L))

Check for
updat

Original Article

Magnetic resonance image compilation sequence to quantitatively
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Background: To evaluate the diagnostic value of quantitative parameters [T'1, T2, and proton density (PD)
value] generated from magnetic resonance image compilation (MAGIC) sequence for active sacroiliitis in the
patients with axial spondyloarthritis (ax-SpA).

Methods: A total of 90 consecutive ax-SpA patients were recruited and divided into an active group (n=48)
and inactive group (n=42) based on the Spondyloarthritis Research Consortium Canada (SPARCC) score in
this prospective study. In addition, 47 healthy volunteers were recruited as the control group. All participants
underwent magnetic resonance (MR) scanning (including MAGIC sequence and T2 mapping sequence) to
obtain the T1 value, T2 value, PD value of MAGIC sequence (MAGIC T1 value, T2 value, PD value), and
the T2 value of T2 mapping sequence (T2 map T2 value). Intraclass correlation coefficients (ICC) were
calculated to assess the inter- and intra-observer agreement. The correlation between the MAGIC T2 value
and the T2 map T2 value was analyzed using Spearman’s Rho. One-way analysis of variance (ANOVA) and
receiver operating characteristic (ROC) analysis were performed for all parameters.

Results: For the active group, inactive group, and control group, the MAGIC T1 value, T2 value, PD
value, and T2 map T2 value were (1,700.91+725.40, 546.58+59.49, 640.25+95.79 ms), (129.37+23.85,
117.16+20.37, 90.52£12.05 ms), (76.47£15.92, 82.69+9.51, 75.51+9.17 pu), and (96.75+16.06, 87.96+9.27,
82.03+10.17 ms), respectively. The difference of the MAGIC T1 value and the MAGIC T2 value in the three
groups was statistically significant (P<0.05). The MAGiC PD value was only statistically significant between
inactive and control groups (P=0.001). When comparing the ROC curves of quantitative values among
the three groups, MAGIC T1 value showed higher diagnostic efficacy than MAGIC T2 value between the
active and inactive groups (MAGIiC T1,yc: 0.971, MAGIC T2,y¢: 0.655, P<0.0001), and the MAGIC T2
value showed higher diagnostic efficacy than T2 map T2 value between the active group and control group,
and the inactive group and control group (MAGIC T2,yc: 0.940, T2 map T2,y 0.784, P=0.0021; MAGIiC
T2,uc: 0.877, T2 map T2,uc: 0.644, P=0.0011). The consistency of measurements was excellent (ICC
=0.972-0.998). The MAGIC T2 value was positively correlated with the T2 map T2 value, but with a low
correlation (r=0.402; P<0.001).

Conclusions: A significant difference was detected between the MAGIiC T1 and T2 values among

A ORCID: 0000-0002-2690-7802.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2022;12(7):3666-3678 | https://dx.doi.org/10.21037/qims-21-972


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-972

Quantitative Imaging in Medicine and Surgery, Vol 12, No 7 July 2022

3667

the three groups, while MAGIiC PD value had limited diagnostic value. MAGIC T1 value was better at
differentiating the active group and inactive group than MAGIC T2 value. MAGIC T2 value was better at

differentiating the active group and control group, the inactive group and control group than T2 map T2

value.
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Introduction

Axial spondyloarthritis (ax-SpA) is a group of chronic
inflammatory diseases that mainly affects the sacroiliac
joints (SIJ). Misdiagnosis or delayed diagnosis can result in
missing the best time for treatment, leading to aggravation
of the condition and even disability (1). Sacroiliitis is a key
point for diagnosing and treating ax-SpA; bone marrow
edema (BME) is the essential active index for diagnosing
sacroiliitis in ax-SpA patients (2). Magnetic resonance
imaging (MRI) is now a preferred imaging method to detect
BME in sacroiliitis as it is non-invasive, has high soft-
tissue resolution and multi-parameter and multi-directional
imaging, and does not involve ionizing radiation (3,4).
However, the conventional T2-weighted sequence with fat
suppression (T2WI FS) is limited to qualitative evaluation
and does not provide quantitative information.

