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Feasibility of T2 Mapping of the Sacroiliac Joints
in Healthy Control Subjects and Children and Young
Adults with Sacroiliitis
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Objective. To assess the feasibility of T2 mapping for evaluating pediatric SIJ cartilage at 3 Tesla (T) magnetic
resonance imaging (MRI).

Methods. Healthy control subjects and adolescents with sacroiliitis underwent a 3T MRI dedicated pelvic protocol
that included a T2 mapping sequence consisting of multislice, multiecho acquisition. Healthy control subjects were
prospectively recruited from our primary care practices as part of a larger imaging study, whereas adolescents with
sacroiliitis were recruited specifically for this study. Regions of interest (ROIs) were hand-drawn by a senior pediatric
radiologist twice and a radiology fellow twice to calibrate and test reliability using the intraclass correlation coefficient
(ICC). T2 relaxation time between control subjects and cases was compared using univariate linear regression. We
tested the association of T2 relaxation time in adolescents with sacroiliitis with patient-reported outcomes and the
Spondyloarthritis Research Consortium of Canada sacroiliac joint (SIJ) inflammation and structural scores using Pear-
son correlation coefficients.

Results. Fourteen subjects were evaluable (six control subjects: median age 13.7 years [interquartile range (IQR):
12.2-15.5], 67% male patients; eight cases: median age 17.4 years [IQR: 12.5-20], 88% male patients]. Acquisition
time for T2 mapping sequences was approximately 6 minutes, and segmenting the ROI for each SIJ took approxi-
mately 3 minutes. The intrarater and inter-rater ICCs were 0.67 and 0.46, respectively, indicating good to fair reliability.
There was a trend, albeit statistically insignificant, in longer median T2 relaxation time in cases (43.04 ms; IQR:
41.25-49.76 ms) versus healthy control subjects (40.0 ms; IQR: 38.9-48.6 ms). Although not statistically significant,
cases with longer T2 relaxation time tended to occur with poorer patient-reported outcomes. Correlations with the
SlJ inflammation and structural lesion scores were weak.

Conclusion. T2 mapping of the SlJ cartilage in children was feasible and reliable. Larger controlled and longitudinal
assessments are needed to assess the validity and utility of these measurements for routine clinical practice and trials.

INTRODUCTION morbidity and dysfunction (2). The SIJ is a complex structure that

undergoes many physiological changes over a lifetime and is

Children and adolescents with juvenile spondyloarthritis
(SpA) are at risk of developing sacrailiitis, or inflammation of the
sacroiliac joints (SlJs) (1). Sacroiliitis is common at diagnosis of
SpA and is frequently asymptomatic, which is problematic
because, if left untreated, sacroilitis may result in long-term
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known to have many anatomic variants (3,4). The SlJ is a dia-
rthroidal joint with hyaline cartilage covering the sacral surface
and a thin fibrocartilage covering the iliac surface (5). The upper
dorsal part of the joint is fibrous, whereas the inferior or distal third
of the joint resembles a synovial joint with an inner capsule
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containing synovial cells (5). Magnetic resonance imaging (MR) is
increasingly used to evaluate the SIJ, focusing on the distal third
of the joint, particularly when inflammation is suspected.

Traditional MRI methods are based on visual detection of the
disease. Fluid-sensitive sequences in standard magnetic reso-
nance pelvic protocols are neither quantitative nor sufficient for
early identification of cartilage damage. T2 mapping is a noninva-
sive method that provides a quantitative means to identify the
early stages of cartilage matrix degeneration that precedes visible
morphologic damage (6-8). T2 relaxation times have the potential
to detect ultrastructural changes in cartilage, including proteogly-
can content, water mobility, compressibility, and orientation. Lon-
ger T2 relaxation times signify higher extracellular water content,
which is the earliest detectable change that corresponds with
inflacsnmation and cartilage degeneration in the joints (9). In a
recent study by Renner et al, longer disease duration (as a proxy
for prolonged synovitis) and the presence of anticitrullinated pro-
tein antibodies and rheumatoid factor were associated with lon-
ger T2 relaxation time in adults with rheumatoid arthritis (9).

