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Background: The present study aimed to investigate the clinical implication of F-18 sodium fluoride
(NaF) positron emission tomography/computed tomography (PET/CT) for assessing the disease activity of
rheumatoid arthritis.

Methods: Seventeen patients with rheumatoid arthritis according to the 2010 American College of
Rheumatology/European League Against Rheumatism classification criteria were prospectively enrolled.
All enrolled patients underwent F-18 NaF PET/CT along with physical examination, blood test, and
ultrasonography. On PET/CT images, two quantitative parameters, F-18 NaF uptake of the joint (joint
SUV) and joint-to-bone uptake ratio, were measured for each of the 28 joints included in calculating the
disease activity score in 28 joints using erythrocyte sedimentation rate (DAS28-ESR). The relationship
between PET/CT parameters and clinical factors and the predictive values of PET/CT parameters for joints
with synovitis and high disease activity were evaluated.

Results: Tender joints (joint SUV, 13.6+8.4; joint-to-bone uptake ratio, 1.70+1.02) and both tender
and swollen joints (joint SUV, 13.9+5.4; joint-to-normal bone uptake ratio, 1.81+0.76) had significantly
higher joint SUV and joint-to-bone uptake ratio than joints without synovitis (joint SUV, 6.0+2.4; joint-to-
bone uptake ratio, 0.74+0.31; P<0.001). On correlation analysis, summed joint SUV (P=0.002, correlation
coefficient=0.705) and summed joint-to-bone uptake ratio (P<0.001, correlation coefficient=0.861) of
28 joints showed strong positive correlation with DAS28-ESR after adjustment for age and body mass
index. Summed joint SUV showed significant positive correlations with ultrasonography findings (grey
scale ultrasonography: P=0.047, correlation coefficient =0.468; power Doppler ultrasonography: P=0.045,
correlation coefficient =0.507). On the receiver operating characteristic curve analysis, the sensitivity and
specificity for predicting synovitis were 83.2% and 92.7%, respectively, for joint SUV and 81.5% and 90.7%,
respectively, for joint-to-bone uptake ratio. Moreover, the summation of both PET/CT parameters of 28
joints showed a diagnostic accuracy of 100.0% for predicting high disease activity in rheumatoid arthritis.
Conclusions: Summed joint uptake on F-18 NaF PET/CT had a strong positive correlation with DAS28-
ESR and accurately predicted high disease activity. F-18 NaF PET/CT parameters might be used as an
imaging biomarker for disease activity in rheumatoid arthritis.

Trial registration: This study was registered at the Clinical Research Information Service of the Korea
(CRIS, http://cris.nih.go.ki/cris/en; registry number, KCT0002597; registered November 2017).
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Introduction

Rheumatoid arthritis is a chronic systemic inflammatory
disease (1). It begins with the inflammatory response of the
innate and adaptive immune systems involving multiple
joints, resulting in persistent inflammatory synovitis which
further progresses to cartilage destruction, bone erosion, and
joint destruction (1,2). Currently, the treat-to-target concept
has been used to manage rheumatoid arthritis (3,4). It aims to
achieve early clinical remission or at least low disease activity
and maintain responses through continuous monitoring of
disease activity and prompt treatment adjustment, as early
diagnosis and subsequent early intervention are known to be
associated with better physical function, quality of life, and
radiological outcomes (3-5). Therefore, accurate assessment
of disease activity is crucial to make early treatment
decisions (4). In clinical practice, disease activity score in 28
joints (DAS28), clinical disease activity index, and simplified
disease activity index have been used to evaluate the disease
activity in rheumatoid arthritis (6). However, those clinical
measures mainly depend on patients’ subjective joint
symptoms (4,7). In previous studies, imaging modalities
such as ultrasonography, magnetic resonance imaging
(MRI), and bone scintigraphy were found to be superior
to physical examination in detecting joint inflammation
and assessing disease activity, suggesting a valuable role of
imaging modalities in rheumatoid arthritis (7-10). Thus,
diagnostic imaging examinations have been recommended
for improving the accuracy of diagnosis and disease activity
assessment of rheumatoid arthritis (8).

