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Background: Bone erosion in the sacroiliac joint (SIJ) is highly specific for the diagnosis of axial
spondyloarthritis (axSpA) and may indicate early disease progression. The 3D ultrashort echo ime 3D-UTE)
technique excels in providing clear contrast between the articular cartilage and the bone cortex interface.
Additionally, it is emerging as a promising quantitative tool for detecting early cartilage changes. Therefore,
this study aimed to evaluate the diagnostic performance of 3D-UTE sequences in identifying bone erosion in
the SIJ of patients with axSpA and to clarify the potential of cartilage T2* values as a quantitative biomarker
for axSpA.

Methods: This prospective study employed convenience and consecutive sampling methods to
recruit patients diagnosed with axSpA in Peking University Third Hospital who met the Assessment of
Spondyloarthritis International Society (ASAS) criteria and also an equal number of healthy volunteers. After
providing informed consent, all participants underwent 3D-UTE sequences and conventional T2* mapping
of the SIJs. Two radiologists separately interpreted the bone erosion of each SIJ on 3D-UTE sequences.
Erosion detection of SIJs via computed tomography (CT) served as the standard of reference. The T2*
values of the cartilage were measured and compared, and the diagnostic efficacy of the T2* value for axSpA
diagnosis was evaluated.

Results: A total of 32 patients and 32 healthy volunteers were included. The 3D-UTE sequence, as
separately assessed by two reviewers in terms of its ability to detect erosions, exhibited a notable level
of accuracy. For the two reviewers, the respective diagnostic sensitivities were 94.7% and 92.9%, the
specificities were 97.4% and 96.5%, positive predictive values were 96.7% and 95.4%, the negative
predictive values were 95.9% and 94.5%, the accuracies were 96.2% and 94.9%, and the areas under the
curve (AUCs) were 96.1% and 94.7%. For the detection of erosions, the interreader k value was 0.949. The
T2* values of the SIJ cartilage were significantly higher in patients with axSpA than in healthy volunteers.
The intraobserver intraclass correlation coefficients (ICCs) for T2* measurements ranged between 80.5%
and 82.2%. Meanwhile, the interobserver ICCs for UTE-T2* and gradient echo T2* measurements were
81.5% and 80.8%, respectively. The AUCs of the UTE-T2* values for discriminating patients with axSpA
from the healthy volunteers of the two readers were 73.3% and 71.6%, respectively.
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Conclusions: 3D-UTE sequences can be used as a reliable morphological imaging technique for detecting

bone erosion in the SIJ. Additionally, UTE-T2* values of the cartilage may offer a quantitative method for

identifying patients with axSpA.
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Introduction

Axial spondyloarthritis (axSpA) is a chronic autoimmune
disorder characterized by primary axial skeletal involvement.
According to the Assessment of Spondyloarthritis
International Society (ASAS) criteria, active sacroiliitis is
a critical imaging criterion for the diagnosis of axSpA (1).
Edema of the subchondral bone marrow is an indicator
of active sacroiliitis, but it may be found in patients with
mechanical back pain or healthy controls (2). Structural
lesions of the sacroiliac joints (SIJs), especially erosions,
along with bone marrow edema (BME), improve confidence
in the diagnosis of axSpA and help differentiate axSpA from
other diseases (3,4). Computed tomography (CT) remains
the gold standard for detecting erosions in sacroiliitis.
However, ionizing radiation exposure from CT scans of
the SIJs may be associated with an increased risk of pelvic
malignancies, especially in young patients with suspected
spondyloarthritis (SpA) (5,6).