T2 relaxation time mapping has been studied in rheumatoid
arthritis (9), osteoarthritis (10), postoperative knee (11) and ankle
repair (12), juvenile osteochondrosis (13), and the healthy pediat-
ric knee (14). Furthermore, in a longitudinal study of children with
early juvenile idiopathic arthritis, despite improved clinical assess-
ments, T2 values increased from the 3- to 24-month assessment,
suggesting progressive microstructural changes that were not
detectable with standard imaging (15). All these studies suggest
a role for longitudinal quantitative assessment and outcome prog-
nostication. In a preliminary feasibility study on adults, T2 map-
ping of the SIJ was deemed feasible on a 3 Tesla (T) MRI
scanner (16); however, no pediatric subjects were included.
Another feasibility study of T2 mapping of the adult SIJ on 1.5T
MRI scanner confirmed feasibility and demonstrated higher T2
relaxation times in female versus male patients and an inverse cor-
relation between T2 relaxation and body mass index (17). In a
recent study of adults with axial spondyloarthritis and healthy con-
trol subjects, mean T2 relaxation times were significantly higher in
cases (18). A T2 value of 52.5 milliseconds yielded excellent sen-
sitivity (100%) and specificity (91.7%) to distinguish adults with
axial disease and control subjects (18). The feasibility of
T2-mapping has not been studied in children.

There is increasing evidence in juvenile arthritis (19-22) and
adult SpA (23-26) that there is a “window of opportunity” during
which early aggressive therapy can impact the treatment course
and long-term outcomes. In one trial, for each month less of dis-
ease duration prior to initiation of biologic disease-modifying anti-
rheumatic drug therapy, there was 30% increased odds of
attaining clinically inactive disease (27). In adults with ankylosing
spondylitis, it has been shown that acute inflammatory lesions
may resolve completely but that more advanced and chronic
lesions do not and are associated with new bone formation and
likely ankylosis (23). In another study of patients with ankylosing

spondylitis treated with tumor necrosis factor inhibitor (TNFi)
agents, earlier initiation of TNFi therapy was associated with less
progression (28). Lastly, there is recent evidence to suggest that
longer duration of inflammation is associated with more progres-
sion (23). Therefore, accurate and timely diagnosis of sacrailiitis is
critical to long-term outcomes. Studies from adults with osteoar-
thritis established strong correlations between T2 mapping and
histologic characteristics despite the lack of abnormal morphology
on conventional MRI (7,8,29). There is opportunity with novel and
more sensitive imaging techniques, such as T2 relaxation time
mapping, to augment our ability to detect early disease and dam-
age and monitor for changes (progression or reversal) over time.

The aim of this preliminary study was to assess the feasibility
of using T2 mapping as a tool for quantitative analysis of SIJ carti-
lage at 3T for potential use in future clinical trials. We additionally
compared T2 relaxation times in healthy control subjects with
patients with a history of sacrailiitis.

PATIENTS AND METHODS

The same T2 mapping sequences were added to the proto-
cols of two studies to investigate the feasibility of T2 mapping as a
tool for quantitative analysis of the sacroiliac cartilage. Healthy
control subjects were recruited as part of a larger imaging study
(80), whereas adolescents and young adults with established
sacroiliitis were evaluated as part of a distinct study. The institu-
tional review board at the hospital has reviewed and approved
these studies (16-012981 and 18-015236), and informed con-
sent and assent were obtained from all guardians/participants.

Subjects. Six healthy control subjects with no personal his-
tory of back pain, trauma, or surgery and no endocrine, oncologic,
or rheumatologic disease were prospectively recruited from our pri-
mary care practices as part of a larger imaging study (30). Ten sub-
jects with juvenile spondyloarthritis and known sacroilitis were
prospectively recruited from the rheumatology clinic at our hospital.
Sacrailiitis in cases was previously identified by clinical symptoms
and examination with confirmation of periarticular bone marrow
edema (BME) using standard MRI as part of routine clinical care.
Subjects with a contraindication to MRI or inability to undergo MR
without sedation were excluded. As this was a feasibility study,
we did not power the number of subjects needed to find a statisti-
cally significant difference between cases and control subjects.

