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Abstract BACKGROUND CONTEXT: Positron emission tomography (PET) is a potential imaging tech-
nique for the diagnosis of AS. The visualization of physiological change makes PET potentially
suitable for early detection of inflammatory processes, even before anatomical changes occur.
Thus, PET might provide specificity via the use of receptor targeting tracers and allows quantifica-
tion of disease activity in order to accurately monitor therapeutic effects.

PURPOSE: To examine fluorine-18 sodium fluoride (‘*F-NaF) PET/computed tomography (PET/
CT) findings in patients with inflammatory low back pain and evaluate the utility of this modality
in the diagnosis of ankylosing spondylitis (AS) according to the Assessment of SpondyloArthritis
International Society (ASAS) criteria.

STUDY DESIGN: Retrospective cohort study.

PATIENTS SAMPLE: Sixty-cight patients who underwent 'SF-NaF PET/CT imaging between
April 2015 and April 2017 for evaluation of inflammatory low back pain.

OUTCOME MEASURES: We defined AS-positive lesions on PET/CT as symmetric sacroiliac
joint uptake that suggests sacroiliitis, syndesmophytes on the spine, and enthesopathy at any site.
METHODS: All patients were evaluated using the ASAS criteria and assigned to either the AS or
the control group. The diagnostic criteria of AS on PET/CT images were defined as '8E_NaF PET/
CT images with at least one of AS-positive findings.

RESULTS: The diagnostic rate of AS was 72.1% among the 68 patients according to the ASAS
criteria. The baseline characteristics between the two groups differed significantly in terms of
serum C-reactive protein levels and the presence of human leucocyte antigen-B27. Compared to
the control group, in the AS group, 39 patients (79.5%) exhibited typical '®F-NaF PET/CT-positive
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findings, such as enthesopathy (65.3%, p=.003), syndesmophytes (61.2%, p=.006) and symmetric
sacroiliitis (67.3%, p=.001). PET-positive findings had significantly higher area under the curve
values than did single '®F-NaF PET/CT- positive findings, and they had the best performance for

concordant diagnosis according to the ASAS criteria.

CONCLUSIONS: '®F-NaF PET/CT yielded significantly different findings between the two
groups according to the ASAS criteria and is useful for diagnosing AS. © 2020 Elsevier Inc. All

rights reserved.

Keywords: Positron emission tomography/computed tomography; Ankylosing spondylitis; Assessment of SpondyloArthri-
tis International Society criteria; Diagnosis; Sacroiliitis; Enthesopathy; Syndesmophyte
Introduction body by targeting binding sites [9]. The visualization of

Ankylosing spondylitis (AS) is a chronic inflammatory
disease that typically shows onset at an early age and can
result in irreversible bone deformation and long-term dis-
ability. AS is characterized by back pain, limited motion of
the spine, and sacroiliitis on plain radiography. Peripheral
arthritis and enthesitis may also be prominent features [1].
Entheses are sites at which tendons, ligaments, or joint cap-
sules attach to the bone, and enthesitis is another character-
istic feature of axial spondylo-arthropathy. Enthesitis
results in new bone proliferation, providing the basis for
eventual bony ankyloses [2].

Until recently, plain radiographs were required for the
diagnosis of AS, according to the modified New York crite-
ria [3]. The disadvantage of this imaging technique is that
the disease typically develops over many years before defi-
nite radiographic sacroiliitis appears [4].

The Assessment of SpondyloArthritis International Soci-
ety (ASAS) has published new classification criteria for the
assessment of axial spondyloarthritis (Fig. 1) [5]. The
development of these criteria was necessary because the
older modified New York criteria for AS did not allow iden-
tification early in the course of the disease in the absence of
radiographic changes in the sacroiliac (SI) joints, which can
take years to manifest. To enable earlier diagnosis, highly
reliable and sensitive imaging techniques are needed.