F-18 sodium fluoride (NaF) is a radiopharmaceutical
for positron emission tomography/computed tomography
(PET/CT) imaging and has an excellent profile for skeletal
imaging (11). Although uptake mechanism of F-18 NaF
in the bone is similar to the diphosphonate agents used in
bone scintigraphy, F-18 NaF PET/CT is known to have
better spatial resolution and sensitivity than conventional
bone scintigraphy (11,12). Furthermore, in contrast to bone
scintigraphy, the uptake of F-18 NaF on PET/CT images
can be quantitatively analyzed and used as an objective
parameter for evaluating the degree of pathological bony
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changes (13-16). In previous studies, F-18 NaF PET/CT
demonstrated the significant clinical values in various bone
and joint diseases, including detecting bone metastasis,
diagnosing surgical site infection after orthopedic surgery,
and evaluating disease activity in psoriatic arthritis and
sacroiliitis (17-20). However, in previously published
literature, only a few studies have evaluated the performance
of F-18 NaF PET/CT in patients with rheumatoid arthritis
(21,22), and the clinical implications of bone PET/CT
findings on evaluating disease activity in rheumatoid
arthritis are not fully understood.

In the present study, we performed F-18 NaF PET/CT
in prospectively enrolled patients with rheumatoid arthritis
and evaluated the clinical values of quantitative parameters
of F-18 NaF PET/CT for assessing the disease activity.

Methods
Study population

This was a single-center prospective diagnostic study
performed at Catholic Kwandong University International
St. Mary’s Hospital. Seventeen patients (13 women and 4
men) with rheumatoid arthritis were enrolled in our study
between November 2017 and August 2019 according to
the following criteria: patients (I) who were diagnosed with
rheumatoid arthritis based on the 2010 American College
of Rheumatology/European League Against Rheumatism
classification criteria for rheumatoid arthritis, (II) who
underwent clinical and imaging evaluation for initial
diagnostic work-up or the work-up of a flare-up of joint
pain, swelling, and/or stiffness suggestive of potential disease
relapse, and (III) who were age >18 years. Patients who had
a previous history of malignant disease or metabolic bone
disease were excluded. On clinical evaluation of the patients,
physical examination, plain radiography of bilateral hands,
and blood tests including serum erythrocyte sedimentation
rate (ESR), rheumatoid factor, and anticitrullinated protein
antibody (ACPA) were performed initially. Based on these
results, the disease activities of rheumatoid arthritis were

assessed by calculating the DAS28 using ESR (DAS28-
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ESR). Afterward, all enrolled patients underwent F-18
NaF PET/CT and ultrasonography before starting
or changing medication for rheumatoid arthritis. On
ultrasonography, a total of 10 joints, bilateral wrist, 2nd
and 3rd metacarpo-phalangeal (MCP), and 2nd and 3rd
proximal interphalangeal (PIP) joints, were examined in
every patient using grey scale ultrasonography (GSUS) and
power Doppler ultrasonography (PDUS).

F-18 NaF PET/CT scan

All patients provided informed consent for F-18 NaF
PET/CT before the procedure. There were no special
preparations for patients before PET/CT scanning. F-18
NaF PET/CT was performed using a dedicated PET/CT
scanner (Biograph mCT 20 scanner, Siemens Healthineers,
Knoxville, TN, USA). A dose of 185 MBq F-18 NaF was
intravenously administered. After mean uptake period of
57+5 minutes, whole-body PET/CT images were acquired
from vertex to feet. First, a non-contrast-enhanced CT
scan was initially performed for attenuation correction at
80 mA and 100 kV, with a slice thickness of 5 mm. Next, a
PET scan was performed at two minutes per bed position
using a three-dimensional acquisition mode. Afterward,
PET/CT images of bilateral hands and wrist joints area
were additionally obtained 100+11 minutes after the F-18
NaF injection. PET/CT scan of bilateral hands and wrist
joints was performed with the patient prone with arms over
head supported by a soft cushion. For a CT scan, the same
settings as the whole-body PET/CT scan were used, and
for a PET scan, one-bed position images were acquired for
three minutes using a three-dimensional mode. All PET
images were reconstructed with an iterative reconstruction
algorithm and attenuation correction.