Data collected on subjects or abstracted from the electronic
medical health record included demographics, patient-reported
overall global assessment on a visual analog scale (VAS; range:
0-10, higher scores indicate worse status), disease activity
assessment (VAS; range: 0-10, higher scores indicate more dis-
ease activity), overall pain (VAS; range: 0-10, higher scores indi-
cate more pain), and axial pain (VAS; range: 0-10, higher scores
indicate more pain). Several Patient-Reported Outcomes Mea-
surement Information System (PROMIS) pediatric measures
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Table 1. MRI protocol

Parameter Quantitative T2 mapping

Pulse sequence 2D MSME
Number of echoes 8

TR, ms 1870
TES, ms) 13-110
Number of slices 8-16
Flip angle, degrees 90
Slice thickness, mm 4
Acceleration factor 2
Matrix size 128 x 128
Approximate scan time, min 6

Abbreviations: 2D, two-dimensional; MRI, magnetic resonance
imaging; MSME, multislice, multiecho; TE, echo time; TR, repeti-
tion time.

physical function, pain interference, fatigue, and global health)
31) as well as the Bath Ankylosing Spondylitis Functional Index
32) and Bath Ankylosing Spondylitis Disease Activity Index
BASDAI) (33) (range: 0-10) were also collected. Raw PROMIS
measure scores were converted to T-scores with mean = 50
(SD = 10) according to the appropriate scoring manuals available
at healthmeasures.net. Imaging studies were obtained from the
picture archiving and communication system for analysis.

—~ e~ =

MRI protocol. Oblique-coronal small field-of-view
T1-weighted and short t inversion recovery (STIR) sequences of
the SlJs were performed as part of our standard pelvic imaging pro-
tocol. T2 mapping of the SIJ included a multislice multiecho spin-
echo acquisition sequence with eight echoes (echo time
[TE] =13, 27, 41, 55, 69, 82, 96, and 110 ms), a repetition time
(TR) of 1870 ms, and an acquisition time of approximately 6 minutes
(field of view, 160 x 160 mm,; slice thickness, 4 mm; number of
slices, 8-16; flip angle, 90°; parallel acceleration, 2; number of aver-
ages, 1; acquisition matrix, 128 x 128 [protocol parameters are

summarized in Table 1]). The total scan time (standard imaging plus
T2 mapping) was approximately 60 minutes. Scans were per-
formed on a 3T magnetic resonance scanner (Prisma, Siemens)
using the built-in spine array and eight-channel abdomen receive-
only coil. Unwanted BO and B1 inhomogeneity can affect a study
in a variety of ways, including spectral line broadening and errone-
ous results. As part of image acquisition, we performed second
order BO and B1 shimming to minimize any inhomogeneity effects.
The T2 relaxation times calculated with this method have been used
previously to evaluate cartilage and have been shown to be repro-
ducible (16,17). T2 relaxation time mapping was performed on an
axial oblique slice perpendicular to the S1 to S3 axis (Figure 1).

Image analysis. The SlJs of healthy control subjects were
compared with the cases with sacroiliitis. A custom software,
written in C# and C++, which are broadly used programming lan-
guages, was used for postprocessing and generating T2 relaxa-
tion maps (Dmitry Khrichenko, www.parametricMRI.com). Digital
Imaging and Communications in Medicine images were exported
offine and loaded into the software. T2 maps were generated
based on a monoexponential model using a least-squares fitting
algorithm. Regions of interest (ROls) for monoexponential fitting
of average signal intensity were meticulously drawn across the
cartilaginous portion of the SlJs by a board-certified pediatric
radiologist with more than 5 years postfellowship experience with
care to avoid inclusion of any subchondral bone (MLF). In order to
determine intrarater and inter-rater reliability, this process was
repeated by the same senior pediatric radiologist 6 months later
(MLF) and by a pediatric radiology fellow (LG). Measurements
were taken on all slices on which the cartilaginous portion of the
SIJ was clearly visible. The possibility of SIJ fluid or gas was
accounted for by evaluating the STIR and T1 sequences. No SIJ
fluid or gas was present in the studied cases. After the initial

Figure 1. Slice positioning for SIJ image acquisition. (A) Oblique axial slices planned perpendicular to S1-S3. (B) Representative T2 mapping
slices across the six individual TEs used to generate the T2 maps. TE, echo time.
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intrarater and inter-rater reliability assessment, a calibration exer-
cise was performed consisting of review of four cases, which
were discussed and scored separately to assure concordance.
The full set of cases were then reassessed by both radiologists,
and intrarater and inter-rater reliability was reassessed. Data from
the case assessment (MLF) following calibration is presented in
the ResuLts, tables, and figures.