Several studies have shown that 3D gradient echo (GRE)
sequences such as volumetric interpolated breath-hold
examination (VIBE) sequence and dual-echo steady-state
sequence (DESS) have a higher sensitivity and accuracy than
the 2D T1-weighted turbo spin echo (T'SE) sequence—the
most commonly used sequence—in identifying bone erosive
damage in the SIJs (7-9). However, there have been few
quantitative imaging studies aimed at detecting microscopic
cartilage changes in the SIJ of patients with axSpA, which
can occur before the appearance of cartilage morphologic
defects and subchondral BME. Previous studies have shown
that T2 mapping is technically feasible for quantifying the
sacroiliac articular cartilage in patients with axSpA and
asymptomatic controls (10,11). Both T2 mapping and T2*
mapping are valuable techniques for assessing water content,
collagen fiber network, and zonal variation reflecting the
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biochemical composition of the cartilage (12). Compared
with T2 mapping, T2* mapping has a short acquisition time,
primarily due to the use of a shorter echo time (TE) in the
imaging sequence, which is necessary to capture the rapid
decay of the transverse magnetization signal in tissues with
short T2* values. Most conventional magnetic resonance
imaging (MRI) sequences use a Cartesian sampling pattern,
which fills k-space in a grid-like, rectilinear fashion. In
contrast, the ultrashort TE (UTE) sequence uses a radial
k-space sampling technique. In radial sampling, the k-space
is filled using lines that radiate outward from the center to
the periphery, and this provides the most crucial information
for image contrast. This rapid acquisition is what makes
it possible to achieve the ultrashort echo times that UTE
is named for, allowing for the visualization of tissues with
very short T2 relaxation times. In healthy cartilage, the
tightly woven collagen network and proteoglycans restrict
the motion of water molecules. This results in relatively
short T2* relaxation times. Signals from the short T2*
components of the articular cartilage are poorly captured
by long TE sequences, which may be useful in determining
early cartilage abnormalities (13,14). Although one study
reported that 3D-UTE T2* mapping is feasible for SIJ
cartilage imaging in asymptomatic volunteers (15), to the
best of our knowledge, 3D-UTE T2* mapping in patients
with axSpA has not yet been examined. Therefore, we
conducted this study to assess the feasibility of the 3D-UTE
sequence for detecting SIJ bone erosion in patients with
axSpA using CT as a reference, to evaluate the quantitative
T2* mapping from the 3D-UTE sequence in the diagnosis
of axSpA, and to compare its performance with that of
conventionally clinically available GRE-T2* mapping. We
present this article in accordance with the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1139/rc).
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Methods
Participants

This prospective study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013) and was
approved by the Medical Ethics Committee of Peking
University Third Hospital (No. IRB00006761-M2022181).
Informed consent was obtained from all the patients.
This study recruited adult patients diagnosed with axSpA
between July 2022 and January 2023 at Peking University
Third Hospital through convenience and consecutive
sampling methods. The inclusion criteria for the patients
were as follow: a diagnosis of axSpA according to the 2009
ASAS classification criteria (16); without SIJ ankylosis,
malignant tumors, or other SIJ lesions, except axSpA; and
MRI and CT examinations completed with the interval
no longer than 1 week. The same number of healthy
volunteers who met the following inclusion criteria were
included in the healthy control group: no inflammatory
lumbosacral pain or suspicious physical examination for
SpA and no traumatic joint pain. The exclusion criteria for
all participants were a history of lumbosacral spine surgery,
any contraindications to MRI scan (e.g., implanted metallic
objects), failure to complete MR or CT examinations, and
poor image quality. For healthy volunteers, only MRI scans
of the SIJs were conducted due to the unavoidable ionizing
radiation inherent to CT scans. To assess the disease
activity of axSpA, we employed the Ankylosing Spondylitis
Disease Activity Score (ASDAS) based on C-reactive
protein (CRP).

Imaging protocols

Each participant was imaged using a 3T MR system
(MAGNETOM Prisma, Siemens Healthineers,
Erlangen, Germany). The MR protocol consisted of
three conventional sequences: an oblique coronal 2D fat-
suppressed (FS) T2-weighted TSE sequence, which was
parallel to the long axis of the S2 vertebral body [time to
repetition (TR), 3,000 ms; TE, 60 ms, field of view (FOV),
300 mm x 300 mm; slice thickness, 4 mm; resolution,
0.8x0.8x4 mm’; readout bandwidth, 250 Hz/px; generalized
autocalibrating partial parallel acquisition (GRAPPA) =2;
duration, 2 min and 54 s]; an oblique 2D coronal T1-
weighted TSE sequence (TR, 500 ms; TE, 9.2 ms; FOV,
300 mm x 300 mm; slice thickness, 4 mm; resolution,
0.8x0.8x4 mm’; readout bandwidth, 224 Hz/px; GRAPPA
=2; duration, 1 min and 22 s); and an axial 2D FS-T2-
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weighted TSE sequence (TR, 3,940 ms; TE, 58 ms; FOV,
320 mm x 320 mm; slice thickness, 4 mm; resolution,
0.8x0.8x4 mm’; readout bandwidth, 221 Hz/px; GRAPPA
=2; duration, 2 min and 49 s). The 3D-UTE sequence
was used on the SIJs in the coronal oblique plane with the
following scan parameters: flip angle (FA), 5% TR, 142 ms
(containing a segmented fat saturation module, with 1 fat
saturation per 15 radial spokes); and total radial spokes,
49,980. The UTE data were acquired with a dual-echo
acquisition scan (TEs, 0.05 and 2.5 ms) and another single-
echo (TE, 5 ms) scan, in which imaging parameters were
kept the same except for TEs and included the following:
FOV, 300 mm x 300 mm; slice thickness, 1 mm; resolution,
Ix1x1 mm’; duration, 7 min and 57 s; and pixel bandwidth,
715 Hz. Conventional T2* mapping was also performed
using a 2D-GRE sequence in a coronal oblique direction
with the following parameters: number of echoes, 5; TEs,
4.58, 12.60, 20.16, 26.57, and 32.29 ms; FA, 25° TR,
330 ms; FOV, 230 mm x 230 mm; slice thickness, 3 mm;
resolution, 0.8x0.8x3 mm’; duration, 7 min and 38 s; and
pixel band bandwidths, 160, 160, 190, 260, and 260 Hz.