Image analysis

All F-18 NaF PET/CT images were evaluated by two
experienced nuclear medicine physicians blinded to the
clinical information. For the assessment of the degree of
uptake on bone and joint, the standardized uptake value
(SUV), which was calculated as [decay corrected activity
(kBq) per tissue volume (mL)]/[injected activity (kBq) per
body mass (g)], was used as a descriptive indicator (13).
For each patient, two imaging parameters, SUV of a
joint (joint SUV) and joint-to-bone uptake ratio, were
measured for each of the 28 joints which were included in
the assessment of DAS28-ESR. For measuring radiotracer
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uptake of joint, a spheroid-shaped volume-of-interest (VOI)
was manually drawn for each of the 28 joints (bilateral
shoulder, elbow, wrist, MCP, PIP, and knee joints) and the
maximum SUV of the joint was calculated and defined as
joint SUV (Figure 1). For calculating joint-to-bone uptake
ratio, uptake of the thoracic and lumbar spines was selected
as the reference bone uptake. First, vertebral bodies that
showed severe osteoarthritic change, compression fracture,
or post-operative change were excluded from the selection.
Afterward, the three largest vertebral bodies were selected
from those remaining spines for ease of drawing VOIs. A
spheroid-shaped VOI (at least 1.5 cm in size) was manually
drawn over the three vertebral bodies of the thoracic and
lumbar spines and an isocontour using a cut-off SUV of
75% of the maximum SUV of VOI was automatically
produced within each VOI of the vertebral body (Figure I).
The cut-off SUV of 75% of the maximum SUV have shown
good reproducibility between subjects for measuring mean
SUV of the spine (23). Mean SUV of the voxels within
the isocontour was defined as SUV of the vertebral body
and the mean value of SUV of the three vertebral bodies
was calculated. Using the joint SUV and mean SUVs of
the vertebral bodies, the joint-to-bone uptake ratio was
calculated for all 28 joints.

For ultrasonography, an experienced rheumatologist
semi-quantitatively graded GSUS and PDUS findings
from score 0 to score 3 for each of the selected 10 joints as
described in previous studies (24,25).

Statistical analysis

All enrolled patients were categorized into three groups
according to the DAS28-ESR; high disease activity group
(DAS28-ESR >5.1), moderate disease activity group
(3.2< DAS28-ESR <5.1), and low disease activity group
(DAS28-ESR <3.2). According to the results of Levene’s
test, Kruskal-Wallis test with post-hoc comparisons using
Dunn’s test was performed to evaluate the difference of
two F-18 NaF PET/CT parameters (joint SUV and joint-
to-bone uptake ratio) between tender joints, swollen
joints, and joints without synovitis, and between patient
groups with high, moderate, and low disease activities. To
evaluate relationships between summed bone PET/CT
parameters and clinical factors including patient global
assessment, DAS28-ESR, and ultrasonography scores,
Spearman rank correlation coefficients were calculated after
performing a normality test. On the correlation analysis
with patient global assessment and DAS28-ESR, summed
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Figure 1 Maximum intensity projection images of whole-body (A) and hand and wrist area (B), fused coronal PET/CT image of the
right hand (C), fused transaxial (D) and sagittal (E) PET/CT images of the body of a 65-year-old woman who underwent F-18 NaF bone
PET/CT for the initial work-up of rheumatoid arthritis with DAS28-ESR of 6.28. On maximum intensity projection images, (A) and (B),
multifocal increased periarticular uptake is observed in the bilateral elbow joints, bilateral wrist joints, left 3rd MCP joint, interphalangeal
joints of bilateral hands, and bilateral knee joints. For measuring joint SUV, a spheroid-shaped VOI was manually drawn on the joint area,
showing a measurement example of right 5th PIP joint on coronal PET/CT images (C) with a joint SUV of 9.51. For measuring reference
bone uptake, three VOIs were manually drawn over the vertebral bodies of thoracic and lumbar spines, (D) and (E). An isocontour using a
cut-off SUV value of 75% of the maximum SUV of VOI was automatically produced within each VOI of the vertebral body and mean SUV
of voxels within the isocontour was measured. Using joint SUV and mean SUV of the vertebral bodies of the spine, joint-to-bone uptake

ratio was calculated for each joint.

bone PET/CT parameters of 28 joints were used, while, joints for predicting high disease activity were evaluated.