The first TE images in each calculation were excluded to
avoid overestimation of T2 values in accordance with previous

literature (34-36). The T2 relaxation time for each pixel was calcu-
lated by fitting the measured signal intensity to the equation S
(TE) = S0el" ™1 L G, in which T2 is the T2 relaxation time,
S(TE) is the signal intensity at TE, SO is the theoretical signal inten-
sity at time TE = 0, and C is the noise plateau offset. Interpretation
of T2 relaxation time from a representative case is shown in
Figure 2.

Each MRI study was evaluated for active inflammatory
lesions (BME, capsulitis, SIJ effusion, and enthesitis outside of

5 260
9 20
=

=20

c
D200
7}

Signal Intensity vs Echo Time (ms) Monoexponential decay fit

T2:36.29ms

T2:38.13ms

15 20 25 30 35 40 45 50 55 60

70 75 80 85 90 95 100 105 10 115 120

Echo Time (ms)

Figure 2. Interpretation of T2 relaxation time from representative cases, a 20-year-old patient from our cohort. (A) Axial T2 weighted regions of
interest (ROIs) drawn on the left (blue) and right (red) sacroiliac joints. (B) T2 map overlay on the anatomical image. Color spectrum represents T2
relaxation times anchored at O ms (purple) and 200 ms (red). (C) Monoexponential fit T2 relaxation curves for the 2 ROIs in A (red = right joint and

blue = left joint) with the first echo excluded.
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the SIJ) and structural lesions (erosion, sclerosis, and ankylosis).
Inflammation was assessed using the Canadian Research and
Education Arthritis platform and Spondyloarthritis Research Con-
sortium of Canada (SPARCC) SIJ Inflammation Score scoring
module. Details about the platform and scoring have been previ-
ously published (37), and both are reliable assessments in chil-
dren and adolescents (38,39). The inflammation score quantifies
the presence, depth, and intensity of BME on STIR MRI (total
score, 0-72).

Data analysis. Demographics and clinical characteristics
were summarized by median and interquartile range (IQR).
Intracbserver and interobserver reliability was assessed using
intraclass correlation coefficients (ICCs) with 95% confidence
intervals (Cls) before and after calibration of the two radiologists
interpreting the studies (MLF and LG). An ICC below 0.40 was
considered poor, between 0.40 and 0.59 was considered fair,
between 0.60 and 0.74 was considered good, and between
0.75 and 1.00 was considered excellent (40). For assessment of
T2 relaxation values, each subject contributed two joints (the left
and right SIJs). All linear regression models accounted for cluster-
ing by subject. Association of T2 relaxation time with age was
stratified by case versus control. Effect of sex or race/ethnicity
was not assessed because of limited sample size. Association of
T2 relaxation time with patient-reported outcomes (PROMIS
mobility, PROMIS upper-extremity function, and PROMIS pain
interference) was performed in all patients using linear regression
adjusted for case—control status. Correlation of T2 relaxation time
in children with sacrailitis with the SPARCC SIJ Inflammation
Score and Structural Score lesions (except ankylosis because
that implied no evaluable joint space) was assessed using the

Pearson correlation coefficient. Correlation coefficients of 0.1 to
less than 0.3, 0.3 to less than 0.5, and 0.5 to 1.0 were considered
weak, moderate, and strong correlation, respectively.

RESULTS

Six healthy control subjects (median age: 13.7 y; IQR:
12.2-15.5 y; range: 11.2-17.0 y) and eight cases with a history of
sacrollitis (median age: 17.4years; IQR: 12.5-20 vy; range:
8.0-20.7 y) were evaluable. Two patients with a history of sacrailiitis
were excluded from analysis. One patient was excluded because of
severe motion artifacts, and the other was excluded because of
complete ankylosis and hence no evaluable joint space. Patient
demographics are shown in Table 2. Although the median age of
cases is higher than that of control subjects, this difference was
not statistically significant (P = 0.09). Sixty-seven percent (4/6) of
healthy control subjects were male, and 83% (5/6) were nonwhite.
Eighty-eight percent (7/8) of patients with a history of sacroiliitis were
male, and 50% (4/8) were nonwhite. Seventy percent of cases with
sacroiliitis were HLA-B27 positive, and the median disease duration
was 3.0 years (IQR: 0.5-5.3 y). Patient-reported outcomes were
indicative of low to moderate disease activity, with a median
patient-reported global assessment of 2 (IQR: 0.0-6.0) and disease
activity assessment of 4.5 (IQR: 0.5-6.0). Three patients (37.5%)
had a BASDAI score greater than 4 (median: 1.8; IQR: 1.1-4.9).
Patients with sacroiliitis reported overall and axial median pain
scores of 3 (IQR: 0.0-6.5) and 1.5 (IQR: 0.5-6.0), respectively.

