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Abstract
Objective MRI of small joints plays an important role in the early detection and early treatment of rheumatoid arthritis. 
Despite its sensitivity to demonstrate inflammation, clinical use is hampered by accessibility, long scan time, intravenous 
contrast, and consequent high costs. To improve the feasibility of MRI implementation in clinical practice, we introduce a 
modified Dixon sequence, which does not require contrast and reduces total acquisition time to 6 min. Because the reliability 
in relation to conventional MRI sequences is unknown, we determined this.
Methods In 29 consecutive early arthritis patients, coronal and axial T2-weighted modified Dixon acquisitions on 3.0 T 
MRI scanner were acquired from metacarpophalangeal 2–5 to the wrist, followed by the standard contrast-enhanced proto-
col on 1.5 T extremity MRI. Two readers scored osteitis, synovitis and tenosynovitis (summed as total MRI-inflammation), 
and erosions (all summed as total Rheumatoid Arthritis MRI Score (RAMRIS)). Intraclass correlation coefficients (ICCs) 
between readers, and comparing the two sequences, were studied. Spearman correlations were determined.
Results Performance between readers was good/excellent. Comparing modified Dixon and conventional sequences revealed 
good/excellent reliability: ICC for total MRI-inflammation score was 0.84 (95% CI:0.70–0.92), for erosions 0.90 (95% 
CI:0.79–0.96), and for the total RAMRIS score 0.88 (95% CI:0.77–0.94). The scores of total MRI-inflammation, total ero-
sions, and total RAMRIS were highly correlated (ρ = 0.80, ρ = 0.81, ρ = 0.82, respectively).
Conclusion The modified Dixon protocol is reliable compared to the conventional MRI protocol, suggesting it is accurate 
to detect MRI inflammation. The good correlation may be the first step towards a patient-friendly, short and affordable MRI 
protocol, which can facilitate the implementation of MRI for early detection of inflammation in rheumatology practice.

Keywords Magnetic resonance imaging · Dixon technique · Early arthritis · Fat saturation · RAMRIS · Acquisition time · 
Fluid-sensitive

Introduction

The additional value of magnetic resonance imaging (MRI) 
of the small joints in the phase of early detection of rheu-
matoid arthritis (RA) has been established, facilitating early 
diagnosis and early treatment in order to prevent damage. 
The European Alliance of Associations for Rheumatology 
(EULAR) and the American College of Rheumatology 
(ACR) have included MRI in their guidelines for the man-
agement of RA [1–3]. Many studies in early (undifferenti-
ated) arthritis and clinically suspect arthralgia have indeed 
shown the accuracy of imaging in early recognition of 
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(imminent) RA [4–7]. Of all inflammatory features, scored 
by the Outcome Measures in Rheumatology (OMERACT) 
Rheumatoid Arthritis Magnetic Resonance Imaging Scoring 
(RAMRIS) method, tenosynovitis has the highest predic-
tive accuracy for RA [4]. In addition, bone marrow edema 
is the best predictor for the development of bone erosions 
[8]. Despite the high accuracy and reproducibility of MRI, 
it is not in widespread used in daily rheumatology practice, 
mostly because of practical and financial concerns. Draw-
backs of the recommended sequence protocol are long acqui-
sition times, the need for contrast administration and inho-
mogeneous fat suppression due to magnetic susceptibility 
differences [9]. If we could overcome these disadvantages, 
MRI may become affordable, patient-friendly, and feasible.