on the correlation analysis with ultrasonography scores,
summed PET/CT parameters of 10 joints (bilateral wrist,
2nd and 3rd MCP, and 2nd and 3rd PIP joints which were
examined on ultrasonography) were used. All correlation
analyses were performed after adjustment for age and body
mass index. The predictive values of F-18 NaF PET/CT
parameters for synovitis and high disease activity were
investigated based on the area under the receiver operating
characteristic (ROC) curve (AUC) values. Using the optimal
cut-off values determined by the ROC curve analysis, the
sensitivity and specificity of joint SUV and joint-to-bone
uptake ratio for predicting joint with synovitis and those
of summed joint SUV and joint-to-bone uptake ratio of 28

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

All statistical analyses were performed using MedCalc
Statistical Software version 19.5.3 (MedCalc Software
Ltd, Ostend, Belgium). A P value of <0.05 was considered

statistically significant.

Results
Patient baseline characteristics

The baseline characteristics of the 17 enrolled patients
are shown in 7Table 1. One patient (5.9%) underwent F-18
NaF PET/CT for initial work-up and the remaining 16

patients (94.1%) were being treated for rheumatoid arthritis
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Table 1 Patient characteristics (n=17)

Characteristics Number of patients (%)

Median [range]

Age (years)
Female 13 (76.5%)
Disease activity

Tender joint count (28 joints)

Swollen joint count (28 joints)

54 [37-70]

3 [0-21]*
3 [0-14]"

DAS28ESR 3.73 [2.62-6.73]

ESR (mm/h) 21 [7-120]
Medications

Methotrexate 8 (47.1%)

Corticosteroid 6 (35.3%)

Biologics 2 (11.8%)

Treatment duration (years) 3.8 [0.5-6.0]
Imaging
Ultrasonography

GSUS 8 [2-13]"

PDUS 2 [0-5]"

F-18 NaF bone PET-CT
Joint SUV
Summed joint SUV of 28 joints
Joint-to-bone uptake ratio

Summed joint-to-bone uptake ratio of 28 joints

6.44 [1.70-37.13]
190.86 [98.02-331.71]
0.77 [0.21-4.51]
23.80 (11.68-40.26)

*, the number of tender or swollen joints among the 28 joints for each of the patients; ', the sum of ultrasonography scores of the
selected 10 joints for each patient. DAS28-ESR, disease activity score in 28 joints using erythrocyte sedimentation rate; ESR, erythrocyte
sedimentation rate; GSUS, grey scale ultrasonography; PDUS, power Doppler ultrasonography; F-18 NaF, F-18 sodium fluoride; SUV,

standardized uptake value.

at the time of PET/CT scanning. The median duration
of treatment for rheumatoid arthritis in these 16 patients
was 3.8 years (range, 0.5-6.0 years). Of the 17 patients, 15
patients (88.2%) were positive for rheumatoid factor, and 16
patients (94.1%) were positive for ACPA. On the assessment
with DAS28-ESR, 5 (29.4%) patients were classified as
high disease activity group (DAS28-ESR >5.1), 8 (47.1%)
were moderate disease activity group (3.2< DAS28-ESR
<5.1), and the remaining 4 (23.5%) were low disease activity
group (DAS28-ESR <3.2). On physical examination, among
476 joints analyzed in the study, there were 34 tender joints,
3 swollen joints, and 41 joints that were both tender and

swollen.
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Comparison of joint uptake

Using joint SUVs and joint-to-bone uptake ratios of
28 joints, joint uptake on F-18 NaF PET/CT between
tender joints (34 joints), both tender and swollen joints
(41 joints), and joints without synovitis (398 joints) were
compared. Because there were only three swollen joints,
they were excluded from the analysis. On Kruskal-Wallis
test, there were significant differences in both joint SUV
and joint-to-bone uptake ratio among three joint groups
(P<0.001 for all; Figure 2). In post-hoc comparisons with
Dunn’s test, tender joints (joint SUV, 13.6+8.4; joint-to-
bone uptake ratio, 1.70+1.02) and both tender and swollen
joints (joint SUV, 13.9+5.4; joint-to-normal bone uptake
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Figure 2 Distribution of the joint SUV (A) and joint-to-bone uptake ratio (B) in tender joints (34 joints), swollen joints (3 joints), both

tender and swollen joints (41 joints), and joints without synovitis (398 joints).