Currently, magnetic resonance imaging (MRI) is
believed to be a sensitive imaging modality for the detec-
tion of sacroiliitis and inflammation of the spine in early
AS. MRI detects early inflammation by visualization of tis-
sue edema, enhanced gadolinium contrast uptake, or both
of these. However, these imaging findings are nonspecific
indicators of increased free water content and increased
vascularization, respectively [6,7]. Moreover, chronic AS
changes, such as new bone formation in the spine (eg, syn-
desmophyte formation), tend to be less well visualized on
MRI than on radiographs [8]. Therefore, the precise role of
MRI in visualizing the disease activity of AS has not yet
been fully elucidated. Despite the use of MRI for the diag-
nosis of AS, the imaging arm alone of the ASAS classifica-
tion criteria has 66.2% sensitivity and 97.3% specificity [5].

Positron emission tomography (PET) is another interest-
ing imaging technique for the diagnosis of AS. PET allows
sensitive imaging of functional tissue changes in the whole

pathophysiology makes PET potentially suitable for early
detection of inflammatory processes, even before anatomi-
cal changes occur. Because the hydroxyapatite matrix
(Ca;((PO4)sOH,) forms fluorapatite (Ca;o(PO4)cF,) before
the occurrence of anatomical change in both osteoblastic
and osteolytic lesions, PET has a potential role as a func-
tional imaging technique that might allow sensitive imaging
of functional tissue changes in the whole body, where the
regional blood flow and bone turnover is changing, before
anatomical change occurs [10,11]. The bone tracer fluorine-
18 sodium fluoride ('®F-NaF) may have potential for AS
imaging since AS is characterized by syndesmophyte for-
mation and ankylosis in the vertebral column and SI joints.
[12,13]. Thus, PET provides specificity via the use of recep-
tor targeting tracers and allows quantification of disease
activity in order to accurately monitor therapeutic effects
[14]. Recently, PET/computed tomography (PET/CT) scan-
ning was introduced as a hybrid imaging technique that
combines the unique properties of sensitive imaging of
pathophysiology and anatomical CT imaging as a reference
[15]. In this manner, PET/CT offers the opportunity to visu-
alize early inflammatory changes as well as early structural
changes, such as new bone formation, which is difficult to
detect on MRI

The purpose of this study was to evaluate the diagnostic
value of '"®F-NaF PET/CT in patients with suspected AS.

Material and methods

Patient population

Sixty-eight consecutive patients underwent '®F-NaF
PET/CT studies between April 2015 and April 2017 for the
evaluation of inflammatory low back pain; their data were
retrospectively reviewed. The primary features of inflam-
matory back pain include relatively young age of onset
(<45 years), morning stiffness, back pain present for >3
months, and pain relieved by movement [16]. The study
inclusion criteria included complaints of inflammatory back
pain and limited lumbar movement. All patients underwent
conventional radiography of the entire spine, lumbar spine
including anterior/posterior and lateral views, and both
sacroiliac joint oblique views for screening. Among the 68
patients, 49 patients (72.1%) who met the ASAS diagnostic
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Fig. 1. The Assessment of SpondyloArthritis International Society criteria for diagnosing axial spondyloarthritis. Adapted from Rudwaleit M, van der Heijde
D, Landewe R, et al. According to the New York criteria, sacroiliitis is scored, ranging from O to 4 per reading: grade O=normal; grade 1=suspicious changes;
grade 2=minimum abnormality (small localized areas with erosion or sclerosis without alteration in joint width); grade 3=unequivocal abnormality (moderate
or advanced sacroiliitis with erosions, evidence of sclerosis, widening, narrowing, or partial ankyloses); grade 4=severe abnormality (total ankyloses). In the
modified New York criteria for ankylosing spondylitis, the radiologic criterion was defined as sacroiliitis of grade >2 bilaterally or grade 3 to 4 unilaterally.

