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sureable attenuation difference, and this dif-
ference in attenuation, in turn, enables urate 
detection and separation from adjacent cal-
cium and soft tissues. Urate and calcium can 
then be coded different colors and fused over 
the regular gray-scale CT images to produce 
a highly accurate map of the urate within the 
body: Sensitivities of 78–100% and specifici-
ties of 89–100% have been reported [7–9].

However, not all material color coded as 
urate on DECT images corresponds to likely 
or actual locations of urate deposition. Re-
ported sites of such artifact include the skin, 
nose, calluses, nail bed, tissues around ar-
throplasties, and the flexor and peroneal ten-
dons [8, 10, 11]. These artifacts have the po-
tential to lead to a false-positive result if not 
recognized by the reporting radiologist.

DECT is a valuable new tool for the diag-
nosis of gout. Our aim in this study was to 
evaluate the incidence of the various types of 
artifacts in DECT performed to evaluate for 
suspected gout, provide a guide for the report-
ing radiologist to use to identify these artifacts, 
and discuss artifact-reduction techniques.

Materials and Methods
This study was approved by the research ethics 

board and patient consent was obtained to review 
patient records and images. There was no indus-
try or commercial financial support provided for 
this study.

In our institution, a four-limb DECT protocol 
is performed of patients with suspected gout. This 
gout protocol comprises four sets of paired imag-
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G
out is an inflammatory arthropa-
thy that is characterized by acute 
attacks of joint pain and swelling 
in the early stages and by joint 

destruction, renal disease, and possibly car-
diac disease in the late stages [1, 2]. Classi-
cally diagnosis has been clinical, with the 
clinical findings being supported by joint as-
piration and microscopy results showing the 
characteristic negatively birefringent crys-
tals [3]. Aspiration is considered the refer-
ence standard but is invasive, with the risk of 
potential complications [4]. The clinical di-
agnosis of gout can be difficult because of 
coexistent and mimicking conditions such as 
osteoarthritis, rheumatoid arthritis, and in-
fection. DECT offers a rapid, noninvasive, 
and sensitive method of urate detection that 
can negate the need for invasive procedures 
and can detect gout in the preclinical stages 
[5–7]. Detection of gout in the preclinical 
stages allows early diagnosis and treatment, 
and treatment, in turn, has the potential to re-
duce the chance of long-term musculoskele-
tal, cardiac, and renal complications.

A DECT scanner works by simultaneous-
ly scanning the subject at two different en-
ergy levels using two x-ray sources and cor-
responding detector arrays within the same 
gantry. For many tissues, the beam attenua-
tion does not vary significantly with the ener-
gy level range used for diagnostic CT. How-
ever, in some substances, including urate and 
calcium, the difference in photoelectric ef-
fect between the two levels creates a mea-
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OBJECTIVE. The objective of our study was to discover the types and incidence of arti-
facts in dual-energy CT (DECT) using datasets of 50 consecutive patients who underwent a 
four-limb DECT protocol for the evaluation of suspected gout. Identification of artifacts and 
techniques for artifact reduction are discussed.

CONCLUSION. Artifacts commonly occur in DECT performed for gout assessment 
but are usually readily recognizable. For 90% of the patients in our study who underwent 
imaging for suspected gout, DECT showed some type of artifact, with nail bed and skin 
artifacts being the most common.
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es of the hands and wrists, elbows, knees, and feet 
and ankles. The protocol settings are outlined in 
Table 1. Figure 1 shows the typical FOVs acquired 
during reformatting.

These studies are acquired using a DECT scan-
ner (Somatom Definition [a dual-source 128-
MDCT scanner], Siemens Healthcare). Data are 
simultaneously acquired at 80 and 140 kV and 
are then processed on a multimodality worksta-
tion (Syngo, Siemens Healthcare) with software 
(Syngo VE50A, Siemens Healthcare) using a two-
material decomposition algorithm. The software 
color-codes monosodium urate as green, cortical 
bone as blue, and trabecular bone as pink and then 
fuses these color codes findings onto the standard 
gray-scale CT images. Images are displayed in ax-
ial, sagittal, coronal, and 3D reconstructions.