Table 2 Comparison of F-18 NaF bone PET/CT parameters according to the disease activity of rheumatoid arthritis

Joints with synovitis

Joints without synovitis

Disease activity

Joint SUV Joint-to-bone uptake ratio Joint SUV Joint-to-bone uptake ratio
High disease activity (DAS28-ESR >5.1) 13.48+6.35 1.77+0.84 7.73+3.17 1.05+0.39
Moderate disease activity 13.48+6.62 1.62+0.79 5.65+1.88 0.67+0.23
(3.2< DAS28-ESR <5.1)
Low disease activity (DAS28-ESR <3.2) 17.11+£16.01 2.15+2.05 5.17+1.81 0.60+0.20
P value 0.903 0.678 <0.001 <0.001

F-18 NaF, F-18 sodium fluoride; DAS28-ESR, disease activity score in 28 joints using erythrocyte sedimentation rate; SUV, standardized

uptake value.

ratio, 1.81£0.76) showed significantly higher values of
both joint SUV and joint-to-bone uptake ratio than joints
without synovitis (joint SUV, 6.0+2.4; joint-to-bone uptake
ratio, 0.74+0.31; P<0.05 for all). In contrast, there were no
significant differences in both joint SUV and joint-to-bone
uptake ratio between tender joints and both tender and
swollen joints (P>0.05 for all).

We further compared joint SUV and joint-to-normal
uptake ratios of joints with synovitis and joints without
synovitis among patients with high, moderate, and low
disease activities (Table 2). On Kruskal-Wallis test, no
significant differences of joint SUV and joint-to-bone
uptake ratio of joints with synovitis were shown between the
three patient groups (P>0.05; Figure S1). However, there
were significant differences in both joint SUV and joint-to-
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bone uptake ratio of joints without synovitis between groups
(P<0.001 for all; Figure S1). In post-hoc comparisons, the
patient group with high disease activity showed significantly
higher joint SUV and joint-to-bone uptake ratio of the
joints without synovitis than other groups (P<0.05 for all).
Meanwhile, there were no significant differences in joint
SUV and joint-to-bone uptake ratio between patient groups
with moderate and low disease activity (P>0.05).

Correlation between summed joint uptake and clinical
factors

On correlation analysis with summed joint uptake on
F-18 NaF PET/CT to clinical factors after adjustment for
age and body mass index (Table 3), DAS28-ESR showed
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Table 3 Correlations of summed joint uptake on F-18 NaF bone PET/CT with patient global assessment, DAS28-ESR, GSUS, and PDUS after
adjustment for age and body mass index.

Clinical factors Summed joint SUV Summed joint-to-bone uptake ratio
Patient global assessment
Correlation coefficient 0.637* 0.646*
P value 0.008 0.007
DAS28-ESR
Correlation coefficient 0.705* 0.861*
P value 0.002 <0.001
GSUS
Correlation coefficient 0.468" 0.043"
P value 0.047 0.066
PDUS
Correlation coefficient 0.507" 0.474"
P value 0.045 0.064

*, correlation analyses were performed with summed joint SUV or joint-to-bone uptake ratio of 28 joints; ', correlation analyses were
performed with summed joint SUV or joint-to-bone uptake ratio of bilateral wrist, 2nd and 3rd MCP, and 2nd and 3rd PIP joints that
were examined in the ultrasonography. F-18 NaF, F-18 sodium fluoride; DAS28-ESR, disease activity score in 28 joints using erythrocyte
sedimentation rate; GSUS, grey scale ultrasonography; PDUS, power Doppler ultrasonography; SUV, standardized uptake value.
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Figure 3 Scatter plots showing the relationship between DAS28-ESR and parameters of F-18 NaF bone PET/CT, summed joint SUV of
28 joints (A) and summed joint-to-bone uptake ratio of 28 joints (B).

strong positive correlations with both summed joint SUV
(P=0.002, correlation coefficient =0.705) and joint-to-
bone uptake ratio (P<0.001, correlation coefficient =0.861)
of the 28 joints (Figure 3). Furthermore, patient global

assessment also showed significant moderate correlations
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with both summed joint SUV and joint-to-bone uptake
ratio (P<0.05 for all) of 28 joints. For ultrasonography
findings, both GSUS and PDUS scores demonstrated
significant positive correlations with summed joint SUV
of the 10 joints that were included in the ultrasonography
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Figure 4 Receiver operating characteristic curves for joint SUV and joint-to-bone uptake ratio for predicting joint with synovitis (A) and for

predicting high disease activity of rheumatoid arthritis (B).

examination (P=0.047 for GSUS and P=0.045 for PDUS),
but only showed borderline significant correlations with
joint-to-bone uptake ratio of the 10 joints (P=0.066 for
GSUS and P=0.064 for PDUS).