In recent years, using quantitative or semi-quantitative
MRI methods has gained much attention. Dynamic
contrast-enhanced MRI can generate semi-quantitative
hemodynamic parameters to assess the activity of sacroiliitis
in patients with ankylosing spondyloarthritis (AS) and
evaluate the curative effect of treatment (5). However,
injection of the MRI contrast agent is costly and may
increase the risk of renal fibrosis (6). Diffusion-weighted
imaging (DWI) can quantify the degree of sacroiliitis
inflammatory lesions without relying on contrast agents
because it uses the value of the apparent diffusion coefficient
(ADC) found by measuring the random movement of
water molecules (7); however, DWI lacks inter-observer
consistency (8). Incoherent motion diffusion-weighted
imaging IVIM-DWTI) can simultaneously obtain pure
water molecular diffusion motion information and capillary
perfusion information as a multi-b value DWI sequence
with biexponential mode (9). Zhao er 4/. (10) reported
that the pure diffusion coefficient (Dslow) can be used as
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an independent parameter to distinguish between active
and inactive AS patients and can improve the sensitivity
and specificity combined with the microvascular volume
fraction (f). Nevertheless, the low image resolution of
IVIM-DWTI makes it challenging to accurately locate the
lesions in a capacity similar to that of DWI. Furthermore,
the T2 mapping sequence is a multi-echo pulse sequence
that can be used to evaluate the cartilage and bone marrow
lesions of the SIJ by detecting changes in water molecules,
collagen content, and tissue anisotropy, but its values are
easily affected by surrounding tissues (11-13).

Magnetic resonance image compilation (MAGiC)
sequence is one type of synthetic magnetic resonance
imaging (SyMRI) that can obtain multiple contrast-
weighted imaging and multiple sets of quantitative images
in one acquisition (14). MAGIC can provide a qualitative
diagnosis and generate multiple quantitative maps to
provide direct values of lesions. According to recent
studies, although this technology continues to be applied
to musculoskeletal imaging (15-18), there are no related
clinical applications of the MAGIC sequence to SIJ diseases.

Therefore, we aimed to evaluate the diagnostic value of
MAGIC quantitative parameters [MAGIiC T1 value, T2
value, and proton density (PD) value] for active sacroiliitis
in ax-SpA patients and a heathy control group, and explore
the correlation between the T2 value of MAGIC sequence
and T2 mapping sequence. We present the following article
in accordance with the STARD reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-21-972/rc).

Methods
Participants

The study was conducted in accordance with the
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Table 1 Acquisition parameters of MRI

Jiang et al. SyMRI: quantitatively detecting active sacroiliitis

Variables TIWI T1WI T2WI FS T2WI FS T2 mapping MAGIC
Orientation OAX Ocor OAX Ocor Ocor Ocor
TR (ms) 551 734 2,285 3,191 1,348 4,000
TE (ms) Min full Min full 68 68 6.9 Auto
FOV (mm?) 240x240 240x240 240x240 240x240 240x240 240x240
Matrix 320x256 320x256 320x256 320x256 320x256 320x256
Thickness/gap (mm) 41 41 41 4/1 4 4/1
Echo train length, n 3 3 15 16 - 16
NEX 2 2 4 4 1 1
Scanning time 1min24s 2mini2s 2min29s 3min02s 8min41s 6 min 08 s

MRI, magnetic resonance imaging; T1WI, T1 weighted imaging; T2WI FS, fat-suppressed T2-weighted imaging; MAGIC, magnetic
resonance image compilation; OAXx, oblique axial; Ocor, oblique coronal; TR, repetition time; TE, echo time; FOV, field of view; NEX,

number of excitation.

