)

* Data are presented as No. (%).

Table 3. Urate distribution in different flexor tendon anatomic
zones.

Zone Affected cases (n = 60)*
I 28 (46.7%)

Il 45 (75.0%)

Il 35 (568.3%)

\Y, 47 (78.3%)

Tl 16 (26.7%)

Tl 18 (30.0%)

T 4 (6.7%)

* Data are presented as No. (%).
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joint to be the most common site of urate deposition
(44.6%) and much more common than other MTP joints
(17.6%). We found that gout affecting the first MCP
joint is less common than the other MCP joints.

Our study shows that MSU crystal deposition in the hand
and wrist is most common in the carpal joints (78.2%),
followed by the MCP joints (75.6%), and interphalangeal
joints (59%). This is comparable to previous studies.
Research done by Mallinson et al'® reviewing 148 DECT
cases for the distribution of urate deposition showed that
carpus (12.5%) also had higher urate deposition than
interphalangeal joints (6.4%) and MCP joints (7.4%).
Our study has a much higher prevalence of positive
findings than Mallinson et al,'” which included DECT
images of hands/wrists, feet/ankles, elbows, and knees,
whereas our study focused only on the hands and wrists.
Another study on DECT of 97 patients with gout also
showed that the carpal joints (56.7%) had a higher rate
of urate deposition than the metacarpophalangeal joints
(42.3%).

Our results show that MSU crystal deposition in the
tendons of the hands/wrists is very common in patients
with gout. A previous DECT study of tendon involvement
in the feet of 92 patients with gout also found common
tendon/ligament involvement in about 65% of feet.'® The
exact mechanism on why there is crystal deposition on
tendons is not known. Biomechanical strain as a result
of the pressure burden on these tendons may contribute
to crystal deposition.!” Spontaneous rupture of tendons
secondary to gouty tophaceous deposits can occur.!3!
MSU crystal deposition in hands/wrists can affect
function. In a study of 20 patients with gout, tophaceous
joint disease strongly predicted impaired hand function.?
The number of joints in the hand with tophi was the
strongest single predictor of the Sollerman score, and
also predicted other measures of hand mobility and
function. Kleinert et al’ and Verdan® have classified
tendon injuries into five anatomic zones which can have
impact on flexor tendon injury treatment and prognosis.
Our study analysed MSU crystal deposition in four of the
five different flexor tendon anatomic zones. We found
zones II (75%) and 1V (78.3%) were the most commonly
involved flexor tendon zones in the hand.

We found that 48.7% of the cases had MSU crystal
deposition in the ulnocarpal joints. Another DECT study
of 97 patients with gout showed 54.6% of patients had
urate deposition in the triangular fibrocartilage complex/
distal radioulnar joint."” This is similar to our study. A
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study on arthroscopic findings of seven patients with
wrist gout found focal crystalline precipitates on the
scapholunate and lunotriquetral ligaments but not on the
triangular fibrocartilage complex.?!

We found that the carpal tunnel was the most commonly
involved soft tissue site in the hand and wrist (71.8%).
Urate deposition in the carpal tunnel can cause secondary
carpal tunnel syndrome .>>?*

DECT has relatively high sensitivity and specificity
for the diagnosis of gout. Sensitivity and specificity
for DECT was 100% and 79% to 89%, respectively in
a study of 31 patients who underwent both DECT and
joint aspiration.* A meta-analysis of seven studies found
DECT to have a sensitivity of 88% and specificity of
90% for gout.”

Our study has some limitations. It was retrospective with
a small number of cases and all DECT examinations
were evaluated by a single radiologist. Patients
were recruited from orthopaedic clinics, where their
gout may have been partially treated. All included
patients had chronic tophaceous gout, which is usually
associated with a number of co-morbidities, including
hypertension, cardiovascular disease, renal impairment,
diabetes, obesity, and hyperlipidaemia. So, this may
contribute to selection bias. Smaller concentrations of
MSU may not be accurately seen on DECT,* so it is
possible that small MSU crystal deposits may not have
been detected his method. False-negative results can also
occur in tophi with lower crystal concentrations. In short,
the population of the study is heterogeneous and small.
Further multicentre studies with more patients would be
helpful to confirm our findings.

CONCLUSION

In this study, we have provided a detailed analysis of hand
and wrist urate distribution in gout. Our study supports
that gout affects different locations within the soft tissue
and joints with predilection for particular areas.
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