Segmentation and drawing the ROl for each joint
took approximately 3 minutes per side. The intrarater and inter-
rater reliability were fair and poor with ICCs of 0.40 (95% Cl:
0.04-0.67) and 0.24 (95% Cl: —0.33 to 0.71), respectively, before

Table 2. Subject demographics and patient-reported outcomes among case and control subjects

All Cases Control Subjects P

(N=14) (n=28) (n=16) Value

Age, median (IQR), y 14.7 (12.5-18.3) 17.4(12.5-20) 13.7(12.2-15.5) 0.28

Sex, male, n (%) 11 (78.6) 7 (87.5) 4(66.7) 0.09

Race, white, n (%) 9 (64.3) 4 (50) 5(83.3) 0.20
Disease duration, median (IQR), y - 3.0(0.5-5.3) - -
BASFI, median (IQR) - 0.9(0.4-3.7) - -
BASDAI, median (IQR) - 1.8 (1-4.9) - -
Patient pain VAS,? median (IQR) - 3(0-6.5) - -
Patient global VAS,® median (IQR) - 2 (0-6) - =
Patient disease activity VAS,® median (IQR) - 45 (0.5-6) - -
Axial pain VAS,? median (IQR) = 1.5(0.5-6) = =
PROMIS mobility,® median (IQR) 59 (52-59) 55.5 (44.5-59) 59 (59-59) -

PROMIS upper e><tremity,b median (IQR) 57 (49-57) 57 (47-57) 57 (57-57) 0.48

PROMIS pain interference,® median (IQR) 34 (34-51.7) 46.2 (34-59.5) 34 (34-34) 0.09
PROMIS fatigue,” median (IQR) - 409 (36.7-49.8) - -
PROMIS global health,? median (IQR) - 50.4 (40.5-57) - -

Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; IQR, inter-
quartile range; PROMIS, Patient-Reported Outcomes Measurement Information System; VAS, visual analog scale.

@ VAS ranges from 0 to 10, in which 10 was indicative of worse status.

P Higher scores in each of the PROMIS instruments represent more of the trait being measured (more mobility and upper-extremity function,
increased interference from pain, more fatigue, and better global health). Raw PROMIS measure scores were converted to T-scores with
mean = 50 and SD = 10 according to the appropriate scoring manuals available at healthmeasures.net.
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Table 3. Association of T2 relaxation time with subject demographics and patient-reported outcomes using linear regression stratified by expo-
sure (case vs control) or measured in all subjects, adjusting for clustering by subject

Control Subjects (n = 6) Patients with Sacroiliitis (n = 8) All Subjects
{3 Coefficient P B Coefficient P [ Coefficient P
(95% Cl) Value (95% Cl) Value (95% Cl) Value
Age,y 0.96 (—1.49 to 3.41) 0.36 —1.39(-2.05to —0.73) <0.01 -
PROMIS faﬁguea'b - - 0.28 (0.01 to 0.54) 0.04 - -
PROMIS global health®? - - —0.37(-1.0510 0.31) 0.24 - -
BASDAI® - - 0.14(=2.97 to 3.24) 092 - -
BASFIP - 0.21 (—2.77 t0 3.20) 0.87 - -
Patient pain VASP< - - 0.11(—=0.10t0 0.32) 0.25 - -
Patient global assessment VASP© - - 0.17 (—=0.01 to 0.36) 0.06 - -
Patient disease activity VASP© - - 0.18 (0.06 to 0.30) <0.01 - -
Axial pain VASPE - - —0.03 (—0.25 to 0.20) 0.79 - -
PROMIS mobility? —0.10 (—0.60 to 0.39) 0.66
PROMIS upper-extremity —0.72 (-1.06 to —0.38) <0.01
function®

PROMIS pain interference® 0.28 (=0.15t0 0.71) 0.18

Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; Cl, confidence
interval; PROMIS, Patient-Reported Outcomes Measurement Information System; VAS, visual analog scale

@ Higher scores in each of the PROMIS instruments represent more of the trait being measured (more mobility and upper-extremity function,
increased interference from pain, more fatigue, and better global health).