Declaration of Helsinki (as revised in 2013). The study
was approved by Ethics Committee of the Fifth Affiliated
Hospital of Sun Yat-sen University [No. K160-1(2019)], and
informed consent was provided by all individual participants.
A total of 90 patients who met the latest diagnostic criteria
for ax-SpA (19) as diagnosed by rheumatologists were
included consecutively in this study from November 2019
to January 2021 and underwent MRI examinations. We
excluded patients with MRI examination contraindications,
with a history of other types of spondyloarthritis or relevant
dysplasia, trauma, surgical marks, severe infection, tumors,
or other diseases found in the SIJ, and those with incomplete
examinations or examinations with artifacts. A total of 47
healthy volunteers older than 18 years (28 men, 19 women;
mean age: 26.0£6.6 years) were recruited as the control
group; those found to have SIJ lesions were excluded.

MR protocol

All participants underwent SIJ MR examinations on a 3.0 T
scanner (Signa Pioneer, GE Healthcare, Milwaukee, WI,
USA) using a body coil and 16-channel abdomen phased-
array coil. The MRI included conventional SIJ sequences,
the T2 mapping sequence, and the MAGiC sequence. More
detailed acquisition parameters are shown in Zable 1.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Image analysis

Spondyloarthritis Research Consortium Canada
(SPARCC) score

According to the SPARCC score (20), two radiologists
[radiologist 1 (10 years of work experience), radiologist 2
(8 years of work experience)] engaged in musculoskeletal
system imaging and scored the images in the T2WI FS
sequence together combined with clinical information.
In the case of disagreement, a consensus was sought for
the final decision. SPARCC score >2 was classified as the
active sacroiliitis group (active group), while SPARCC
score <2 was classified as the inactive sacroiliitis group
(inactive group) (11). The Assessment of SpondyloArthritis
international Society (ASAS) definition of BME was a high
signal on the T2WI FS sequence or Short Tau Inversion
Recovery (STIR) sequence and a low signal on the T1WI
sequence (using sacral intervertebral foramina bone marrow
signal as reference) in subchondral bone shown in the MRI.
Definite BME was required to be displayed on more than
2 levels (sequence or orientation) or multiple lesions in one
level for accurately scoring (21).

Image processing and measurements
The T2 mapping sequence and MAGIC sequence images
were processed by the GE AW4.7 workstation function
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Figure 1 Schematic diagram of ROI placement for SIJ. (A) For the inactive group and the control group, the ROI (yellow frame) was placed

on each side of the SIJ (six regions, separated by white line) on a slice displaying the most complete sacroiliac articular cartilage. (B) For the

active group, the ROI (yellow frame) was placed in the center of the BME in as large an area as possible. ROI, area of interest; SIJ, sacroiliac

joint; BME, bone marrow edema.

tool model (GE Healthcare) and the MR scanner console
MAGIC model.

Two radiologists [radiologist 3 (6 years of work
experience), radiologist 4 (3 years of work experience)]
engaged in musculoskeletal system imaging independently
placed the region of interest (ROI) in a double-blind
manner with reference to the T2WI FS sequence.

The overall measurement principles were established as
follows: for the active group, the ROI was manually placed
in the center of the BME and was made as large as possible.
The average values of multiple lesions measured were used
as the final values. For inactive group and control group,
the ROI was manually placed on each side of the SIJ (six
regions) on a slice displaying the most complete sacroiliac
articular cartilage, and the average values of ROIs measured
were used as the final values (Figure I). Artifacts, SIJ bone
cortex, sclerosis, blood vessels, and the cystic area were
avoided while placing the ROI. Finally, we obtained the T2
map 12 value, the MAGIC T1 value, the MAGIC T2 value,
and the MAGIC PD value. Two weeks later, radiologist 3

measured all parameters again.