Fifty consecutive patients who underwent imag-
ing with the DECT gout protocol over an 8.5-month 
period (January 26 to October 9, 2012) were iden-
tified retrospectively using an electronic search of 
our institution’s in-house report database for the key-
words “dual energy” and “gout.” The inclusion cri-
teria were that patients had undergone a full DECT 
gout protocol with the indication of suspected gout. 
Patients were excluded if they underwent only part of 
the gout protocol or if they were scanned for prima-
ry indications other than gout. Three patients were 

excluded because of a technical failure that prevent-
ed review of any of the gout protocol image series. 
Several individual study parts could not be reviewed 
because of loss of dual-energy data on the system: 
two pairs of elbows, two pairs of knees, four pairs 
of hands, and two left hands. In addition, two pairs 
of elbows were not imaged because of technical dif-
ficulties at the time of scanning. Therefore, DECT 
examinations of a total of 44 pairs of hands and 
wrists, two right hands and right wrists, 46 elbows, 
48 knees, and 50 feet and ankles were reviewed.

Each case was double-read by two musculo-
skeletal radiologists with 7 and 30 years’ expe-
rience who had undergone identical training to 
identify artifacts on DECT of patients with sus-
pected gout. For two cases in which a discrepancy 
existed, agreement was reached by consensus. Ul-
timately, there was therefore no variation between 
the observers.

Artifacts were defined by the criteria listed in 
Appendix 1; these criteria are based on the obser-
vations of this study and others [8, 10, 11].

Results
Twenty-eight (56%) cases were positive for 

gout. Forty-five (90%) of the cases showed 
some form of artifact. The types and incidenc-
es of each artifact are summarized in Table 2.

The distribution of the skin and nail bed ar-
tifacts between the upper and lower limbs is 
shown in Table 3. It is noteworthy that no skin 
artifact was identified in the elbows or knees.

Submillimeter specks, most likely due to 
noise, were found exclusively in the soft tis-
sues rather than bone. Typically submillime-
ter artifact was within the muscular compart-
ments, but it was seen in a blood vessel in one 
case and in a knee meniscus in another case.

Beam-hardening artifact was caused by a 
source outside the scanned area in two cas-
es; by jewelry (rings) in three cases; and by 
a radial buttress plate, a total knee replace-
ment, and a surgical staple in once case 
each, respectively.

The “other” artifacts were associated with 
calcified vessels in four cases, bone cortex in 
one case, and motion artifact in one case.

Discussion
Artifact Types

Nail bed artifact—The most commonly 
encountered artifact was in the nails and nail 
beds of the feet and was seen in the major-
ity of cases (76.0% of feet and 88.0% of pa-
tients) (Fig. 2). However, it was less common 
in the hand (3.3% of feet, 4.3% of patients). 

TABLE 1: Settings for Upper and Lower Limb Dual-Energy CT (DECT) Gout Protocol

Parameter

Body Part

Elbows Wrists and Hands Knees Ankles and Feet

Tube A Tube B Tube A Tube B Tube A Tube B Tube A Tube B

Effective CTDIw 8.7442 8.7442 10.2119 10.2119 11.503 11.503 11.503 11.503

Effective tube current–time product (mAs) 202 101 236 118 248 124 248 124

Pitch factor 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70

Quality reference tube current–time product (mAs) 202 101 202 101 249 124 249 124

Rotation time (s) 0.330 0.330 0.330 0.330 1.000 1.000 1.000 1.000

Slice width, collimated (mm) 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

Tube voltage (kV) 80 140 80 140 80 140 80 140

Note—CTDIw = weighted CT dose index.