CT was performed on a dual-source spiral CT scanner
(SOMATOM Definition Flash, Siemens Healthineers) using
a tube voltage of 120 kV with variable tube current. The scan
parameters were as follows: slice thickness, 4 mm; spacing,
4 mm; collimation thickness, 0.6 mm; and pixel, 512x512.
In order to score erosions, oblique coronal images (with the
same orientation as the above-mentioned MRI protocol)
were reconstructed using the multiplane reconstruction tool
with a slice thickness of 1 mm.

Image assessment

Two radiologists (Q.Z. and C.R., with 8 and 12 years
of experience in radiology, respectively) interpreted the
bone erosion of each SIJ on the 3D-UTE sequence in a
random order. Both readers were blinded to the CT and
other MR images. The same two reviewers scored the SIJ
bone erosions on the CT images via consensus to generate
the reference standard 1 month after all scoring on the
3D-UTE sequence was completed. The readers used all
three echo images from the UTE sequence to thoroughly
assess bone erosions. However, UTE-T2* mapping
was exclusively used for cartilage quantification. Any
disagreement regarding bone erosion was resolved through
discussion with another senior radiologist until a consensus
was reached. Axial images showing the full circumference of
the first sacral neuroforamina were taken as an interaction
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Figure 1 Oblique coronal 3D-UTE sequences at TE =0.05 ms representing the (A) anterior, (B) middle, and (C) posterior position of the

sacroiliac joint. (A-C) The solid white lines are perpendicular to the joint surface (dashed white lines) across the first sacral neuroforamina

that divides the sacroiliac joint into four quadrants. (D) Axial fat-saturated T2-weighted imaging showing the full circumference of the first

sacral neuroforamina was used as an interaction reference to determine the directions of the sacroiliac joint. (D) The solid and dashed white

lines represent the anterior and posterior wall of the first sacral neuroforamina, respectively. UTE, ultrashort TE; TE, echo time.

reference, and each SIJ on the oblique coronal images
was divided into 12 subregions, including 4 quadrants
(upper and lower parts of the sacral and iliac bones) and
3 directions (anterior, middle, posterior) for scoring. The
upper and lower portions of the sacral and iliac bones were
divided evenly by an axis perpendicular to the joint surface
across the first sacral neuroforamina (9). The anterior
position was defined as the slices ventral to the anterior wall
of the first sacral neuroforamina. The posterior position
was defined as the slices dorsal to the posterior wall of the
first sacral neuroforamina and the middle position between
them (Figure 1). Bone erosions were analyzed holistically
by employing a quadrant-based approach. Presence or
lack of erosions of each subregion on oblique coronal CT
and 3D-UTE sequences was scored as 1 or 0, respectively.
Erosion was defined as a defect in the subchondral bone
associated with a full-thickness loss of the subchondral
cortex at its expected location.

The UTE-T2* mapping was calculated offline using
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MATLAB (R2017b; MathWorks, Natick, MA, USA). For
both UTE- and GRE-T2* mapping, the T2* value was
fitted using the monoexponential decay model. SIJ cartilage
T2* values were measured separately on 3D-UTE and
GRE-T2* mapping independently by two radiologists.
To assess intraobserver agreement, the same radiologist
conducted a reevaluation of the T2* values with a 1-month
interval between measurements. Owing to the varying
layer thicknesses between the UTE-T2* and GRE-T2*
mappings, the regions of interest (ROIs) for cartilage
quantification were not identical across both sequences
and could only be approximated. On both UTE-T2*
and GRE-T2* mapping, ROIs were manually positioned
within the cartilaginous part of each SIJ and were as large
as possible on five consecutive central slices. Joint fluid and
vacuum phenomenon (the presence of gas in the joint space)
were avoided whenever possible. In addition, care was taken
to avoid the cortical and subchondral bones, artifacts, and
image noise. The average T2* values of the SIJs based on
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Recruited adult patients diagnosed with axSpA (n=37)

Excluded patients (n=5)
e A history of lumbar surgery (n=1)

Y

e Contraindications to MRI scan (n=2)
e Failure to complete MR examination (n=2)

Included patients (n=32)

Included healthy controls (n=32)

Y

A

SIJ MRI and CT examination

SIJ MRI examination

Figure 2 Flowchart of participant inclusion. axSpA, axial spondyloarthritis; MRI, magnetic resonance imaging; SIJ, sacroiliac joint; CT,

computed tomography.

the 3D-UTE sequence and GRE-T2* mapping for each
patient were calculated separately.