Statistical analysis

All data analysis was performed using SPSS 25.0 (IBM
Corp., Armonk, NY, USA), GraphPad Prism 8 (GraphPad
Software, San Diego, CA, USA), and MedCalc (MedCalc
Software, Ostend, Belgium) statistical software. A P value
<0.05 indicated a statistically significant difference.

The differences of basic clinical data and quantitative
values among the three groups were compared by one-way
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analysis of variance (ANOVA). The inter- and intra-observer
consistency were determined by the intraclass correlation
coefficient ICC) (ICC <0.40, poor; ICC =0.40-0.59, fair;
ICC =0.60-0.74, good; ICC >0.75, excellent). The correlation
between the MAGIC T2 value and the T2 map T2 value was
graded by Spearman’s Rho (r=0, no correlation; Irl <0.3,
weak correlation; Ir| =0.3-0.5, low correlation; |rl =0.5-0.8,
significant correlation; Irl >0.8, high correlation; Irl =1,
complete correlation). Receiver operating characteristic
(ROC) curves were used to analyze the diagnostic efficacy of
quantitative values among the three groups.

Results
Clinical characteristics of ax-SpA patients

A total of 90 ax-SpA patients were included in this study
(Figure 2). Tuble 2 shows that there were no significant
differences in gender, age, height, weight, and body mass
index (BMI) between the active group and the inactive
group (P>0.05), but there was a significant difference in
the symptom of lower back pain between the two groups
(P<0.05). There were no adverse events reported due to
conduction of the MAGIC sequence.

Analysis results of inter- and intra-observer consistency

A total of 137 participants were included in this study (95
men, 42 women; mean age: 30.3+8.4 years). Inter- and
intra-observer consistency of quantitative values were all

good (ICC =0.972-0.998; Tuble 3).
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Eligible patients (n=113)
Diagnosed as ax-SpA from November 2019 to January 2021

Excluded (n=2)
Incomplete MRI protocol (who refused personally)

Y

Complete MRI examinations (n=111)

Exclude (n=21)

Examination with motion artifacts (n=2),
infections (n=8), gouty arthritis (n=2), tumor
(n=1), condensing osteitis (N=2), other rheumatic
autoimmune diseases (n=6)

Y

Y

Included patients (n=90)
(men =67, women =23; mean age =32.5+8.4 years)

¢ | ¢

Active group (n=48)

Inactive group (n=42)

Figure 2 Flow diagram of the study participants. ax-SpA, axial spondyloarthritis; MRI, magnetic resonance imaging.

Table 2 Clinical characteristics of ax-SpA patients

Characteristic Active group (n=48) Inactive group (n=42) P value
Gender 14 (F)/34 (M) 9 (F)/33 (M) 0.680
Age (years) 30.79+7.60 34.50+8.89 0.094
Height (m) 1.67+0.08 1.70+0.08 0.270
Weight (kg) 62.48+11.97 65.77+10.47 0.349
BMI (kg/m?) 22.21+£3.42 22.72+3.10 0.741
Lower back pain 40 (Y)/8 (N) 26 (Y)/16 (N) <0.05

ax-SpA, axial spondyloarthritis; F, female; M, male; BMI, body mass index; Y, yes; N, no.

Table 3 Inter- and intra-observer agreement of MAGIC sequence and T2 mapping sequence

Variables Intra-reader agreement Inter-reader agreement

MAGIC T1 value

MAGIC T2 value
MAGIC PD value
T2 map T2 value

Total

0.996 (0.995, 0.997)
0.985 (0.979, 0.989)
0.979 (0.970, 0.985)
0.992 (0.988, 0.994)
0.998 (0.998, 0.999)

0.996 (0.995, 0.997)
0.986 (0.980, 0.990)
0.972 (0.959, 0.980)
0.990 (0.986, 0.993)
0.998 (0.998, 0.999)

95% confidence interval for difference in parentheses. MAGIC, magnetic resonance image compilation; PD, proton density.
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Table 4 Test of MAGIC and T2 mapping parameters among the three groups by ANOVA