Predictive value for synovitis and bhigh disease activity

On ROC curve analysis, both joint SUV (AUC, 0.926; 95%
confidence interval, 0.900-0.947) and joint-to-bone uptake
ratio (AUC, 0.919; 95% confidence interval, 0.893-0.941)
showed high values of AUC for predicting joints with
synovitis (Figure 44). Using the optimal cut-off values of
joint SUV of 8.86, the sensitivity and specificity of joint
SUV for predicting synovitis were 83.2% (95% confidence
interval, 75.2-89.4%) and 92.7% (95% confidence interval,
89.7-95.1%), respectively. For joint-to-bone uptake ratio,
the sensitivity and specificity were 81.5% (95% confidence
interval, 73.4-88.0%) and 90.7% (95% confidence interval,
87.4-93.4%), respectively, using the cut-off value of 1.05.
On ROC curve analysis for predicting high disease
activity in rheumatoid arthritis, both summed joint SUV
and joint-to-bone uptake ratio of 28 joints showed an AUC
value of 1.000 (95% confidence interval, 0.805-1.000 for
both; Figure 4B). The optimal cut-off values determined
by ROC curve analysis were 225.0 for summed joint SUV
of the 28 joints and 28.0 for summed joint-to-bone uptake
ratio of the 28 joints. Using these cut-off values, the
sensitivity and specificity of both bone PET/CT parameters
for predicting high disease activity in rheumatoid arthritis

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

were 100.0% (95% confidence interval, 47.8-100.0% for
both) and 100.0% (95% confidence interval, 73.5-100.0%
for both), respectively.

Discussion

Uptake of F-18 NakF in a joint with synovitis in rheumatoid
arthritis is known to be related to two pathological processes
of the disease, hypervascularity and bone destruction (21).
Ongoing bone erosion in rheumatoid arthritis leads to an
increase of exposed bone surface, which results in increased
incorporation of F-18 fluoride in the bone (21,26). In
a previous study with animal arthritis model, increased
F-18 NaF accumulation was observed in the joint during
the course of experimental arthritis, this was in contrast
to no distinct F-18 NaF uptake of joint before the onset
of arthritis, and the degree of F-18 NaF uptake was
significantly related to the degree of bone destruction (26).
In a previous clinical study on patients with rheumatoid
arthritis, F-18 NaF accumulated in the erosive bone
lesion of the joint with synovitis and increased F-18 NaF
uptake was associated with progressive joint damage (21).
Another previous study with rheumatoid arthritis patients
also demonstrated that patients with increased F-18 NaF
uptake in the knee joints had greater joint deterioration,
showing a significant positive correlation between PET/
CT parameters and Kellgren-Lawrence grades (22). In
our study, we directly compared joint uptake on F-18 NaF
PET/CT according to the findings of physical examination
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and found that joints with synovitis had significantly
higher F-18 NaF uptake than those without synovitis.
Furthermore, the results of our study also revealed a
significant positive correlation of joint SUV with GSUS and
PDUS scores, which have already been known to be related
to the degree of joint inflammation in rheumatoid arthritis
(27,28). Therefore, although F-18 NaF uptake cannot
directly reflect the degree of inflammatory reaction (21),
joint uptake on F-18 NaF PET/CT might be used to
discriminate damaged joints by inflammation in patients
with rheumatoid arthritis. Accordingly, both quantitative
parameters of bone PET/CT showed high sensitivity and
specificity for predicting joint with synovitis in the present
study.