Statistical analyses

SPSS for Windows version 26.0 IBM Corp., Armonk, NY,
USA) was used for statistical analyses. All statistical analyses
were performed using a two-tailed test. The Mann-Whitney
test was used to compare groups for age, and a chi-squared
test was used to compare the groups for sex. The sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy of the 3D-UTE sequence for evaluating
bone erosion were calculated using CT as the reference
standard. Cohen’s kappa test was independently performed
by two radiologists to assess the consistency of erosion on
3D-UTE sequences. To compare the difference in T2*
values between the healthy and axSpA groups based on the
3D-UTE and GRE sequences, an independent-samples
t-test was used for normally distributed data, whereas the
Mann-Whitney test was used for nonnormally distributed
data. We assessed the data for normality using a Q-Q plot.
The intra- and interobserver agreement between the two
radiologists for T2* value measurements was analyzed by
calculating the interclass correlation coefficient (ICC). The
ICC was evaluated as follows: 0-0.20, poor agreement;
0.21-0.40, fair agreement; 0.41-0.60, moderate agreement;
0.61-0.80, good agreement; and 0.81-1.00, excellent
agreement. Receiver operating characteristic (ROC) curve
analyses were performed to identify the optimal cutoff value
for the diagnosis of axSpA. Specificity and sensitivity were
calculated according to the cutoff value that maximized

the Youden index. Areas under the curve (AUCs) were
compared using MedCalc version 15.8 (Mariakerke,
Belgium). A P value <0.05 indicated a statistically significant
difference for all tests.

Results
Participant characteristics

The process of participant inclusion is summarized in
Figure 2. In total, 32 patients (24 males and 8 females; mean
age 28.44 years; age range, 19-67 years) with axSpA were
included in this study. The duration of axSpA diagnosis
ranged from 3 to 48 months, with a mean duration of
15.75 months. Among all cases, 18 had active SpA with
ASDAS-CRP scores of 2.806+0.480, while 14 cases had
inactive SpA with ASDAS-CRP scores of 1.107+0.114. In
total, 32 healthy volunteers (19 males and 13 females; mean
age 28.22 years; age range, 22-44 years) were included.
There was no statistical difference between the axSpA and
healthy group in terms of sex ratio (x’=1.772; P=0.18) or age
distribution (U=484; P=0.71).

Diagnostic performance for bone erosion

CT detected 768 bone erosions at the quadrant level.
The diagnostic performance of erosion detection on the
3D-UTE sequence is summarized in 7able 1 and Figure 3.
For the presence or absence of erosions, the interreader
agreement was excellent for the 3D-UTE sequence, and the
inter-reader K value was 0.949 (P<0.001).
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Table 1 Diagnostic performance of three-dimensional ultrashort echo time sequence for bone erosion at the quadrant level with CT used as the
reference

Reader Sensitivity Specificity PPV NPV Accuracy AUC

Reader 1 94.7% (319/337)  97.4% (420/431)  96.7% (319/330) 95.9% (420/438) 96.2% (739/768)  96.1% [94.4-97.7%)]
[91.7-96.7%)] [95.4-98.6%] [94.1-98.2%)] [93.6-97.4%] [94.6-97.4%)]

Reader2  92.9% (313/337) 96.5% (416/431)  95.4% (313/328) 94.5% (416/440) 94.9% (729/768)  94.7% [92.8-96.6%)]

[89.6-95.2%)] [94.3-97.9%)] [92.5-97.3%)] [92.0-96.3%] [93.1-96.3%)]

Data in parentheses are the numbers of the bone erosion subregions and data in brackets are the 95% confidence intervals. The detection
success rate was determined on a per-quadrant basis: if at least one bone erosion was identifiable by the ultrashort echo time sequence,
this was considered a success regardless of the total lesions identified by CT in that quadrant. CT, computed tomography; PPV, positive

predictive value; NPV, negative predictive value; AUC, area under the curve.

Figure 3 A 29-year-old man with axial spondyloarthritis. The oblique coronal 3D-UTE sequence at TEs of (A) 0.05 ms, (B) 2.5 ms, and (C)
5 ms revealed multiple bone erosions (solid arrows) and was consistent with (D) CT. UTE, ultrashort TE; TE, echo time.