Variables Active group Inactive group Control group P value
MAGIC T1 value (ms) 1,700.91+£725.40 546.58+59.49 640.25+95.79 <0.001%A*
MAGIC T2 value (ms) 129.37+23.85 117.16+£20.37 90.52+12.05 <0.001"; 0.0281
MAGIC PD value (pu) 76.47+15.92 82.69+9.51 75.51£9.17 0.001*

T2 map T2 value (ms) 96.75+16.06 87.96+9.27 82.03+10.17 0.003%; <0.001*

*, inactive group vs. control group; /, active group vs. inactive group; *, active group vs. control group. MAGIC, magnetic resonance image

compilation; ANOVA, analysis of variance; PD, proton density.

B}

Figure 3 Example cases. Images of a 27-year-old healthy man with normal SIJ. The bilateral SIJ surfaces are smooth. T2WI FS sequence
(A), TIWI sequence (B) show no abnormal signal; T2 mapping sequence (C), MAGIiC T1 mapping sequence (D), MAGIC T2 mapping
sequence (E), and MAGIiC PD mapping sequence (F) show no abnormal pseudo-color display. SIJ, sacroiliac joint; T2WI S, fat-suppressed

T2 weighted imaging; T1WI, T1 weighted imaging; MAGIC, magnetic resonance image compilation; PD, proton density.

Measurement results of MAGiC sequence and T2 mapping
sequence

Table 4 shows the specific quantitative values of each group.
The MAGIC T1 value, MAGIC T2 value, and T2 map T2
value of the active group were all higher than those of the
inactive and control groups, and these quantitative values
of the inactive group were higher than those of the control
group. The differences of the MAGIC T'1 value and the
MAGIC T2 value in the three groups were statistically
significant (P<0.05). The differences of the T2 map T2

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

value between the active group and the inactive group,
and between the active group and the control group, were
statistically significant (P<0.05). The MAGIC PD value was
only statistically significant between the inactive and control
groups (P=0.001). Figures 3-5 shows MR images of normal
SIJ, active sacroiliitis, and inactive sacroiliitis.

ROC curves analysis

The ROC curve analyses of quantitative values for the three
groups are shown in Figure 6 and Table 5.

Quant Imaging Med Surg 2022;12(7):3666-3678 | https://dx.doi.org/10.21037/qims-21-972
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Figure 4 Example cases. Images in a 26-year-old man with active sacroiliitis of ankylosing spondylitis. The bilateral SIJ surfaces are rough

with focal bone erosions. T2WI FS sequence (A) and T1WI sequence (B) show BME in the subchondral bone marrow. The corresponding

areas display red or yellow-green in MAGIiC T1 mapping sequence (D) and yellow-green in the MAGiC T2 mapping sequence (C). T2

mapping sequence (E) and the MAGiC PD mapping sequence (F) show no abnormal pseudo-color display. SIJ, sacroiliac joint; T2WI

FS, fat-suppressed T2 weighted imaging; T1WI, T1 weighted imaging; BME, bone marrow edema; MAGIC, magnetic resonance image

compilation; PD, proton density.

The MAGIC T1 value showed higher diagnostic efficacy
than the MAGIC T2 value between the active and inactive
groups (P<0.0001). The MAGIC T1 value showed higher
diagnostic efficacy than T2 map T2 value between active
and inactive groups, active and control groups, inactive
and control groups (P<0.0001, P=0.0054, and P=0.0106,
respectively). There was no significant difference in the
diagnostic efficiency of the MAGIC T1 value and MAGIiC
T2 value between the active group and the control group,
and between the inactive group and the control group
(P=0.9724 and P=0.1254, respectively).

The MAGIiC T2 value showed higher diagnostic
efficacy than the T2 map T2 value between the active
and control groups, and between the inactive and control
groups (P=0.0021 and P=0.0011, respectively). There was
no significant difference in the diagnostic efficiency of the
MAGIC T2 value and the T2 map T2 value between the
active group and inactive group (P=0.7017).