TABLE 2: Incidences and Types of 
Artifact Identified on  
Dual-Energy CT 

Artifact

Patients (n = 50)

No. %

Nail bed 44 88

Skin 22 44

Submillimeter 14 28

Beam hardening 8 16

Other 6 12

TABLE 3: Incidences and Distribution of Skin and Nail Bed Artifacts on  
Dual-Energy CT 

Artifact

Extremities Patients

No. % No. %

Skin

Hand 4/90 4.4 2/46 4.3

Foot 36/100 36 21/50 42

Nail bed

Hand 3/90 3.3 2/46 4.3

Foot 76/100 76 44/50 88
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This artifact may be due to a similarity in the 
dual-energy index values—that is, the value 
calculated from attenuation change with en-
ergy level—of the keratinous nail bed and of 
monosodium urate.

Skin artifact—Skin artifact was also 
prevalent in the feet (36% of feet and 42% of 
patients) but, again, was less common in the 
hand (4.4% of hands and 4.3% of patients) (Fig. 
3). No skin artifact was seen at the knees or 
elbows. The prevalence of skin artifact in the 
feet may relate to a relatively larger amount 
of thickened and callused skin in the feet. 
This theory is supported by the occurrence 
of artifact where two cutaneous surfaces are 
opposed—for example, between the digits or 
heels. Although tophaceous gout deposits are 
known to affect the skin, their morphology is 
typically that of nodular chalky masses, not 
a thin, even layer following the skin, as was 
observed in this study.

Submillimeter artifacts—Submillimeter 
artifacts may be single or may form part of 
a diffuse pattern of the scatter (Fig. 4). They 
are thought to occur as a result of and as a 
form of noise. However, if multiple tiny foci 
are seen in an anatomic distribution, such as 
along a tendon, then true deposition should 
be considered.

Anecdotally, we noted that when thin-
slice data were processed using the urate al-
gorithm, a uniformly green, finely pixelated 
pattern occurred diffusely throughout the 
skin of the hands, supporting the theory of a 
link between noise and gout artifact.

Beam hardening—Observations from this 
study show beam-hardening artifact is com-
mon where beam hardening is present, ei-
ther from inside or outside the scanned im-
age (Fig. 5). This artifact follows the path of 
the hardened beam and is confined to it. This 
phenomenon was seen within cortical bone 
of the radial head in one case. The fact that 

this isolated linear pattern was confined to 
the cortex in this case made intraarticular or 
intraosseous gout unlikely.

A single case from this study shows that ar-
tifact may be associated with motion. The key 
factor in interpreting this finding as artifact 
was the distribution through and restricted to 
a nonanatomic plane that corresponded to the 
blurred artifact plane on standard CT (Fig. 6).

An interesting “artifact” was noted within 
calcified vessels in four cases (Fig. 7). Three 
of the four cases showed a convincing urate 
deposition elsewhere in the lower limb, but 
the sample size is too small for a meaning-
ful statistical correlation. A recent review sug-
gested that urate may play a role in vascular 
endothelial dysfunction [12]. Frank cardiovas-
cular urate deposits have been reported in the 
coronary and intraabdominal arteries, but not 
widely, and a review of 11 necropsied cases 
failed to show any urate in the peripheral ves-
sels [13]. It is thought that noise within small 
structures may contribute to vascular artifact.

The high prevalence of artifact in DECT of 
suspected gout would make false-positives a 
common problem in the absence of their rec-
ognition. It is likely that there are times when 
artifacts are indistinguishable from true gout 
signals; this possibility would account for the 
results of previous studies showing DECT has 
less than 100% specificity for gout. It would 
seem logical that because urate deposition is 
a continuous, not discrete, process, some sub-
millimeter deposits could represent tiny de-
posits of true gout. Gouty tophi can be found 
within the skin and therefore so potentially 
could true gout signals. If beam hardening 
was not well identified—for example, if the 
artifact was diffuse or the study was noisy, 
then the resulting artifact could be misinter-
preted. However, we believe that in most cas-
es, artifacts in the DECT gout protocol are 
readily recognizable, allowing a high speci-

ficity for gout when the reporting radiologist 
is aware of these potential artifacts.

