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Sonographic Joint Assessment in Rheumatoid Arthritis

Associations With Clinical Joint Assessment During a State of Remission
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Objective. Sonography, as compared with clinical
assessment, is a sensitive tool for evaluating synovitis
in rheumatoid arthritis (RA). However, differences be-
tween these assessment tools may depend on how joint
activity (i.e., an active joint) is defined. The present
study was undertaken to compare clinically active joints
with sonographically active joints in patients with RA,
applying different sonographic definitions of an active
joint.

Methods. Sonographic assessment of the finger
and wrist joints (total of 11 joints) of each hand was
performed in RA patients whose disease was in remis-
sion (Clinical Disease Activity Index <2.8; n � 60).
Gray-scale (GS) and power Doppler (PD) ultrasound
signals for synovitis were evaluated on a 4-point scale
(grade 0 � none, grade 3 � severe). The sensitivity and
specificity of swollen joint counts were investigated
using, as reference, increasingly stringent sonographic
definitions of an active joint. Sonographic findings were
also assessed for correlations with other clinical vari-
ables, including the Health Assessment Questionnaire

(HAQ) disability index (DI). Followup analyses were
performed after 6–12 months.

Results. GS ultrasound signals yielded positive
findings for synovitis in 67.2% of the 1,320 joints
assessed, and PD ultrasound signals indicated signs of
synovitis in 20.4% of the joints assessed. Clinical iden-
tification of joint swelling was 100% specific for sono-
graphic joint activity, independent of the stringency of
the sonographic definition used; maximum sensitivity of
the swollen joint counts was 25% for the most stringent
definition (i.e., GS grade 3 and PD grade 3). Further-
more, patients with a higher-grade PD signal (grade 3)
showed a higher HAQ DI score compared to patients
with lower-grade PD signals (mean � SD HAQ DI
0.45 � 0.62 versus 0.20 � 0.35). A higher grade of PD
signal at baseline was found in joints that were assessed
as clinically swollen at the consecutive followup visit.

Conclusion. Low-grade PD and GS ultrasound
signals may not necessarily reflect the presence of active
synovitis in RA joints. High-grade PD signals correlate
well with the presence of clinical joint swelling and
clinical disease activity, and a higher grade of PD signal
is associated with higher degrees of functional impair-
ment.

Joint damage and functional impairment are
highly important adverse outcomes of rheumatoid ar-
thritis (RA). They have been repeatedly shown to be
associated with clinical disease activity, in particular with
swollen joint counts and acute-phase reactant levels, as
well as composite measures of disease activity in which
these variables are included as components (1–3). More-
over, in states of very low disease activity, progression of
joint damage is related to residual joint swelling rather
than acute-phase reactant levels (2), and the association
between radiographic progression and joint swelling has
been observed at the level of individual joints (3).
Interestingly, grading the extent of clinical joint swelling
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has not withstood sensitivity analyses over time (4), and
therefore it is recommended that evaluation of joint
swelling be performed in an ungraded manner (5). Thus,
any clinical swelling is deemed indicative of progression
of destruction, while “more swelling” in an individual
joint is not considered to result in more damage. How-
ever, in clinical practice, a joint should only be classified
as clinically swollen if the swelling is beyond doubt (6).

Today’s therapeutic targets in patients with RA
are achievement of disease remission or low disease
activity, whereby the term remission comprises lack of
clinical disease activity, halt of joint damage progression,
and normalization or maximal improvement of physical
function (7). Nevertheless, it has been suggested that
some patients may experience radiographic progression
of joint disease despite being in clinical remission (8),
although this presumably is a carry-over effect of past
disease activity (9). Nevertheless, if clinical assessment
of joint swelling is not a sufficiently reliable method
to assess patients with RA in a state of remission, more
sensitive methods for assessment of disease activity
might be needed.

Sonography is a useful and highly sensitive tool
for the evaluation of joint involvement in RA (10). Signs
of synovitis, i.e., synovial effusion and synovial hypertro-
phy, are evaluated on gray-scale (GS) ultrasound. Color
Doppler and power Doppler (PD) ultrasound tech-
niques allow the sensitive characterization of blood flow
in small joints, with PD especially suited for detecting
superficial, slow-velocity flow due to either the vasodi-
lation of normally existing vessels, neoangiogenesis, or a
combination of both, as is typically seen in inflamed
joints (11–14). PD imaging, in particular, was shown to
be as sensitive as magnetic resonance imaging in detect-
ing inflammation (15), and both GS and PD ultrasound
techniques have been demonstrated to be reliable and
sensitive to change (16–20).