SpA, Spondyloarthritis.

criteria [5] were included as the AS group. Nineteen
patients (27.9%) who did not satisfy the ASAS criteria
were allocated to the control group. After evaluation, the
patients in the control group were diagnosed with lumbar
strain, facet joint syndrome, etc. Patients with pain originat-
ing from the spine owing to other medical conditions, such
as pregnancy were excluded. Previous or concurrent dis-
eases of the spine (eg, spinal deformities, vertebral fracture,
spinal stenosis, degenerative intervertebral disc disease, or
spinal surgery) or concomitant neurological or psychiatric
diseases were also excluded. For assessment of the disease
status, the Bath AS Disease Activity Index (BASDAI) score
[17] and Bath AS Functional Index (BASFI) [18] were
determined. Furthermore, laboratory tests including the
presence of human leucocyte antigen (HLA)-B27, erythro-
cyte sedimentation rate (ESR), and C-reactive protein
(CRP) level were also measured since hematologic factors
such as ESR or CRP levels can reflect the level of AS dis-
ease activity. The present study was approved by the
Research and Ethical Review Board of Pusan National Uni-
versity Hospital.

PET-CT scan

All '®F-NaF PET/CT scans were acquired with a high-
resolution PET/CT scanner, Gemini TF or Ingenuity TF
(Philips Healthcare, Andover, MA). Per patient, a mean of
370 MBq of '®F-NaF was injected. At 60 minutes postinjec-
tion, 30 minutes whole body scans were performed using an
axial field of view of 18 cm. A low-dose noncontrast CT

scan (30 mA, 120 kV, 512x512 matrix, slice thickness 3
mm) was performed for attenuation correction and to obtain
anatomical information after the PET scan. The acquired
PET images were reconstructed using the three-dimension
row-action maximum likelihood iterative reconstruction
algorithm. The reconstructed static PET images were con-
verted to standardized uptake value (SUV) images and '*F-
NaF uptake was measured using the Philips Extended Bril-
liance Workspace version 4.5.3.40140 (Philips Healthcare,
Best, The Netherlands) using the maximum SUV.

Imaging analysis

For imaging assessment, all patients underwent conven-
tional radiography for sacroiliitis and '®F-NaF PET/CT.
Twelve patients who had typical clinical features of AS but
no definite evidence of sacroiliitis on conventional radiog-
raphy underwent MRI for evaluation of acute inflammation
of the SI joint. Sacroiliitis was evaluated twice via conven-
tional radiography and MRI independently by two spinal
surgeons (S.M.S and J.S.L)) with an interval of 2 weeks.
Furthermore, all PET/CT images were reviewed by a
nuclear medicine physician (K.K), who was blinded to the
patients’ details and clinical characteristics.

Based on a literature review [8,19—22], we defined AS-
positive lesions on PET/CT as symmetric SI joint uptake
that suggests sacroiliitis (Fig. 2), syndesmophytes on the
spine (Fig. 3a—c), and enthesopathy at any site (Fig. 3a, d,
e) such as the spinous process, interspinous ligament,
attachment site of the hip or shoulder articular capsules,
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Fig. 2. "®F-NaF positron emission tomography image of a 25-year-old
patient who was diagnosed with ankylosing spondylitis according to the
Assessment of SpondyloArthritis International Society criteria. The maxi-
mum intensity projection image (a) and axial images indicates predomi-
nant F-18 NaF uptake at the bilateral sacroiliac joint (right maximum
standardized uptake value [SUVmax]=9.67 and left SUVmax 21.41; b—d).

costovertebral joint, or pubic ramus. AS-positive lesions
were distinguished from osteoarthritis lesions by two ortho-
pedic experts on conventional X-ray and/or low-dose CT.
Lesions were regarded as degenerative if no signs of AS
were present close to the lesions.

The diagnostic criteria of AS on PET/CT images were
defined as '®F-NaF PET/CT images with at least one of
the positive findings described above without other dis-
tinguishable etiologies of low back pain, such as com-
pression fracture, degenerative osteophyte, or Schmorl’s
nodule (Fig. 4).