Until now, in our department, early arthritis patients were 
scanned on a 1.5 T extremity MR, which has been replaced 
by a large bore 3.0 T MR. This interval opened the opportu-
nity to implement a 2-point modified-Dixon (mDixon) tech-
nique on 3.0 T and scan patients on both MRIs in order to 
compare this technique to our standard (contrast-enhanced) 
protocol. This is relevant as a large majority of the evidence 
on the value of MRI for the detection of joint inflamma-
tion is based on MRs made on a 1.5 T extremity MR [10]. 
Although MRI has been proven useful and its use is recom-
mended and international guidelines, conventional MRI is 
rarely used in clinical practice because of the mentioned 
disadvantages. A shorter and cheaper MRI protocol would 
make MRI feasible for rheumatologists. With this perspec-
tive of implementation of evidence obtained on 1.5 T MR in 
mind, we here sought to compare the conventional protocol 
at 1.5 T with the mDixon sequence at 3.0 T. We realize 
that we did not compare these sequences with the conven-
tional protocol at 3.0 T. However, in a separate study, we 
recently demonstrated an excellent reliability between the 
conventional contrast-enhanced MRI at 1.5 T and 3.0 T 
(ICC 0.90 for inflammation score) [11]. This study made 
clear the standard protocol can be compared between 3.0 T 
and 1.5 T MR scanners. Other comparison research also 
reported contrast-agent could not be omitted if our standard 
protocol is used [12]. Therefore, our aim is to make the next 
step towards the implementation of Dixon MRI techniques. 
Advantages of Dixon techniques in general include recon-
struction of images with variable fat and water weighting 
and its insensitivity to magnetic susceptibility differences 
[13–18]. With little “modification” of the Dixon technique, 
(mDixon) shorter acquisition times are allowed by using 
asymmetrical echoes that are used to synthesize images 
with variable fat and water components, rather than the 
in- and opposed phase methods of the original Dixon tech-
niques, using symmetrical echoes that are used to generate 
in or out of phase, fat only and water only images [15]. Our 
hypothesis is that a time-efficient mDixon-sequence with 
the option of multiple reconstructions, is as sensitive as the 

standard-imaging approach, but without the need of contrast 
and with reduction of scan time. We thus aimed to determine 
the reliability of these mDixon-sequences on MRI the hand 
of consecutively referred early arthritis patients.

Material and methods

Patients and methods

The Leiden Early Arthritis Clinic (EAC) cohort includes 
patients with clinically confirmed recent-onset arthritis [19]. 
These patients are Disease-modifying anti-rheumatic drugs 
(DMARD) naïve. Between 2019 and 2020, consecutive 
patients (n = 65) were asked to participate in this “compari-
son MRI study.” Twenty-nine patients agreed and underwent 
two consecutive hand MRI scans. Characteristics of partici-
pating patients are presented in Table 1. All patients gave 
written informed consent. The study was approved by the 
local medical ethical committee.

MR‑imaging

Unilateral-MRI of the wrist- and metacarpophalangeal 
(MCP)2–5-joints of the most painful side or dominant 
side, in case of equally severe symptoms, was performed. 
As NSAID medication can suppress inflammation, patients 
were asked not to use any NSAIDs during the 24 h before 
MRIs.

First, 3.0 T MRI using coronal and axial 2D mDixon 
sequences was performed, followed by 1.5 T extremity MRI 
with our standard protocol on the same day.

Table 1  Baseline characteristics of early arthritis patients included in 
the Early Arthritis Clinic (EAC)-cohort between 2019 and 2020

ACPA, anti-citrullinated protein antibodies; CRP, C-reactive protein; 
ESR, erythrocyte sedimentation rate; IQR, inter quartile range; MCP, 
metacarpophalangeal; RF, rheumatoid factor; SD, standard deviation; 
SJC, swollen joint count; TJC, tender joint count; wks, weeks
*  as evaluated in the RAMRIS score

Included “comparison MRI-study” early arthritis (n = 29)

Age, mean (SD) 60.5 (14.9)
Female, n (%) 12 (41)
Symptom duration (wks), median (IQR) 10.3 (7.3–15.3)
66-SJC, median (IQR) 3 (1–5.5)
Clinical wrist/MCP arthritis*, n (%) 20 (70)
68-TJC, median (IQR) 5 (2–8)
CRP mg/L, median (IQR) 6.9 (4.1–30.7)
ESR mm/h, median (IQR) 25 (7.5–44.5)
RF-positive, n (%) 7 (24)
ACPA-positive, n (%) 9 (31)
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mDixon MRI (3.0 T MRI, Philips, Best, the Netherlands). 
Patients were positioned supine with the hand beside the 
body, fixed in a dedicated coil with cushions. T2-weighted 
turbo spin-echo (TSE) 2-point modified (mDixon)-sequences 
in the coronal plane and axial plane were performed from 
the wrist to the MCP 2–5 joints. Post-processing included 
four reconstructions (in-phase, out-phase, water, fat) for 
each plane. The total acquisition time for the two mDixon 
sequences was ~ 6 min (Table 2).