Comparison of cartilage T2* values between the axSpA
and bealthy groups

The mean T2* values of the SIJ cartilage on both 3D-UTE
sequence and conventional T2* mapping measured by the
two reviewers were significantly higher in those with axSpA
than in healthy volunteers (P<0.05; Table 2 and Figures 4,5).
In addition, the T2* values of the cartilage in both patients
with axSpA and healthy controls as measured by the two
reviewers with the 3D-UTE sequence were higher than

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

those measured with conventional T2* mapping (Table 3).

ROC curve analyses

The diagnostic efficacy of SIJ cartilage T2* measurements
for axSpA identification is shown in 7able 4 and Figure 6. For
reader 1, the AUC:s for predicting axSpA using UTE-T2*
and GRE-T2* values were 73.3% (95% CI: 61.0-85.6%)
and 67.7% (95% CI: 54.4-80.9%), respectively; similarly,
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Reader Parameter axSpA patients Healthy controls t P
Reader 1 UTE-T2* (ms) 20.959+1.952 19.233+1.918 3.566 <0.001
20.429+2.038 19.289+1.643 2.463 0.017
GRE-T2* (ms) 19.643+1.733 18.512+1.862 2.515 0.015
19.455+1.579 18.468+2.041 2.164 0.034
Reader 2 UTE-T2* (ms) 20.400+1.668 19.159+1.720 2.930 0.005
20.507+1.649 19.231+2.091 2.711 0.009
GRE-T2* (ms) 19.794+1.924 18.543+1.886 2.625 0.011
19.873+1.778 18.886+1.549 2.366 0.021

The same radiologist obtained two measurements of the T2* values, spaced 1 month apart. Data are presented as the mean + standard
deviation. axSpA, axial spondyloarthritis; UTE-T2*, T2* values derived from UTE-T2* mapping; GRE-T2*, T2* values derived from GRE-T2*

mapping; GRE, gradient echo; UTE, ultrashort echo time.

Figure 4 A 30-year-old man with axial spondyloarthritis. (A) Oblique coronal fat-saturated T2-weighted imaging of the SIJs revealed left
subchondral bone marrow edema (solid arrow). The 3D-UTE sequence at TEs of (B) 0.05 ms, (C) 2.5 ms, and (D) 5 ms revealed bilateral
multiple bone erosions (solid arrows). The corresponding UTE-T2* mapping (E) and conventional T2* mapping (F) revealed color-coded

SIJ cartilage (solid arrows). The color gradient from green to red corresponds to the increasing T2* values of the SIJ cartilage. SIJ, sacroiliac

joint; UTE, ultrashort TE; TE, echo time.

for reader 2, these AUCs were 71.6% (95% CI: 58.8—
84.4%) and 67.1% (95% CI: 54.0-80.2%). The AUCs
showed no significant difference between the UTE-T2*
and GRE-T2* values for either reader (reader 1: Z=0.961,
P=0.54; reader 2: Z=1.283, P=0.20). The T2* measurements
of the SIJ cartilage showed excellent intra- and interobserver

Discussion

agreement (ICC 80.5-82.2%; all P values <0.001) (Zable 5).

The detection of structural lesions such as bone erosions
plays a critical role in distinguishing axSpA from
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Figure 5 Box plot diagrams illustrating that the cartilage T2* values of the sacroiliac joints on both (A,C) 3D-UTE-T2* mapping and (B,D)
GRE-T2* mapping are higher in patients with axSpA than in healthy controls. UTE, ultrashort echo time; GRE, gradient echo; axSpA, axial

spondyloarthritis.
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Table 3 Comparison of T2* values of the sacroiliac joint cartilage derived from UTE- and GRE-T2* mapping

Health

Reader Group UTE-T2* (ms) GRE-T2* (ms) t P

Reader 1 axSpA patients 20.694+1.998 19.549+1.648 3.538 <0.001
Healthy controls 19.261+1.772 18.490+1.938 2.351 0.020

Reader 2 axSpA patients 20.454+1.646 19.833+1.838 2.011 0.046
Healthy controls 19.195+1.900 18.715+1.721 1.498 0.137

Data are presented as mean + standard deviation. UTE-T2*, T2* values derived from UTE-T2* mapping; GRE-T2*, T2* values derived from
GRE-T2* mapping; UTE, ultrashort echo time; GRE, gradient echo; axSpA, axial spondyloarthritis.