Fig. 3. "®F-NaF positron emission tomography image of a 33-year-old
patient who was diagnosed with ankylosing spondylitis according to the
Assessment of SpondyloArthritis International Society criteria. The maxi-
mum intensity projection image (a) reveals several positive findings
including syndesmophytes of T-, L- spines, particularly at L1 with a maxi-
mum standardized uptake value (SUVmax) of 8.76 (b, c), and enthesopa-
thies of the bilateral ischial tuberosity (right SUVmax=6.37 and left
SUVmax=7.02; d, e).

Fig. 4. "®F-NaF positron emission tomography image of a 38-year-old
patient who was diagnosed with ankylosing spondylitis according to the
Assessment of SpondyloArthritis International Society criteria and tested
positive for serological human leucocyte antigen-B27. However, signifi-
cant '"®F-NaF uptake was observed at the lower end plate of L4 (maximum
standardized uptake value [SUVmax]=8.53) and upper end plate LS (SUV-
max=6.92; a), which is suggestive of degenerative changes in the L-spines.
Diagnosis of degenerative change in the lower back was made; this diagno-
sis was supported by the presence of Schmorl’s nodes, which were found
on the sagittal plane images of both positron emission tomography and
nonenhanced computed tomography (b—d). This case was considered to
be false positive.

Statistical analysis

All variables with non-normal distributions are
expressed as medians and interquartile ranges (IQRs;
25%—75%). The Mann-Whitney U test was used to com-
pare continuous variables between the two groups. The chi-
square test was used to compare the two groups of categori-
cal data. Receiver operating characteristic curves were plot-
ted to determine the most rational optimal cut-off values of
continuous data for logistic regression analysis for predict-
ing the responders. Statistical analyses were performed
using MedCalc software (MedCalc, Mariakerke, Belgium),
version 16.4.3, and a p value of <.05 was considered indica-
tive of significance.

Results

Patient characteristics

The baseline characteristics of the 68 patients who
underwent 'SF-NaF PET/CT imaging are summarized in
Table 1. Overall, the median age was 35 years (range
19—58 years) and 59.3 % (n=43) of the patients were male.
The average disease duration was shorter in the AS group
(mean 11 months) than in the control group (mean 17
months). However, there was no significant difference
between the two groups. The median age, gender, duration
of disease, BASDALI score, BASFI score, and ESR level at
diagnosis did not significantly differ between the groups.
However, the CRP level at diagnosis (median, 0.070; [IQR,
0.020—0.185] vs. 0.030 [IQR, 0.000—0.050], p<.0127) was
higher in the AS group than in the control group. The
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Table 1
Baseline characteristics of the participants

No. of patients (%) &

Characteristics median values (IQR)* p Value
Total no. of patients with > 3 mo back pain 68
ASAS criteria Positive Negative

49 (72.1%) 19 (27.9%)
Gender (M:F) 30:19 13:6 5836
Age 37 (29.8—50.3) 30 (26.5—46.8) 4278
Duration of disease (mo) 11.433 (4.808—19.992) 17.100 (9.6333—-22.375) 1630
Positive HLA-B27 41 (83.7%) 2 (10.5%) <.0001
BASDAI score 4.300 (3.300—5.625) 4.000 (3.0750—-5.2750) .5845
BASFI score 0.800 (0.275—-2.075) 0.700 (0.000—1.275) 5587
CRP level at diagnosis 0.070 (0.020—0.185) 0.030 (0.000—0.050) <.0127
ESR level at diagnosis 3.000 (2.000—9.250) 2.000 (2.000—4.250) 1458

* Variables are expressed as the median (interquartile range; IQR).ASAS, The Assessment of SpondyloArthritis International Society; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, The Bath Ankylosing Spondylitis Functional Index; CRP, C-reactive protein; ESR, erythrocyte sed-

imentation rate; HLA-B27, Human leukocyte antigen subtype B27.

presence of HLA-B27 was also more common in the AS
group (83.7% vs. 10.5%, p<.001).