Correlation analysis of T2 value between MAGiC sequence

and conventional T2 mapping sequence

The MAGIC T2 value was positively correlated with the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

T2 map T2 value, with low correlation (r=0.402; P<0.001;
Figure 7).

Discussion

The MAGIiC sequence is a new MRI quantitative
technology. Rather than conventional MRI sequence,
MAGIC sequence offers multiple additional quantitative
images and obtains arbitrary contrast images by adjusting
the echo time (TE), repetition time (TR), and reversal time
to meet different demands for clinical diagnosis (14). The
MAGIC sequence requires a shorter time and is highly
efficient, making it more suitable for ax-SpA patients who
frequently experience aggravation of lower back pain at
rest. In addition, the reconstructed images of the MAGiC
sequence show the same layer, which helps localize and
compare lesions.

Our results showed that both the MAGIC T1 value
and MAGIC T2 value have diagnostic value for detecting
active sacroiliitis in ax-SpA patients, and the performance
of the MAGIC T1 value was better than MAGIC T2 value
with higher sensitivity and specificity. The T2 value is
sensitive to the slow molecular motion of water protons

Quant Imaging Med Surg 2022;12(7):3666-3678 | https://dx.doi.org/10.21037/qims-21-972
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Figure 5 Example cases. Images in a 20-year-old man with inactive sacroiliitis of ankylosing spondylitis. The bilateral SIJ surfaces are rough
with focal bone erosions. T2WI FS sequence (A) and TIWI sequence (B) show no BME existing. However, subchondral bone marrow
displays yellow-green with mottled red in the MAGIiC T2 mapping sequence (E) and yellow-green in the T2 mapping sequence (C).
MAGIC T1 mapping sequence (D) and MAGIiC PD mapping sequence (F) show no abnormal pseudo-color display. SIJ, sacroiliac joint;

T2WI FS, fat-suppressed T2 weighted imaging; T1WI, T1 weighted imaging; BME, bone marrow edema; MAGiC, magnetic resonance
image compilation; PD, proton density.
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Figure 6 ROC curves of quantitative values (T'1, T2, and PD values of the MAGIC sequence and T2 value of the T2 mapping sequence)
among the three groups. (A) Comparisons of ROC curves of quantitative values for the inactive group and control group. The ROC curves
demonstrate that MAGIC T1 and MAGIC T2 have a higher AUC, while T2 Map and MAGIiC PD have a lower AUC. (B) Comparisons
of ROC curves of quantitative values for the active group and control group. The ROC curves demonstrate that MAGIiC T1 and MAGIC
T2 have a higher AUC, followed by T2 Map, MAGIC PD has lowest AUC. (C) Comparisons of ROC curves of quantitative values for
the inactive group and active group. The ROC curves demonstrate the MAGIC T1 has the highest AUC, followed by MAGiC T2 and T2
Map, MAGIC PD has the lowest AUC. MAGIC T1, T1 value of MAGIC sequence; MAGIC T2, T2 value of MAGIC sequence; MAGIC

PD, PD value of MAGIC sequence; T2 map, T2 value of T2 mapping sequence; ROC, receiver operating characteristic; MAGiC, magnetic
resonance image compilation; AUC, area under the curve; PD, proton density.
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Table 5 Comparisons of ROC curves of quantitative values among the three groups

Inactive vs. control Active vs. control Inactive vs. active
Variables
MT1 MT2 MPD TT2 MT1 MT2 MPD TT2 MT1 MT2 MPD TT2