Table 4 ROC analysis of cartilage T2* values in the diagnosis of patients with axial spondyloarthritis

Reader Parameter Cutoff value (ms) Sensitivity Specificity AUC 95% ClI P

Reader 1 UTE-T2* 20.653 62.5% 78.1% 73.3% 61.0-85.6% 0.001
GRE-T2* 18.420 81.3% 53.1% 67.7% 54.4-80.9% 0.015

Reader 2 UTE-T2* 18.885 84.4% 50.0% 71.6% 58.8-84.4% 0.003
GRE-T2* 18.514 71.9% 59.4% 67.1% 54.0-80.2% 0.019

ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval; UTE-T2*, T2* values derived from UTE-T2*
mapping; GRE-T2*, T2* values derived from GRE-T2* mapping; UTE, ultrashort echo time; GRE, gradient echo.

noninflammatory mechanical conditions. A previous study
using the ASAS operational definition for bone erosion
reported that 90.7% of patients with SpA exhibited SIJ bone
erosion, but this was observed in only 3.8% of patients with
nonspecific back pain and 1.7% of healthy controls (17). In
our study, the 3D-UTE sequence provided high diagnostic
accuracy and interreader agreement at the quadrant level
for detecting bone erosion in the SIJ. Consequently, it can
be considered a valuable imaging method for the diagnosis
of axSpA. The diagnostic performance of erosion detection

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

depends on the MRI slice thickness (9,18). Chen ez al.
indicated that the thinner the slice thickness is, the higher
the false-positive rate and the lower the specificity of T'1-
weighted imaging in diagnosing SIJ bone erosion of SpA,
which may be related to the decreased signal-to-noise and
contrast-to-noise ratios with a thinner slice thickness and
smaller interslice gap of the 2D sequence (18). However,
the 3D-UTE sequence can produce relatively thinner image
slices with high in-plane resolution, which contributes to
the detection of small bone erosions and an increase in
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Figure 6 Receiver operating characteristic curves of ultrashort echo time and gradient echo T2* relaxation time measurements in

differentiating patients with axial spondyloarthritis from healthy controls. Results from (A) reader 1 and (B) reader 2. UTE-T2*, T2* values
derived from UTE-T2* mapping; GRE-T2*, T2* values derived from GRE-T2* mapping. UTE, ultrashort echo time; GRE, gradient echo;

ROQC, receiver operating characteristic.

Table 5 Intra- and interobserver agreement on T2* value measurement

Reader 1 Reader 2 Interobserver
Parameter
ICCs 95% ClI ICCs 95% Cl ICCs 95% Cl
UTE-T2* 80.5% 69.9-87.7% 81.6% 71.4-88.4% 81.5% 70.9-88.4%
GRE-T2* 81.9% 71.8-88.6% 82.2% 72.3-88.8% 80.8% 70.3-87.9%

ICC, interclass correlation coefficient; Cl, confidence interval; UTE-T2*, T2* values derived from UTE-T2* mapping; GRE-T2*, T2* values

derived from GRE-T2* mapping; UTE, ultrashort echo time; GRE, gradient echo.

diagnostic specificity. The study by Xie et 4/. compared
the VIBE sequence with different slice thicknesses and
T1-weighted images for the identification of SIJ erosion
detection in 96 patients suspected of SpA and found that the
VIBE sequence with a 1.2-mm slice thickness was the most
sensitive and accurate for erosion detection at the bone and
whole-joint levels, which partially similar to our findings (9).
Furthermore, cartilage, particularly at the cartilage-bone
interface, comprises bound water and collagen structures
with short T2* relaxation times. Although these tissues
often appear dark on conventional MRI sequences due to
their rapid signal decay, UTE sequences render them with a
high signal. This provides outstanding contrast between the
articular cartilage and the bone cortex interface. Hahn et 4.
found that 2D-UTE imaging provided better diagnostic
performance for identifying SIJ bone erosion than did T'1-
weighted imaging and 3D DESS sequences (19). In our
study, fewer erosions were detected with the 3D-UTE
sequence than with CT. This observation may be attributed

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

to the following factors: CT offers high contrast between
bone and the surrounding soft tissue, which facilitates clear
visualization of fine osseous details and subtle erosions.
On the other hand, although MRI provides excellent soft
tissue contrast, it can sometimes face limitations in spatial
resolution. Consequently, some smaller erosions might
not be discernible on MRI. Our research results indicated
excellent consistency between the two observers when
identifying bone erosion on the UTE sequence. Several
factors might account for this consistency: Erosions
presented with a clear and unambiguous appearance, which
could have minimized ambiguity and potential variability
between observers. Moreover, bone erosions were evaluated
using a quadrant-based approach rather than with the
one-for-one method. A comparison of the sharpness of
bone erosion contours across sequences was omitted, as
detection is influenced by slice thickness. In our study, the
slice thickness of conventional sequences was 4 mm, while
that of UTE sequences was 1 mm. The added value of
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UTE sequences over conventional methods for diagnosing
bone erosion warrants further exploration in subsequent
research. Our results indicated that the appearance of bone
erosions on UTE images was similar across different TEs.
This implies that when the main objective is morphological
assessment, particularly of bone erosion, an extremely short
TE (e.g., 0.05 ms) in the 3D-UTE sequence may not offer
significant advantages. Using a 3D-GRE sequence with a
slightly longer TE may be efficient for such assessments
and might reduce acquisition times and enhance resource
optimization. The primary advantage of UTE sequences
lies in their ability to visualize tissues with extremely short
T2* relaxation times, a feature that is particularly valuable
when observing the interface between articular cartilage
and bone. In our subsequent study, we plan to compare
the ability of the 3D-UTE sequence to diagnose SIJ bone
erosion in patients with axSpA with that of the conventional
3D-GRE sequence.