Characteristic findings of F-18 NaF PET/CT

Compared to the control group (Figs. 5 and 6), among
the 49 patients in the AS group, 39 (79.5 %) exhibited typi-
cal "®F-NaF PET/CT-positive findings, such as enthesop-
athy (65.3%, p=.0033), syndesmophytes (61.2%, p=.0069),
and symmetric sacroiliitis (67.3%, p=.0001) (Table 2).
Combining the '®F-NaF PET/CT findings, 79.6% of
patients who were diagnosed as PET-positive were

Table 2
Characteristic finding of "*F-NaF PET/CT according to ASAS criteria

ASAS criteria Positive (n=49)  Negative (n=19) p Value
Enthesopathy 32:17 0:19 .0033
Syndesmophyte 30:19 1:18 .0069
Symmetric sacroiliitis 33:16 3:16 .0001
PET positive 39:10 3:16 <.0001
SUVR of S1J 0.842 0.725 .0035

(0.756—1.021) (0.654—0.824)

ASAS, The Assessment of SpondyloArthritis International Society;
NaF, sodium fluoride; PET/CT, positron emission tomography/computed
tomography; ; S1J, sacroiliac joint; SUVR, standard uptake value ratio.

Fig. 5. "8F-NaF positron emission tomography image of a 29-year-old patient with chronic lower back pain who tested negative for serological human leuco-
cyte antigen B27 and did not meet the Assessment of SpondyloArthritis International Society criteria for ankylosing spondylitis. The maximum intensity
projection image (a) and sagittal plane images of both positron emission tomography and nonenhanced computed tomography (b—d) are represented as a nor-

mal scan.



6 S.M. Son et al. / The Spine Journal 00 (2020) 1—9

Fig. 6. Sacroiliac joint oblique X-ray and '®F-NaF positron emission tomography/computed tomography images of a 48-year-old patient with chronic lower
back pain who tested negative for serological human leucocyte antigen B27 and did not meet the Assessment of SpondyloArthritis International Society crite-
ria for ankylosing spondylitis. Conventional X-ray was not indicative of sacroiliitis (a, b). However, increased uptake at the left sacroiliac joint on the F-18
NaF positron emission tomography/computed tomography image was observed (c, d) and the patient was considered false negative according to Assessment

of SpondyloArthritis International Society criteria.

concordant with the ASAS criteria. The SUV ratio (SUVR)
of both SI joints was also significantly higher in the AS
group (median, 0.842; [IQR, 0.756—1.021] vs. 0.725 [IQR,
0.654—0.824], p<.0035).

Diagnostic accuracy of F-18 NaF PET/CT

The presence of symmetric sacroiliitis (72.1 %) on '®F-
NaF PET/CT exhibited the highest diagnostic accuracy
among the '®F-NaF PET/CT findings. The '®F-NaF PET/
CT could discriminate the patients in the AS group from
those in the control group by utilizing the presence of
enthesopathy, syndesmophytes on the spine, sacroiliitis,
SUVR, and PET-positive criteria with sensitivities of 65.3,
61.2, 67.4,71.4 and 79.6%:; specificities of 100, 94.7, 84.2,
68.4, and 84.2%; positive predictive values of 100, 96.8,
91.7, 85.4, and 92.9%; and negative predictive values of
52.8, 48.7, 50.0, 48.2, and 61.5%, respectively (Table 3).
The ability of PET/CT-positive findings including the
SUVR, sacroiliitis, enthesopathy, and syndesmophytes on
the spine, along with combined diagnostic criteria using
PET/CT to diagnose the ASAS-positive patients, was
depicted by an receiver operating characteristic curve. The
PET-positive criteria, which were composed of findings of
enthesopathy, syndesmophytes on the spine, and symmetric
sacroiliitis had a significantly higher area under the curve

Table 3
Diagnostic results of '*F-NaF PET/CT

(AUC) value than did single '®F-NaF PET/CT-positive
findings, and they had the best performance for concordant
diagnosis according to the ASAS criteria (Fig. 7).