Standard MRI (1.5 T extremity MRI, GE, Wisconsin, 
USA). Patients were positioned in a chair beside the scan-
ner, with the hand fixed in a 100 mm coil. Separate acqui-
sitions for MCP2-5 and wrist were made: T1-weighted 
TSE sequences (T1TSE) in the coronal and axial plane 
and after intravenous injection of Gd-chelate (gadoteric 
acid (Dotarem), Guerbet, Paris, France, standard dose 
of 0.1 mmol/kg), with frequency selective fat-saturation 
(T1GdFS) in the coronal plane and axial plane (Table 2). 
Total scan time ~ 30 min.

In this scan protocol, no fluid-sensitive sequences 
(T2-weighted TSE fat-suppressed or short tau inversion 
recovery (STIR))are included. Conventionally, this is rec-
ommended by the OMERACT RAMRIS study group to 
assess osteitis (bone marrow edema) [20]. However, based 
on earlier research in our department and in accordance with 
the European Society of Musculoskeletal Radiology recom-
mendations (ESSR), we used the T1GdFS sequence to assess 
osteitis in the wrist and MCP joints [21, 22]. An earlier com-
parison study from our group showed a high Signal to noise 
ratio (SNR) and good correlation between T2-weighted TSE 
fat-suppressed sequences and T1GdFS sequences (agree-
ment ICCs 0.80–0.99), prompting us to omit the fluid sensi-
tive sequence. Similar findings were found by other groups 
[23–25]. This choice and technical considerations were 
previously described in detail [26]. Evaluation of osteitis 
using the T1GdFS sequence already allowed us to reduce 
the acquisition time of our standard protocol in the past [22]. 
The other features (synovitis, tenosynovitis, erosions) were 
scored at the pre- and post-contrast sequences as recom-
mended by the OMERACT RAMRIS protocol [20, 21, 27].

MRI‑evaluation

In agreement with the OMERACT trial recommendations, 
MRIs were scored for erosions and three inflammatory fea-
tures (osteitis, synovitis, tenosynovitis) according to the 
RAMRIS and summed as total MRI inflammation [20, 27]. 
Lesions of the MCP joints were evaluated on a joint-by-joint 
basis. The carpal region was subdivided into radial, middle, 
and ulnar components. Tenosynovitis, synovitis, and osteitis 
were scored in a range of 0–3. For example, tenosynovitis 
was scored 1 if < 2 mm synovial proliferation/effusion is 
seen, 2 for ≥ 2– < 5 mm, and 3 for ≥ 5 mm. Synovitis scores Ta
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were comparable. Osteitis was scored 0 (no edema), 1 if 
1–33% of the bone is involved, 2 if 33–67% is involved and 
3 if 68–100% was involved. Erosions were scored from 0 to 
10, according to the percentage of involved eroded bone. The 
erosion score and total inflammation score were summed as 
total RAMRIS scores [20, 28]. For the mDixon series, the 
water-only images, coronal, and axial were used to score the 
three inflammatory MRI features. Fat-only images were used 
to score erosions. Application of the RAMRIS score was not 
different for both MRI sequences used.

The mDixon and conventional MRIs were scored by two 
readers (MV, FW) independently, blinded for clinical data, 
at different time points. Both readers were unaware of the 
scores that were applied when scoring the conventional pro-
tocol when evaluating the mDixon sequence and vice versa. 
The readers were unaware on the clinical rheumatological 
diagnosis and whether or not the participants had a clinical 
arthritis in the joints that were imaged. Both readers are 
experienced and scored > 400 conventional MRIs prior to 
evaluate MRIs that are part of this study. In earlier research, 
the interreader ICC was 0.96, and intrareader ICCs, all deter-
mined before the start of this study, were 0.98 (reader 1) and 
0.94 (reader 2) [11]. In addition, to improve the two read-
ers’ knowledge about the interpretation of the reconstructed 
images of the mDixon sequence, musculoskeletal radiolo-
gists (MR, JB) trained the readers for several weeks.

Analyses

Intraclass correlation coefficient (ICCs) estimates and their 
95% confident intervals (95%CI) were calculated (2-way 
mixed-effects model, absolute agreement; average meas-
ures of both readers for performance between readers, sin-
gle measures (mean score of 2 readers) for comparing two 
sequences) [29]. ICCs < 0.5, 0.5–0.75, 0.75–0.9, and > 0.9 
indicate poor, moderate, good, and excellent reliability, 
respectively [29]. Bland–Altman- and correlation plots 
were drawn, and Spearman correlation coefficients were 
determined [30]. Statistical analyses were made with SPSS 

Statistics V25, and GraphPad Prism V8 was used for the 
figures.