To the best of our knowledge, no data are available
regarding SIJ cartilage T2* measurement for axSpA
assessment although UTE-T2* mapping has been widely
investigated in regard to quantitatively probing articular
cartilage degeneration, meniscus and ligament injuries,
and enthesitis (20-23). In this study, the T2* relaxation
times of the SIJ cartilage in patients with axSpA were
significantly higher than those in healthy individuals in
UTE-T2* mapping. Cartilage damage is a key feature of
inflammatory arthritis and is caused by pannus invasion
and the presence of cytokines and proteases in the synovial
fluid (24). Similar to the peripheral joints, the sacroiliac
cartilage is mostly composed of hyaline cartilage, with the
articular surface of the ilium being a fibrocartilage that is
present in childhood and converts to hyaline cartilage with
age (25). As proven by CT-guided needle biopsy, cartilage
abnormalities of the SIJs in axSpA manifest as degeneration,
fragmentation and erosions, fibrosis, and ossification (26,27),
with cartilage degeneration being the most significant
manifestation of early sacroiliitis (28). Changes in early
cartilage degeneration include decreased proteoglycan
concentration, collagen fibril network disorganization, and
increased water content in the cartilage matrix (29,30),
which can lead to elevated T2* values of the cartilage. In
one study, UTE-T2* imaging was able to capture signals
from both long and short T2* components and was more
sensitive to cartilage matrix degeneration than T2* values
obtained with conventional MRI techniques (31). Previous
research indicates that elevated UTE-T2* values in the knee
cartilage of patients undergoing anterior cruciate ligament
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reconstruction can predict future osteoarthritis and correlate
well with clinical biomarkers of increased osteoarthritis
risk (13,32). UTE-T2* mapping can also be used to assess
calcified layers of the cartilage, which may be related to
the early pathogenesis of cartilage degeneration (33).
Monoexponential UTE-T2* value decreases with the
increasing degree of degeneration; moreover, a significant
correlation between increasing short T2* fractions and
worsening degrees of degeneration on bicomponent analysis
has been identified (34).

One study reported that the thickness of the iliac and
sacral cartilages in the SIJ ranges from 0.2 to 1.2 mm (with
an average of 0.7 mm) and from 0.3 to 2.1 mm (with an
average of 1.1 mm), respectively, in cadaveric specimens
aged between 20 to 45 years (35). This could be one of the
reasons why the calcified layers of the SIJ cartilage were not
visualized in our study. As SpA frequently impacts younger
individuals, we only contrasted the T2* values of the SIJ
cartilage between patients with SpA and healthy volunteers.
We postulate that T2* values of SIJ cartilage possess limited
utility in distinguishing sacroiliitis from SIJ osteoarthritis
given that the conditions may induce cartilage damage via
distinct mechanisms. In our study, the eldest patient in
the axSpA cohort was considerably older than the eldest
volunteer. Although only one patient in each group was
over 40 years old, the possibility of an age-related increase
in T2* values should not be dismissed. As with other body
parts, the SIJ naturally undergoes degeneration as part of
the aging process. The onset of this degeneration can differ
across individuals. Although the inflammation in SpA is
distinct from general degeneration, prolonged inflammation
may eventually result in joint degradation. Pinpointing the
exact age at which SIJ degeneration commences is difficult,
which is why our study did not set an age limit for the
inclusion of patients with SpA. Perhaps T2* values of the
SIJ cartilage could serve to differentiate patients with SpA
from individuals experiencing mechanical low back pain of
other origins, potentially constituting an objective of future
investigations.