Discussion

For the diagnosis of AS, conventional radiography for
sacroiliitis was considered the gold standard until now.
However, diagnosis is often delayed by 5 to 10 years, par-
ticularly in patients with an early or incomplete clinical
record [1,23]. To enable earlier diagnosis, highly reliable
and sensitive imaging techniques are needed.

It is well known that MRI is highly sensitive for the
detection of sacroiliitis in patients at the early stage of the
disease. Nonetheless, conflicting data regarding the sensi-
tivity and specificity of MRI in patients with suspected AS
have been reported [5,19,24,25]. Therefore, the precise role
of MRI in visualizing the disease activity of AS has not yet
been fully elucidated.

Recently, PET/CT scanning that combines the unique
properties of sensitive imaging of pathophysiology and ana-
tomical CT imaging as a reference has been introduced
[13]. Nuclear imaging techniques may detect increased
bone turnover not only during inflammation, but likely also
paralleling postinflammatory reparative changes at the start
of new bone formation [20]. In this manner, PET/CT offers

Characteristics Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Enthesopathy 65.3 100 100 52.8 47.0
Syndesmophyte 61.2 94.7 96.8 48.7 54.4
Symmetric sacroiliitis 67.4 84.2 91.7 50.0 72.1
SUVR of SIJ 714 68.4 85.4 48.2 63.2
PET positive 79.6 84.2 92.9 61.5 80.9

NaF, sodium fluoride; NPV, negative predictive value; PET/CT, positron emission tomography/computed tomography; PPV, positive predictive value;

S1J, sacroiliac joint; SUVR, standard uptake value ratio.
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Fig. 7. R eceiver-operating characteristic curves. Receiver-operating characteristic (ROC) curves of the findings of '®F-NaF positron emission tomography
(PET)/computed tomography including the standardized uptake value ratio (SUVR) of the sacroiliac joint (SIJ) (a), presence of sacroiliitis (b), enthesopathy
(c), syndesmophytes (d) and a combination of positive findings of PET images (e) for the diagnosis of Assessment of SpondyloArthritis International Society
criteria positive spondylo-arthopathy. Comparison ROC analysis indicated that the combination of positive PET findings offer the best diagnostic perfor-
mance compared to other findings (f). ROC curve analysis provides a complete sensitivity/specificity report and the comparative ROC curves illustrate the
difference between the area under dependent ROC curves. AUC, area under the curve.

the opportunity to visualize early inflammatory changes as
well as early structural changes such as new bone forma-
tion, which are difficult to detect on MRI.

The definite pathogenesis of AS is still unclear, and dif-
ferent joint structures may be involved in inflammatory
sites in AS [21]. Therefore, different targets for the PET
tracers must be considered. Synovial tissue, bone marrow,
entheses, and ligaments can be affected in AS [22,26,27]
and may need different tissue-specific PET tracers. The
bone tracer '®F-NaF may have potential for AS imaging
since AS is characterized by syndesmophyte formation and
ankylosis in the vertebral column and SI joints. Further-
more, 18F_NaF uptake in active bone reflects local blood
flow and regional osteoblastic activity [9,15].

Several studies have reported specific PET-positive
lesions in patients with AS. Taniguchi et al. [28] reported
significantly high fluorodeoxyglucose uptake in the sterno-
clavicular joints, lumbar spinous processes, SI joints, pubic
symphysis, and ischial tuberosity in patients with

spondyloarthritis. Bruijnen et al. [29] reported that PET-
positive lesions were found in the costovertebral joints
(43%), facet joints (23%), bridging syndesmophytes (20%),
and nonbridging vertebral lesions (14%). The greatest num-
ber of PET-positive lesions was found in the thoracic spine.
The SI joints were '®F-NaF PET-positive in at least one SI
joint in 9 of 10 (90%) patients.