Results

Patient characteristics

Patients had a mean age of 61, median symptom duration 
of 10 weeks, (median) 5 swollen joints, 31% was ACPA-
positive and 20 patients had an arthritis in one of the scanned 
joints (Table 1).

Reliability between readers

ICCs between readers were determined by conventional MRI 
(Table 3) and were excellent, 0.94 for total RAMRIS, 0.92 
for erosion, and 0.91 for total MRI-inflammation score.

Between-readers performance for mDixon-MRI was also 
excellent, ICC 0.96, 0.95, and 0.92 for total RAMRIS, ero-
sions, and total MRI-inflammation score, respectively.

Reliability between mDixon‑MRI 
and conventional‑MRI sequences

Then, we compared the mDixon with the conventional 
sequences by comparing the average scores of both read-
ers; ICCs were good/excellent, 0.88 for total RAMRIS, 0.90 
for erosions, and 0.84 for the total MRI-inflammation score 
(Table 3). For the individual MRI-inflammation scores, 
ICCs were 0.95, 0.78, and 0.57 for osteitis, tenosynovitis, 
and synovitis, respectively. Figure 1 presents Bland–Altman 
plots, measuring agreement between two (semi-) quantative 
methods (average of the two readers). Figure 2 depicts cor-
relation plots. Spearman correlation coefficients were calcu-
lated for total RAMRIS (ρ = 0.82), erosions (ρ = 0.81), total 
inflammation score (ρ = 0.80), osteitis (ρ = 0.95), tenosyno-
vitis (ρ = 0.64), and synovitis (ρ = 0.36). Examples of both 
used sequences in the axial plane for the wrist and MCP 

Table 3  Reliability between 
readers for scoring each of 
two MRI sequences, and for 
comparing mDixon-MRI with 
conventional-MRI

CI, confidence interval; ICC, intraclass correlation coefficients; MRI, magnetic resonance imaging; RAM-
RIS, rheumatoid arthritis magnetic resonance imaging score

Reader 1 versus 2 mDixon-MRI versus 
conventional-MRI

Conventional-MRI mDixon-MRI Average readers 1&2

Total RAMRIS, ICC (95% CI) 0.94 (0.61–0.98) 0.96 (0.90–0.98) 0.88 (0.77–0.94)
Erosions, ICC (95%CI) 0.92 (083–0.96) 0.95 (0.89–0.98) 0.90 (0.79–0.96)
Total- inflammation, ICC (95%CI) 0.91 (0.56–0.97) 0.92 (0.83–0.96) 0.84 (0.70–0.92)
Osteitis, ICC (95%CI) 0.90 (0.80–0.96) 0.96 (0.92–0.98) 0.95 (0.91–0.98)
Synovitis, ICC (95%CI) 0.93 (0.54–0.98) 0.76 (0.50–0.89) 0.57 (0.26–0.77)
Tenosynovitis, ICC (95%CI) 0.88 (0.25–0.96) 0.89 (0.76–0.95) 0.78 (0.58–0.89)
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Fig. 1  Bland–Altman plots depicting reliability for comparison of 
mDixon- with conventional MRI. Legend: Bland–Altman plots of 
the average score of both readers. The Y-axes demonstrate the abso-
lute difference between contrast-enhanced fat-suppressed sequences 

minus the mDixon-sequence. The X-axes denote the average value 
between the two techniques ((conventional-MRI minus mDixon-
MRI)/2)

Fig. 2  Correlation plots. Legend: Spearman correlation coefficients for total RAMRIS (ρ = 0.82), erosions (ρ = 0.81), total inflammation score 
(ρ = 0.80), osteitis (ρ = 0.95), tenosynovitis (ρ = 0.64), and synovitis (ρ = 0.36)
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joints are depicted in Fig. 3. Figure 4 depicts an example in 
the coronal plane for osteitis in the MCP joint.

Sub analyses

The reliability between both sequences was investigated for 
each reader individually. The results were similar (Supple-
mentary Table 1).

Discussion

In this comparison study, we evaluated the reliability between 
mDixon sequences on whole bore 3.0 T and standard contrast-
enhanced sequences on 1.5 T extremity MR scanners for the 
detection of MR inflammation in patients with early arthritis. 
MRI is in widespread used in RA patients and is of added clini-
cal value [7, 31]. Overall, the agreement was good to excellent.