Artifact-Reduction Techniques
Reduction of artifacts in dual-energy 

scanning can be achieved in several ways 
(Table 4): physical adjustments of the patient 
at the time of scanning, adjustment of gan-
try speed, the use of kernels, and adjustment 
of settings at the workstation using the ad-
vanced parameter definition table.

Kernels—Different kernels (i.e., special-
ized reconstruction algorithms) can be used 
to optimize the views of the anatomic struc-
ture of interest. Kernels act as filters that can 
smooth the image and reduce or eliminate 
beam-hardening artifacts. On the Siemens 
system we used for this study, Q algorithms 
use iterative reconstruction to achieve noise 
reduction and also eliminate beam-hard-
ening artifacts. D kernels use filtered back 
projection. D34F is a specific kernel to re-
duce beam hardening from bone. Q kernels 
are probably superior to D kernels, although 
no formal comparison has yet been made in 
clinical studies to our knowledge.

Parameters—Adjustments can be made to 
the image by the radiologist at the time of 
interpretation using the DECT software ad-
vanced parameter definition table (Fig. 8). 
The optimal settings have been determined 
by in vivo and in vitro studies and are preset 
by the manufacturer; however, small adjust-
ments by the radiologist can help reduce arti-
fact in some situations as defined in Table 4.

The graph in the advanced parameter defi-
nition table (Fig. 8) is a plot of the attenuation 
of each voxel at 80 kV (y-axis) against the at-
tenuation of each voxel at 140 kV (x-axis). The 
two-material decomposition algorithm sepa-
rates the calcium and urate based on the dif-
ferent change in attenuation of each substance 
between the two energy levels, which is inde-

TABLE 4: Artifact-Reduction Methods by Artifact Type

Artifact Type Artifact-Reduction Methods

Motion • Use tape or blocks to immobilize the patient’s limbs
• Increase the speed of the gantry from 1 rotation per second to 1 rotation every 0.3 s

Single pixel • Use D24 kernel or Q34 kernel (iterative reconstruction)
• Increase Range parameter from 3 to 5

Beam-hardening and metal • Use D24, D34, or Q34 kernel to reconstruct
• Remove metal (e.g., jewelry) where possible

Nail bed, skin, plantar fascia • Increase Air Distance parameter from 5 to 10
• Decrease Bone Distance parameter from 10 to 5
• Use D33 kernel to reduce skin artifact

Vascular • Increase Minimum and Range parameters
• Add a new reconstruction with a softer kernel (D20 or D24) or add iterative reconstruction (e.g., Q30)
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pendent of the density of the tissue. The blue 
baseline line divides calcium (trabecular bone 
and cortical bone), which lies above the line, 
from monosodium urate, which falls below 
the line. Soft tissue acts as the baseline. 

The Soft Tissue setting (Fig. 8) refers to 
density and represents the apparent attenu-
ation of soft tissue at the two energy levels 
used by the machine. We recommend using 
the preset value of 50 HU.

The Ratio setting (Fig. 8) adjusts the weight-
ing between the two energy levels used to cre-
ate the image and adjusts the slope of the graph. 
This setting alters differentiation between uric 
acid and calcium (cortical bone and trabecular 
bone). Adjustments to ratio improve sensitivity 
at the expense of specificity and vice versa. In-
creasing the ratio increases sensitivity, and de-
creasing improves specificity.

The Range setting (Fig. 8) adjusts the 
smoothness of the image at the expense of edge 
enhancement. Increasing the range will result 
in a smoother but less edge-enhanced picture 
and can thus improve artifact based on noise.

The Minimum and Maximum settings 
(Fig. 8) define the range over which the du-
al-energy index calculation occurs. Adjust-
ments can reduce vascular artifact (Table 4).