® Measured only in patients with sacroiliitis (n = 8).

€ VAS ranges from 0 to 10, wherein 10 was indicative of worse status.

calibration. After calibration, the intrarater and inter-rater reliability
both improved, respectively, to “good” and “fair” with ICCs of
0.67 (95% CI: 0.25-0.85) and 0.46 (95% CI: 0.13-0.70). The
median T2 relaxation time in control subjects was 40.02
miliseconds (IQR: 36.16-47.13 ms). Table 3 shows the
association of T2 relaxation time and patient demographics and
patient-reported outcomes using linear regression accounting
for clustering by subject. Although not statistically significant,

cases with longer T2 relaxation time tended to occur with poorer
patient-reported outcomes, with the exception of axial pain VAS
which had a B coefficient of O.

The median T2 relaxation times in cases and control subjects
were 43.04 miliseconds (IQR: 41.25-49.76 ms) and 40.02 milli-
seconds (IQR: 36.16-47.13 ms), respectively. Figure 3 shows
the range of T2 relaxation time in control subjects, cases with
active inflammation, and cases with chronic inflammation.
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Figure 3. T2 relaxation times in the joints of healthy control subjects (n = 12 joints), patients with active inflammation (n = 6 joints), and patients
with chronic inflammation (n = 8 joints). Active and chronic inflammation groups are not mutually exclusive.
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There were no inflammatory or structural abnormalities in the
healthy control subjects. Of the subjects with a known history of
sacroiliitis, three (38%) had detectable bilateral subchondral BME
on STIR images. The SPARCC inflammation score for each of these
joints, by subject, was 1 and 1, 21 and 18, and 22 and 10. In cases,
the median T2 relaxation times for joints with (n = 6; 42.86 ms; IQR:
41.54-48.23 ms) and without detectable subchondral BME (n = 10;
45.31 ms; IQR: 40.95-51.14 ms) on STIR was not statistically differ-
ent (P = 0.74). At least one chronic lesion was detected in all cases
with sacrailitis. Of cases (n = 16 total joints), 13 (81%), five (31%),
four (25%), three (19%), and five (31 %) joints had erosion, sclerosis,
ankylosis, fat metaplasia, and back fill on T1-weighted imaging,
respectively. There was a weak correlation between T2 relaxation
time and the SPARCC sacroiliac inflammation score (r = —0.34).
The correlation between T2 relaxation time and each of the
SPARCC sacrailiac structural lesion scores was weak for sclerosis
(r = —0.29), fat metaplasia (- = 0.25), and backfill (- = 0.08) and
was moderate for erosion (r = 0.32).

DISCUSSION

T2 relaxation time mapping is an indirect, noninvasive imaging
biomarker that provides a quantitative means to identify the earliest
stages of cartilage matrix degeneration that precede visible mor-
phologic damage (41-43). This preliminary single-center study is
the first to demonstrate the feasibility of T2 mapping at the pediatric
SIJ. The acquisition time of T2 sequences is similar to that reported
in adults (18). Intrarater and inter-rater reliability were good and fair,
supporting reliability of the technique in this population. In our con-
trol arm, we did not observe statistically significant associations
between longer T2 relaxation times and older age, but all control
subjects were peripubertal or postpubertal. Despite our small sam-
ple size, we saw a trend in longer T2 relaxation time in cases with
sacroilitis versus healthy control subjects. Interestingly, cases with
longer T2 relaxation time tended to occur with poorer patient-
reported outcomes, albeit statistically insignificant.

Several key findings warrant additional discussion. First, the
median T2 relaxation times in the adolescents and young adults
from this study are in concordance with those reported in T2 fea-
sibility studies in healthy adults at 1.5T (17,18). The mean T2 val-
ues in healthy adults was approximately 41 miliseconds +4
milliseconds, which encompasses the T2 value we observed,
lending face validity to our study. A prior study in children reported
a significant association between younger age and longer T2 (14).
We did not see the same association of age and relaxation time,
likely because all the healthy control subjects were peripubertal
or postpubertal. The association of age and T2 relaxation time
should be further evaluated in a larger sample that includes pre-
pubertal, peripubertal, and postpubertal individuals.