Our findings suggest that "®F-NaF PET/CT may be a use-
ful procedure for the diagnosis of AS. The PET-positive cri-
teria had a significantly higher AUC value than when
compared with single positive findings and had the best per-
formance for concordant diagnosis according to the ASAS
criteria. PET/CT provides an excellent resolution of both
inflammatory and osteoblastic sites. In a single exam, the
entire skeleton may be examined, with a remarkable advan-
tage over MRL.

Previous studies have attempted to evaluate the diagnos-
tic performance of '®F-NaF PET/CT in patients with AS.
Bruijnen et al. [4] showed that targeting of bone formation
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using '®F-NaF tracer may be the most promising approach
to visualize AS activity, and inflammatory tracers, such as
"¥E_FDG and "'C-PK11 195, seem to be less useful for AS
imaging. In addition, most MRI lesions corresponded to
lesions with '®F-NaF uptake on the PET scan. Raynal et al.
[30] reported that '"®F-NaF PET/CT may be more sensitive
than MRI or CT scans for the detection of inflammatory
and/or structural sacroiliitis by detecting early lesions or
scar lesions that are not visible on CT scans or MRI in
patients with spondyloarthritis. In addition, the PET activity
score and SUVmax had good correlations with inflamma-
tory scroiliitis but not with structural lesion on CT scan.
Fischer et al. [31] compared the distribution of the lesion
with inflammation detected as bone marrow edema on
whole-body MRI in patients with AS. They concluded that
increased '®*F-NaF uptake in PET/CT is only modestly asso-
ciated with bone marrow edema on MRI. However, they
conducted '"®F-NaF PET/CT in a small number of patients
[4,30,31]. In addition, they identified suspected peripheral
lesions associated with AS in the sternum and shoulder but
did not perform further evaluation [4], and there was no
control group [30].

This study has several limitations that require consider-
ation. First, the present study shows that patients can be het-
erogeneous in terms of disease activity, treatment periods,
and treatment agents. The patients in our study underwent
PET/CT during treatment. In comparing the BASDAI and
BASFI scores between groups, there were no significant
differences. We consider that the results may have origi-
nated from the heterogeneity of these patients. In the future,
PET/CT image analysis according to homogenous disease
status will be necessary. Second, the difference in the
number of patients between the AS and control groups was
significant, which may have affected the statistical signifi-
cance. Third, in order to compare the diagnostic value of
'"8F_NaF PET/CT and MR, it is necessary for all patients to
undergo the both imaging modalities. However, in the pres-
ent study, MRI was performed for only 12 patients with
clinically suspected AS who did not exhibit significant
sacroiliitis on X-ray. Lastly, conventional radiography and
pelvic MRI were used as imaging modalities for the diagno-
sis of AS. Therefore, it is possible that patients, such as
those with spinal stenosis or degenerative intervertebral
disc disease, whose condition was difficult to diagnose with
the imaging modalities, may not have been completely
excluded.

Despite these limitations, this study was conducted on a
large number of patients who were unable to undergo previ-
ous studies, and it identified the specific characteristics of
PET/CT images of AS patients. In addition, comparative
study was possible because the patients could be evaluated
together as a control group and an AS group. Furthermore,
we assessed PET/CT imaging features using both quantita-
tive and qualitative evaluations, and we found that these
features had high diagnostic value when both modalities
were conducted in a combined assessment. Qualitative

evaluation is meaningful in that it is easily applicable in
clinical practice.

Conclusions

In diagnosing AS, '®F-NaF PET/CT had 79.6% sensitiv-
ity and 84.2% specificity. This demonstrates the diagnostic
value of '®F-NaF PET/CT, which may be a good alternative
modality in the diagnosis of early AS, and is capable of
evaluating whole body lesions in a single session. '*F-NaF
PET/CT had significant diagnostic value.
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