We found that T2* values of the SIJ cartilage derived
from 3D-UTE sequence were higher than those derived
from conventional T2* mapping; however, the difference
was modest. Despite the two sequences being inherently
different, our intention was to determine whether the
UTE sequence could provide comparable, if not better,
information than the conventional sequence in the context
of our study. We understand that direct quantitative
comparisons might be challenging, but qualitative
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assessments and trend observations can still be of value.
The accurate measurement of 12* relaxation times hinges
on capturing the signal decay over a range of TEs. UTE
sequences in our study used very short TEs (TE <5 ms)
without including longer TE values, and they might not
have optimally represented the decay curve for tissues
with longer T2* values. Conversely, the GRE sequence,
with a broader TE range, can capture this decay more
comprehensively. Unfortunately, adding a long TE
increases the TR for all acquisitions and prolongs the scan
time to an impracticable total acquisition time. Fitting
accuracy generally improves with a higher number of
sample points (echoes). Thus, a sequence with more TEs
might yield a more accurate and stable fit than would one
with fewer TEs. In our study, the 3D-UTE sequence had
three TEs while the conventional T2* mapping sequence
had five. This difference could have influenced both the
accuracy and precision of the derived T2* values. UTE
sequences should ideally add voxels with shorter T2* values
to the ROIs, and this addition would typically pull the
mean T2* value downward. However, the mean T2* value
is influenced not just by the voxels’ T2* values but also by
the relative contribution (or weighting) of each voxel. Other
factors, such as the fitting algorithm employed and the
signal-to-noise ratio, can play pivotal roles in the resultant
mean value. Monoexponential fitting, which is typically
used to derive T2* values, can be sensitive to noise. Indeed,
we must admit that the measurement is easily affected by
the surrounding structure and artifacts due to the thinness
of the SIJ cartilage.

The T2* value reflects a contribution from the T2 value
and additional factors related to the macromolecular content
of the cartilage based on microsusceptibility effects (36).
Mamisch et al. observed that T2* and T2 values of the knee
for healthy articular cartilage and cartilage repair tissue after
microfracture therapy showed a positive correlation (37).
Previous studies have reported that T2 relaxation times
of the SIJ cartilage were significantly higher in patients with
axSpA than in healthy controls (11,38). SIJ cartilage T2* values
of different anatomical regions were not compared in our
study because a previous study found there to be no substantial
differences across regions in healthy volunteers (15). The
reproducibility of the UTE-T2* measurements of the SIJ
cartilage in our study was good, although ROIs may be
influenced by the partial volume effect of adjacent bone or
ligamentous structures.

Our study has some limitations that should be mentioned.
To begin, we used a relatively small sample size and a
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single-institution design. Furthermore, bone erosions were
assessed holistically using a quadrant-based approach, which
might have overestimated the accuracy of UTE sequences
in diagnosing bone erosion. Nevertheless, our findings
suggest that only minor or diminutive bone erosions could
potentially elude detection on UTE sequences. When
multiple bone erosions are present within a quadrant,
overlooking minuscule erosions does not impede the SpA
diagnosis. However, contamination of T2* relaxation
measurements by joint space contents and the vacuum
phenomenon cannot be ignored. Excluding the intermediate
area using an automatic cartilage segmentation tool, as
suggested in a prior study (10), might offer a viable solution
to this issue. Additionally, longer T2* components may not
be sufficiently sampled or quantified accurately with only
TEs, and this may lead to inaccuracies in estimating the
longer T2* values. A potential improvement for future work
might include acquiring additional longer TEs to better
capture and quantify the longer T2* components even if the
primary interest is the shorter T2* values. Moreover, the
fitting process for UTE-T2* mapping, especially with fewer
TEs, might be less stable and thus more sensitive to minor
fluctuations in signal intensity. This sensitivity can produce
noisier maps, especially if there is a variation in the signal
due to physiological factors or slight movement artifacts.
Employing dual UTE sequences at varying echo times has
the drawback of extending scan duration and potentially
introducing motion and respiratory artifacts, which may
adversely affect the precision of T2* measurements.
These artifacts, chiefly concentrated in the superior
region of the SIJs, were intentionally excluded during the
quantification of T2* cartilage values. Despite this, our
results demonstrated that the UTE-T2* measurements of
the SIJ cartilage exhibited good reproducibility, implying
that the influence of image artifacts was considerably
mitigated. However, these problems can be reduced or
even circumvented entirely through the use of a multiecho
acquisition scheme, which allows for the acquisition
of multiple echoes at different TEs within a single
measurement. We must also consider the potential impact
of both gender and age on the T2* values of SIJ cartilage.
Despite there being no significant statistical difference in
gender or age between our two study groups, these factors
might have nonetheless influenced the results. In future
research, it would be prudent to incorporate a control group
that pairs each SpA patient with a healthy counterpart based
on gender and age. This would help mitigate the influence
of confounding variables other than SpA on the T2* values.
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Finally, assessing the correlation between cartilage T2*
values and histological findings can facilitate further clinical
interpretation even if SIJ biopsy is not recommended in
daily clinical practice.

In conclusion, our study demonstrates that 3D-UTE
sequences have high diagnostic performance for SIJ bone
erosion in patients with axSpA that is comparable to that
of CT. Moreover, the UTE-T2* relaxation times of the
SIJ cartilage may be a quantitative parameter adjunctive to
standard MRI for axSpA diagnosis.
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