Sensitivity (%) 73.81 76.19 80.95 92.86 89.58 79.17 35.42 62.50 91.67 58.33 35.42 56.25
Specificity (%) 78.72 8298 53.19  31.91 97.87 91.49 87.23 85.11 100.00 69.05 95.24  78.57
PPV (%) 75.60 80.00 60.70 54.90 97.70 90.50 73.90 81.10 100.00 68.30 89.50 75.00
NPV (%) 7710 79.60 75.80 83.30 90.20 81.10 56.90 69.00 91.30 59.20 56.30 61.10
AUC 0.812 0.877 0.698 0.644 0.938 0.940 0.540 0.784 0.971 0.655 0.600 0.681
Cutoff value 563.50 100.36 75.09  77.39 847.97 10542  85.41 92.18 709.78 127.36 70.17 94.73
P value MT1 vs. MT2: 0.1254; MT1 vs. TT2: MT1 vs. MT2: 0.9724; MT1 vs. TT2: MT1 vs. MT2: <0.0001; MT1 vs. TT2:

0.0106; MT2 vs. TT2: 0.0011

0.0054; MT2 vs. TT2: 0.0021

<0.0001; MT2 vs. TT2: 0.7017

ROC, receiver operating characteristic; MT1, T1 value of MAGIC sequence; MT2, T2 value of MAGIC sequence; MPD, PD value of MAGIC
sequence; TT2, T2 value of T2 mapping sequence; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the
receiver operating characteristic curve; MAGIC, magnetic resonance image compilation; PD, proton density.
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Figure 7 Bland-Altman plots for T2 values between MAGIC
sequence and T2 mapping sequence. MAGIiC, magnetic resonance

image compilation.

and anisotropy of tissue matrix (22,23). It increases with
tissue water content. Increases in the T1 value largely
reflect the increase in free water content (24). As a result of
inflammation of bone marrow, BME leads to osteopenia,
vascular leakage, and increased local tissue water content,
which give rise to the T1 value and T2 value (25,26). In
MAGIiC T1 mapping images, BME is displayed as red
or yellow-green, and the corresponding BME areas in
MAGIC T2 mapping images are displayed as yellow-green.
A stronger signal intensity of BME indicates a more active
degree of inflammation (27). The cutoff value of 709.78 ms
was shown to differentiate active groups from inactive
groups with high sensitivity (91.67%) and specificity (100%),
which was higher than that of MAGIC T2 value (sensitivity:
58.33%, specificity: 69.05%). This renders the MAGIC T1

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

value a reliable quantitative parameter for diagnosing active
sacroiliitis. If the value was greater than 709.78 ms, we
considered this a case of active sacroiliitis, while a case of
inactive sacroiliitis was defined as values less than 709.73 ms.
Table 5 shows the cut-off values for clinical reference, but
a more extensive sample study is needed to verify our
preliminary results.

Marty et al. (28) reported that the fat fraction in patients
with Becker muscular dystrophy increased due to fat
infiltration in the muscles, which made the average T1
values of thigh muscles significantly lower than those of
healthy volunteers. Similarly, for patients with ax-SpA in the
inactive stage, the partial BME decreased and lowered the
water content in bone marrow. In contrast, the fat content
increased, which resulted in lower MAGiC T1 and T2
values in the inactive group than in the active group, and a
lower MAGIC T1 value in the inactive group than in the
control group, but higher MAGIC T2 value in the inactive
group than in the control group. Recent studies (29,30) have
suggested that fat deposition under the articular surface in
sacroiliitis is a prognostic factor in ax-SpA patients. Patients
with fat deposition are more likely to develop structural
damage, such as osseous fusion and ankylosing spondylitis.
The results of this study reflected the pathophysiological
changes of fat deposition for sacroiliitis in ax-SpA patients
from the viewpoint of imaging. In addition, although the
diagnostic efficiency of the MAGiC T1 value (cutoff value:
563.5 ms; sensitivity: 73.81%; specificity: 78.72%) was
slightly lower than the MAGIC T2 value (cutoff value:
100.36 ms; sensitivity: 76.19%; specificity: 82.98%) in
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the diagnosis of the inactive group and control group, the
difference between the two groups was not statistically
significant (P=0.1254). The MAGIiC PD value differed
between the inactive and control groups, but it offered little
diagnostic value in general.