DAS28 has been considered as the gold standard
for estimating disease activity and evaluating treatment
response in rheumatoid arthritis at an individual level (29).
However, the precise and objective assessment of all 28
joints is not easy to perform in routine clinical practice;
thereby, imaging modalities have been often used for
detecting joint inflammation and helping in making clinical
decisions (4,7,27). In the present study, summed joint SUV
and joint-to-bone uptake ratio of 28 joints on F-18 NaF
PET/CT was found to have a significant strong positive
correlation with DAS28-ESR, which was also reported in
the previous study with bone PET/CT (21). In addition,
usage of optimal cut-off values, summed 28 joints uptake
successfully discriminated high disease activity patients
with an accuracy of 100%. Since patients with high disease
activity would have large numbers of joints with synovitis, it
is reasonable that those patients have greater summed joint
uptake than others. On the other hand, the results of our
study revealed that, contrary to the joints with synovitis,
patients with high disease activity had significantly higher
F-18 NaF uptake of joints without synovitis than other
patients, which could also contribute to high summed joint
uptake. Considering that F-18 NaF uptake is related to
joint damage by inflammation (21,26), this finding in our
study might be an imaging evidence that, in rheumatoid
arthritis patients with high disease activity, a large number
of joints which seemed to be nonaffected or sustaining
remission on physical examination could have subclinical
inflammation and bone erosion. Furthermore, some of the
joints without synovitis in patients with low and moderate
disease activity demonstrated increased joint uptake, similar
to those in patients with high disease activity, suggesting
the presence of subclinical joint damage even in patients
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with low and moderate disease activity. Recently, there has
been growing evidence that a significant portion of patients
on remission or with low disease activity have subclinical
synovitis (30,31). Because subclinical inflammation on
imaging examinations was found to be associated with
clinical outcomes, an attempt has been made to incorporate
subclinical inflammation into treat-to-target strategies,
although recent clinical trials have shown negative results
(30,32,33). Therefore, in addition to the role of aiding
clinical assessment by differentiating patients with high
disease activity, F-18 NaF PET/CT might be used as an
imaging modality for detecting subclinical synovitis. Further
longitudinal studies are needed to evaluate the clinical role
of F-18 NaF uptake in assessing subclinical joint damage
and managing subclinical inflammation of rheumatoid
arthritis.

Plain radiography is the mainstay of imaging examination
for rheumatoid arthritis, but cannot directly assess the
degree of joint inflammation and has low sensitivity for
small and subtle bone erosions (4,27,34). Therefore,
ultrasonography, MRI, and bone scintigraphy have been
currently used as adjunct imaging modalities in rheumatoid
arthritis, but each of these modalities has some intrinsic
shortcomings (7,8,35). Ultrasonography and MRI have high
diagnostic utility in joint inflammation and for monitoring
disease activity and treatment response (9,27,35-37). In
contrast, evaluating all of the 28 joints with these imaging
modalities is not applicable in routine clinical practice and
there is no consensus regarding the minimum number of
joints to be examined in rheumatoid arthritis (7,27,35,37).
Bone scintigraphy also has high sensitivity in detecting joint
involvement and is able to assess all the joints of the body;
however, the findings on bone scintigraphy had a limited
relationship with disease activity and were found to have
a limited benefit over clinical examination in rheumatoid
arthritis (7,8,38-40). Most of all, the interpretation of the
aforementioned imaging modalities is mainly dependent on
visual analysis and quantitative analyses of findings are not
currently available (27,35,38). Thus, inter- and intra-reader
discrepancies in visual image analysis are still a matter of
concern (25,27,35,41).

In this regard, the main strength of F-18 NaF PET/
CT imaging shown in this preliminary study is that the
degree of joint involvement can be directly quantified,
along with the ability to image whole-body joints and detect
ongoing bone destruction (21). Using objective quantitative
parameters measured on bone PET/CT, we could predict
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joints with synovitis and patients with high disease activity
with high sensitivity and specificity, which might aid in the
diagnosis of joint inflammation and assessment of disease
status of rheumatoid arthritis. The results of our study
suggest that F-18 NaF PET/CT might be used as another
imaging method option for the assessment of patients
with rheumatoid arthritis. Nevertheless, for considering
the clinical use of bone PET/CT in rheumatoid arthritis,
F-18 NaF PET/CT also has several inherent drawbacks.
Still, the standard quantitative parameter for estimating
the degree of abnormalities on PET/CT is not established
(13,18). Consequently, we measured two quantitative
parameters in this study, SUV of joint itself and joint-to-
bone uptake ratio, which were comparable to each other
in evaluating disease activity in rheumatoid arthritis. In
addition to the parameters used in our study, several recent
studies demonstrated the clinical usefulness of volumetric
parameters, such as metabolically active volume, for
assessing joint radiotracer uptake (42-44). Moreover, in
joints without synovitis, there is a possibility of difficulty
in distinguishing joint uptake from that of the surrounding
bone, which might limit the accuracy of joint uptake
measurement. Therefore, further discussion is required to
determine the standard method of measuring quantitative
parameters in bone PET/CT to best reflect the degree
of joint damage. The number of joints to be included for
bone PET/CT imaging analysis should be also determined.
Furthermore, F-18 NaF also accumulates in pathologic
joint conditions other than rheumatoid arthritis, such as
osteoarthritis, which would limit the specificity of F-18
NaF PET/CT (21). However, ultrasonography, MRI, and
bone scintigraphy also have similar diagnostic limitations
resulting from a lack of specificity (27,35,38,40). Another
concern is that, because the uptake of F-18 NaF lasts even
after arthritis subsides, it might be difficult to determine
histopathologic status and treatment response solely based
on F-18 NaF PET/CT results (21,26). Therefore, further
studies are needed to establish the clinical role of F-18
NaF PET/CT in rheumatoid arthritis as compared to
conventional imaging modalities.