Second, the mean T2 relaxation time reported in adults with
axial spondyloarthritis was higher than the mean in adolescent
and young adult cases with active inflammation reported herein.

The proposed cutoff to distinguish cases and control subjects in
the adult population, 55.21 milliseconds (18), would not have
identified any of the adolescents and young adults with active
inflammation on a standard MRI evaluation. The overall higher T2
values in adults may reflect longer disease duration and more
severe disease. These differences underscore the need to further
evaluate T2 mapping in the SIJ specifically in adolescents and
young adults and not simply extrapolate from studies performed
in adults.

On the basis of prior work, we know that established quantita-
tive scoring systems based on standard MRI sequences are not
well correlated with patient-reported outcomes or physician-
determined clinical disease assessments (38,39). This discordance
may be either because the imaging technique is not sensitive
enough or it is just measuring a different construct. In one small lon-
gitudinal assessment of T2 mapping of the knee in children with
juvenile arthritis, T2 relaxation time correlated well with physician
and parent global assessment, total active joint count, and function
(15). This work demonstrates that T2 relaxation time may be better
associated with patient-reported outcomes than existing metrics.
We were not able to show a statistically significant association with
patient-reported outcomes in our limited sample.

This study has limitations that should be acknowledged.
First, our study had a limited sample size comprising solely peri-
pubertal and postpubertal healthy control subjects. Given associ-
ations of T2 relaxation time and age in other pediatric studies,
future studies should include prepubertal children. However, the
fact that we were able to demonstrate feasibility and similar relax-
ation time reported in adults is promising. Second, the morpho-
logical features of SIJ are complex, and measuring T2 relaxation
time is challenging because of its narrowness, limited spatial res-
olution, and difficulty in identifying anatomical borders. Addition-
ally, inadvertent inclusion of adjacent marrow or subchondral
bone could artificially elevate the T2 relaxation time values. How-
ever, after calibration, our trained pediatric radiologist with more
than 5 years of postfellowship experience meticulously reviewed
every study to draw ROls that were extracted to generate T2
maps, and, despite the SIJ complexity, we demonstrated good
intrarater and fair inter-rater reliability, in accordance with prior
published feasibility studies in adults (16—18). The inter-rater reli-
ability also improved after calibration but remained fair; given the
complexity of measuring T2 relaxation time, the assessment may
need to rely primarily with radiologists with experience in T2 relax-
ation assessment, perhaps limiting its utility in routine clinical care.
Third, prior studies have shown that T2 relaxation times can be
impacted by physical activity and that T2 values normalize after
several hours (44,45). In this study, we did not collect information
on physical activity at each study visit nor did we instruct subjects
not to exercise vigorously prior to the study visit. However, most
of the study visits occurred in the early morning, making vigorous
exercise prior to imaging highly unlikely. Fourth, our cohort had
unequal sex distribution, prohibiting our ability to evaluate the
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association of T2 relaxation times and sex. The larger number of
male subjects in the cases, however, is somewhat expected
because sacraliliitis is more common in male than female individ-
uals. Lastly, the plane of imaging impacts the feasibility and accu-
racy of segmenting the SIJ. Most anatomic data about the joint
are available on T1-weighted signal intensity or STIR sequences,
which are typically obtained in an oblique-coronal plane. The T2
mapping sequence, which contains relatively little anatomic detail,
was obtained in an oblique axial plane based on the only pub-
lished MRI T2 mapping protocols for the SIJ (16,17). However,
we felt that the axial oblique plane limited our ability to correlate
information between the T2 mapping sequence and the anatomic
sequence, particularly in light of its anatomic structural differ-
ences. Additionally, given the availability of the SPARCC SIJ
inflammation and structural scores, we believe that performing
the T2 mapping on oblique-coronal sequences inherently makes
more sense going forward and may improve the correlation
between T2 relaxation time and these measures.

Our preliminary study shows the feasibility of T2 mapping
at the pediatric SIJ despite its challenging anatomy. Although
statistically significant differences were observed in our limited
dataset, further tightly controlled studies with a larger number
of patients and longitudinal assessments are required to inves-
tigate possible associations and assess the potential useful-
ness of these measurements for both routine clinical practice
and clinical trials.
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