The MAGIC T1 value and the MAGIC T2 value in the
active group and the inactive group were significantly higher
than those in the control group, which means that these
two parameters can possibly differentiate ax-SpA patients
from healthy people, especially for ax-SpA patients without
BME. In the future, we will include more patients and
healthy volunteers to explore the feasibility of the diagnostic
threshold of quantitative parameters to differentiate the two
groups. Some patients with early-stage ax-SpA (stage I) may
only present BME of sacroiliitis. Although some studies
have reported that BME can also appear in some non-ax-
SpA people, including runners, women with postpartum
pain, and patients with condensing osteitis (31-34), all cases
included in this study were older than 18 years and without
a history of these diseases. Our results provide a potential
method to help diagnose early-stage ax-SpA patients.
However, more data need to be collected on early-stage ax-
SpA patients and follow-up of these patients is required to
confirm our findings.

Furthermore, by comparing the diagnostic performance
of ROC curves, we also found that the MAGiC T2 value
showed better diagnostic value than the T2 map T2 value.
We speculated that this was related to the following aspects:
on the one hand, the principles of the two sequences are
different. The T2 mapping sequence is a multi-echo pulse
sequence using fixed TR and TE to obtain different signal
intensities at multiple TEs and calculate the T2 relaxation
time of tissue, which can be described as ‘imaging before
calculation’ (35). The MAGIC sequence can acquire T'1,
T2, PD, and radiofrequency field B1 values at one time
based on the multi-dynamic, multi-echo (MDME) sequence
to obtain the characteristic relaxation value of the tissue,
which can be described as ‘calculation before imaging’.
Therefore, the MAGIC sequence can reflect signal changes
of bone marrow more sensitively to yield a more accurate
T2 value. Jiang et al. (15) proposed that the MAGIC T2
value of the lumbar intervertebral disc in people with low
back pain was highly positively correlated with the T2
map T2 value (r=0.962; P<0.01), which was inconsistent
with the result of our study. We hypothesized that the
mechanism of intervertebral disc degeneration is the loss of
intervertebral disc water content and proteoglycan, which
leads to the decrease of T2 value (36). The structures of SIJ
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are relatively complex, and many kinds of lesions can occur
in subchondral areas. The measurement of the T2 mapping
sequence is susceptible to influence by surrounding tissues,
which may result in unstable measurement values. On
the other hand, the measurement values of the MAGiC
sequence and T2 mapping sequence in this study were based
on manually delineating the ROI. Although the inter- and
intra-reader agreement of the two sequences was good, the
possible measurement differences still cannot be avoided.

Our study had some limitations. First, with the increase
of age, the proportion of yellow bone marrow increases (37).
Therefore, further research should compare the quantitative
value of the MAGIC sequence by age groups. Second,
a previous study found that T2 map T2 values vary for
different sequences and parameters (38). As a quantitative
technique, the influence of different parameter settings on
the MAGIC sequence is not yet known. Third, our research
was mainly based on MRI images; we have not yet explored
the correlation between quantitative values and clinical
indicators and their significance in evaluating the efficacy
of ax-SpA patients. Fourth, in view of the overall scanning
time of patients, this study failed to compare the difference
between the conventional T'1 mapping sequence and the
MAGIC T1 mapping sequence, which needs to be further
explored.

In conclusion, our findings show that the MAGiC
sequence, as a new MRI method, can directly quantify
active sacroiliitis. The MAGIC T1 value and T2 value have
diagnostic value for active sacroiliitis in patients with ax-
SpA; the MAGIC T1 diagnostic value is higher than that
of MAGIC T2, while the MAGiC PD value has limited
diagnostic value. The efficacy of the MAGIC T2 value was
higher than that of the T2 map T2 value.
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