The Air Distance and Bone Distance set-
tings (Fig. 8) represent the minimum dis-

tance between the urate and the air and bone 
in units of voxels. Small adjustments can re-
duce skin and nail bed artifacts (Table 4).

Conclusion
Artifacts, although common in DECT gout 

protocol, can usually be readily recognized, 
thereby avoiding false-positive results. Knowl-
edge of these artifacts is essential for the radi-
ologist to accurately report studies performed 
with this powerful new imaging modality.
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Fig. 1—Reformatted dual-energy CT (DECT) images of 63-year-old man with suspected gout shows typical 
scanning ranges for each body part imaged for gout protocol. Views show craniocaudal extent of scanning for 
each body part. FOV encompasses both limbs so they are viewed as pair.D
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A

Fig. 2—Nail bed artifact on dual-energy CT (DECT) images of 65-year-old man with 
suspected gout.
A and B, Nail bed artifacts (arrowheads) are visible on axial DECT image.
C, Nail bed artifacts (arrowheads) are visible on 3D DECT reconstruction.

B

C

A

Fig. 3—Skin artifact on dual-energy CT (DECT) images of patients with suspected 
gout.
A, Skin artifact (arrowhead) is seen in hallux on coronal DECT image of 32-year-old 
man. 
B, Skin artifact (arrowheads) is seen between two opposed toes on coronal DECT 
image of 74-year-old woman. 
C, Skin artifact (arrowhead) is seen between two opposed feet on coronal DECT 
image of 66-year-old man.

B

C
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Fig. 4—Submillimeter artifact (arrowheads) is seen 
on axial dual-energy CT (DECT) image of thighs of 
67-year-old woman.

A
Fig. 5—Beam-hardening artifact on dual-energy CT (DECT) images of patients with suspected gout.
A, Beam-hardening artifact (arrowheads) from source outside scanned area is visible on coronal DECT image of 51-year-old man. All of artifact lies along hardened beam 
path.
B and C, Beam-hardening artifact (arrowheads) from jewelry (ring) on finger is seen on 3D (B) and coronal (C) DECT views of 68-year-old woman. 
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A

Fig. 6—Artifacts on dual-energy CT (DECT) images of 
50-year-old man with suspected gout.
A, Artifact (arrowheads) secondary to motion is seen 
on standard sagittal CT image. 
B, Associated green artifact (arrowheads) is visible 
on sagittal DECT image.

B

A

Fig. 7—Likely arterial artifacts on dual-energy CT (DECT) images of 67-year-old man with 
suspected gout.
A, Likely arterial artifact in calcified vessels (arrowhead) is seen on 3D DECT image. 
B, Likely arterial artifact in calcified vessels (arrowhead) is visible on axial DECT image.

B

Fig. 8—Screen shot from dual-energy CT (DECT) software shows 
advanced parameter definition table. Optimal settings have been 
determined by in vivo and in vitro studies and are preset; however, 
small adjustments by radiologist can help reduce artifact in 
some situations. Graph is plot of attenuation of each voxel at 80 
kV (y-axis) against attenuation of each voxel at 140 kV (x-axis). 
Two-material decomposition algorithm separates calcium and 
urate based on different change in attenuation of each substance 
between two energy levels, which is independent of density of 
tissue. Blue baseline line divides calcium (trabecular bone and 
cortical bone), which lies above line, from monosodium urate, 
which falls below line. Soft tissue acts as baseline. 

APPENDIX 1: Artifacts in Dual-Energy CT (DECT) Gout Protocol Based on Observations From This Study and 
Others [8, 10, 11]

Artifacts in DECT Gout Protocol 
• Green coloring of nails or nail beds that is confined to the nails or nail beds
• Green coloring of the skin that is confined to the skin
• Coloring of single pixels or areas smaller than 1 mm 
• Coloring associated with beam-hardening artifact (confined to the plane of beam hardening) or motion artifact including artifact following 

and confined to areas of bone cortex
• Green coloring associated with calcified vessels
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