Recently, several studies tried to investigate the clinical
use of F-18 fluorodeoxyglucose (FDG) PET/CT in
patients with rheumatoid arthritis (21,43,45,46). Because
of the upregulation of glycolytic activity of immune cells
in inflammation, increased F-18 FDG uptake is observed
in regional inflammation (43,45). In rheumatoid arthritis,
F-18 FDG uptake of the joint was reflective of glucose
utilization of macrophages in the joint and showed a
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positive correlation with the degree of synovitis (43,47).
In several clinical studies, F-18 FDG PET/CT proved to
be effective in differentiating rheumatoid arthritis from
other arthritic diseases and assessing the disease activity in
rheumatoid arthritis (43,45,46). In another previous study
that performed both F-18 NaF PET/CT and F-18 FDG
PET/CT in patients with rheumatoid arthritis, F-18 NaF
uptake was mainly observed in erosive lesions of the bone
cortex, whereas F-18 FDG uptake mainly accumulated
in the surrounding soft tissue (21). Furthermore, the
uptake pattern of both radiotracers did not exactly overlap,
suggesting that both radiotracers are related to different
aspects of rheumatoid arthritis (21). In future studies,
the clinical significance of both radiotracers should be
compared to establish the role of each radiotracer in
rheumatoid arthritis.

This study has several unaddressed limitations. First,
the present study included only a small number of
patients selected from a single medical center; thus, our
results should be further validated. Second, patients in
our study were in heterogeneous clinical conditions on
diverse medication, which might affect the results of F-18
NaF PET/CT images. Particularly, most of the patients
(94.1%) in our study were already receiving treatment for
rheumatoid arthritis at the time of PET/CT scanning;
thus, a further study would be needed with enrollment
of patients upon initial work-up. Another limitation is
that only the relationship of F-18 NaF PET/CT with
clinical examination and disease activity was evaluated
in this preliminary study. Further analysis that assesses
clinical benefit over clinical examination and other imaging
modalities should be performed in our future studies. Lastly,
a positron emission mammography (PEM) was shown
to have superior resolution and sensitivity for evaluating
small bones and joints (48); hence, PEM could be more
suitable for quantifying uptake of small joints in rheumatoid
arthritis.

Conclusions

In this preliminary study, joints with synovitis showed
significantly higher values of joint uptake on F-18 NaF
PET/CT images than other joints, and summed joint
uptake on bone PET/CT revealed a strong positive
correlation with DAS28-ESR as well as a moderate positive
correlation with ultrasonography findings in patients with
rheumatoid arthritis. Furthermore, both joint SUV and
joint-to-bone uptake ratio on PET/CT demonstrated high
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sensitivity and specificity for predicting joint with synovitis
and high disease activity in rheumatoid arthritis. Our results
thus suggest that joint uptake on F-18 NaF PET/CT might
be used as an imaging biomarker for estimating disease
activity in rheumatoid arthritis. However, further validation
is warranted in future studies.
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Figure S1 Distribution of the joint SUV (A) and joint-to-bone uptake ratio (B) of the joints with synovitis (tender and/or swollen joints)
and distribution of the joint SUV (C) and joint-to-bone uptake ratio (D) of the joints without synovitis according to the disease activity of
rheumatoid arthritis.
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