Fig. 3  Example of inflammation seen in axial T1-weighted TSE fat-
saturated post-gadolinium images (A, C) and corresponding axial 
water-only mDixon images (B, D). Legend: Image A and C are axial 
T1-weighted post-gadolinium with fat suppression obtained with 
the conventional MRI sequences and B and D are the correspond-
ing axial water-only T2-weighted spin echo acquired with the modi-
fied Dixon sequence. In the upper part of the figure (A, B) are the 

metacarpophalangeal joints (MCPs) of one patient, of which MCP5 
is scored for synovitis and tenosynovitis of the flexor tendon at both 
sequences (indicated with white arrows). The lower part (C, D) shows 
high-intensity signals of synovitis in the distal radioulnar-joint at both 
sequences (indicated with white arrows). Both fluid and inflamed 
synovium are high on mDixon, whereas only the synovium enhances 
after gadolinium administration

Fig. 4  Example of osteitis in distal metacarpal bone of finger three 
in coronal T1-weighted TSE fat-saturated post gadolinium image 
(A) and corresponding coronal water-only mDixon images (B). Leg-
end: Image A is a coronal image of the T1-weighted post-gadolinium 
TSE sequence with fat- suppression obtained with conventional MRI 

sequences and image B a T2-weighted spin echo sequence acquired 
with the modified Dixon technique. Both sequences show osteitis in 
the upper part of the metacarpal bone of finger three (indicated with 
white arrows)
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mDixon-MRI performed good/excellent for all summed 
measures and for all individual MRI features, except for syn-
ovitis where it performed moderate. This can be explained 
by underlying differences in technology, resulting in differ-
ences in the obtained images by conventional- and mDixon-
MRI. Conventional contrast-enhanced-MRI initially shows 
a high T1 signal of synovial tissue and a low signal of syno-
vial fluid. As diffusion of contrast-agent into the synovial 
fluid takes time, enhancing synovium is easy to detect. In 
mDixon-MRI hypertrophic synovium and its conjoined 
effusion, both have high signal intensity on water recon-
structions and cannot be separated, in earlier research [12]. 
Examples of dissimilarities in the enhancement of the syno-
vial fluid are shown in Fig. 5.

Also, subtle effusion, which may be physiologically 
present, is seen on mDixon-MRI but not at conventional-
contrast enhanced-MRI. This difference in technique, and 
resulting images, imply that a reference of normality should 
be created for mDixon-MRI, to prevent that normal variants 
are considered pathologic, and to ensure a high specificity 
[26, 32]. To this end, symptom-free persons from the gen-
eral population and from different age categories need to be 

scanned, similar to what was done for contrast-enhanced 
images [32–34]. This work is ongoing and supported by a 
grant from the International Skeletal Society (ISS).

The consequence of the moderate reliability of synovitis 
for early detection of RA may be limited, as in clinical prac-
tice, MRI results are evaluated on patient level, being nor-
mal/abnormal or negative/positive and several inflammatory 
features are generally simultaneously present, thus the total 
evaluation is not dependent on synovitis alone. Interestingly, 
tenosynovitis is the best predictive/discriminative feature in 
enabling earlier diagnoses of RA [4–6, 35–37]. Our data 
showed that the reliability of mDixon for both total MRI 
inflammation and tenosynovitis was high. Thus the moder-
ate reliability of synovitis may have limited impact on the 
accuracy when assessed at patient level.

This comparison study has limitations. Firstly, the com-
pared sequences were obtained with two different MR 
machines. Ideally, the mDixon sequence is compared to the 
standard MR protocol at both 1.5 T and the same large bore 
3.0 T MR. Having three scans at the same day was not pos-
sible. Moreover, we recently already compared the standard 
sequences at 1.5 T and 3.0 T (thus using the same MRI 

Fig. 5  Examples of discrepancy in synovitis and tenosynovitis score 
between conventional axial T1-weighted TSE fat-saturated post-gad-
olinium images (A, C) and corresponding axial water-only mDixon 
images (B, D). Legend: Image A is an axial T1-weighted post-gad-
olinium TSE sequence with a fat-suppression image and the B the 
corresponding water-only axial image obtained with the T2-weighted 
spin-echo mDixon image of the metacarpophalangeal (MCP) joints. 
Joint fluid in the MCP joints results in a high signal on mDixon (indi-
cated with white arrows) without enhancement on the post-gadolin-
ium images. At the level of the MCP joints, no enhancing thickened 
synovium is seen, no (teno) synovitis is present (A). A physiologic 

amount of fluid at MCP 2 and 3 can be misinterpreted as synovitis on 
mDixon (B) (white arrows). Image C is an axial T1-weighted post-
gadolinium TSE sequence with a fat-suppression image and the D the 
corresponding water-only axial image obtained with the T2-weighted 
spin-echo mDixon image of the wrist. At the level of the wrist, no 
(teno)synovitis is present (C). Fluid is encircling the flexor carpi 
ulnaris tendon on mDixon (D)(white arrow). A small amount of fluid, 
which can be physiologic, is present in the 2nd extensor compart-
ment. These findings underline the need for a mDixon atlas as a refer-
ence of normality. In addition, there is a ganglion cyst at the ulnar 
side of the carpus
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scanners, hospital, setting, and comparable patient popula-
tion as used in the current study) showing excellent reli-
ability (ICC 0.90 for total inflammation score) [11]. Also, in 
other musculoskeletal literature the performance of high-end 
scanners is comparable [38–41]. In addition, for implemen-
tation in rheumatology practice, the comparison between 
1.5 T with mDixon at 3.0 T is most relevant, since a large 
majority of relevant research is done at 1.5 T while mDixon 
would be implanted in clinical practice [4, 5, 42, 43]. A 
second limitation is that mDixon-sequences were evalu-
ated using the RAMRIS system, while this system was not 
developed to apply to Dixon-sequences. However, it is the 
only validated and standardized MRI-scoring system [27]. 
Lastly, limitations of the mDixon technique could be blur-
ring artifacts and local swapping of water and fat signal [15]; 
however, these were not detected in our study.

With the application of the mDixon sequence, total scan-
ning time is shortened. However, the acquisition time would 
have already been reduced by the shift to the whole bore 
system. The extremity scanner has a small field of view of 
100 mm, consequently, the MCP and wrist were scanned 
separately, resulting in 6 consecutive sequences (Table 2). 
Total acquisition time is therefore about 30 min. In a whole-
body MRI scanner, MCP and wrist can be scanned in one 
field of view with high SNR, decreasing the total acquisi-
tion time to approximately 15 min. With respect to pulse 
sequences, the mDixon sequence allows further reduction 
of total acquisition time to approximately 6 min.

The increase in health care costs is an important motiva-
tion to address the cost-effectiveness of imaging. MRI is 
more sensitive in the detection of joint inflammation than 
ultrasound, which is commonly used in daily rheumato-
logical practice. MRI is especially more sensitive for the 
detection of tenosynovitis, which has the highest accuracy 
for early detection of RA and is missed with the US in up 
to 81% of patients [44]. Long scan time contributes to the 
high costs of MRI and has negative impact on the accessibil-
ity. Our data suggest that mDixon can become cheaper than 
standard MRI as contrast-agent administration is no longer 
needed and scan time is reduced. However, actual prices for 
MRI scans are nationally or regionally negotiated, and to our 
knowledge, this is not yet done for a short protocol limited to 
mDixon sequences. Formal cost-effectiveness studies (com-
paring mDixon to conventional MRI) remain to be done and 
might facilitate achieving lower prices for clinical practice.

With respect to implementation, the Dixon technique 
in general, and also the mDixon sequence, can be applied 
on different whole-bore MRI scanners (3.0 T and 1.5 T) in 
countries/settings with regular software updates [16, 45–47]. 
Therefore, the combined generalizability and reduction 
in scan time mDixon could increase the accessibility of 
MRI. Thus, mDixon-MRI can combine the accuracy and 
reproducibility of conventional MRI with accessibility in a 

patient-friendly and affordable manner and become a future-
proof way of imaging.

Further research should include large observational study 
cohorts in the diagnostic phase of RA, including patients 
with early arthritis and arthralgia, with the ultimate goal to 
allow the implementation of mDixon-MRI for early detec-
tion of joint inflammation and RA in daily clinical practice. 
Likewise, and as discussed, the specificity remains to be 
determined by also using mDixon sequences in symptom-
free persons from the general population. In addition, it will 
be relevant to evaluate if this short non-invasive MRI may 
be helpful in facilitating triaging patients referred from pri-
mary care.

In conclusion, our results suggest that the mDixon-
sequence is a promising technique, which reliably detects 
MR inflammation and structural damage, in a patient-
friendly manner with cost reduction. This is the first step 
towards an abbreviated MRI protocol in small hand joints for 
early detection of inflammation and early diagnosis of RA.
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