Ultrasound also appears to detect subclinical
synovitis in patients who are in clinical remission, i.e.,
without clinically swollen joints (11,21–24). The weak
correlation of sonographic findings with clinical findings
may be explained by the high sensitivity of sonography.
Indeed, several studies have indicated that there may be
no difference in the number of active joints measured by
sonography between patients who are in clinical remis-
sion and those who are not in remission (22–24).

Furthermore, ultrasound-detected synovitis has
demonstrated predictive validity with regard to radio-
graphic progression (25–27). A recent study demon-
strated that ultrasound, and specifically PD ultrasound,
may predict radiographic progression of joint disease
even in patients with RA whose disease is in clinical

remission (28), but the results were dependent on the
grade of PD signal detected.

To fully appreciate the potential added value of
sonography over clinical joint assessment, we compared
these 2 examination methods in the present study, taking
into account the differences in quantification method
(graded assessment by sonography and binary approach
for clinical evaluation) and the impact of the findings
on various aspects of the disease, especially physical
function.

PATIENTS AND METHODS

Patients. Participants in the study were consecutive
RA patients (age �18 years) who regularly visited our out-
patient clinic and whose diagnosis met the American College
of Rheumatology (ACR)/European League Against Rheu-
matism (EULAR) 2010 criteria for RA (29). The patients
were divided into 2 groups: a remission cohort (with remis-
sion defined as a Clinical Disease Activity Index [CDAI] �2.8
[30]) and a convenience sample of patients with higher levels
of disease activity (CDAI �2.8). There were no restrictions
regarding treatment, disease duration, or comorbidities.

The study was approved by the local ethics committee
and conducted according to the guidelines of the Declaration
of Helsinki. Written informed consent was obtained from all
participants.

Clinical assessment. Tender and swollen joint counts
(31) were performed on 28 joints in all patients. Swelling and
tenderness were defined in accordance with the standardized
assessment recommendations from EULAR, whereby, in the
presence of any doubt, a joint was considered “not swollen”
(6). For the evaluation of pain and global assessments of
disease activity (both patient’s and evaluator’s), 100-mm visual
analog scales (VAS) were used. Patients were also asked about
the duration of morning stiffness (in minutes). In addition,
the Health Assessment Questionnaire (HAQ) disability index
(DI) (32) was used to determine the extent of the patients’
physical function. Demographic and clinical data, as well as
laboratory results, including the C-reactive protein level, eryth-
rocyte sedimentation rate, presence of rheumatoid factor, and
presence of anti–citrullinated protein antibodies, were col-
lected from the patients’ charts. For the evaluation of disease
activity, the CDAI, Simplified Disease Activity Index (SDAI),
and Disease Activity Score in 28 joints (DAS28) were used (5).

Sonographic assessment. All sonographic assessments
were performed using high-sensitivity ultrasound equipment
(Logiq E9; General Electric), with an ML 6-15 transducer.
Sonographic assessments were performed using a frequency
range from 9 MHz to 15 MHz. When performing PD ultra-
sound evaluation, the pulse repetition frequency was set
between 500 Hz and 800 Hz, and receiver gain settings were
controlled to eliminate the appearance of artifacts. Synovitis
was defined according to the published Outcome Measures in
Rheumatoid Arthritis Clinical Trials definitions (14).

An experienced sonographer (GS) who had no access
to the clinical and laboratory data and was unaware of the
results of the clinical joint examination evaluated 11 joints of
each hand (including the proximal interphalangeal [PIP] joints,
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the metacarpophalangeal [MCP] joints, and the wrists), using
the method proposed by Filer et al (33) for both GS and
intraarticular PD ultrasound signals. All included joints were
scanned for GS and PD signals in the dorsal aspect, using
longitudinal midline planes as well as transversal planes. The
wrists were additionally examined using longitudinal dorso-
radial and dorso-ulnar scans. GS and PD signals for signs of
synovitis were graded using a 4-grade semiquantitative scoring
system, on a scale of 0–3 (grade 0 � none, grade 1 � mild,
grade 2 � moderate, and grade 3 � severe), according to the
method developed by Szkudlarek et al (34). The highest GS
and PD grade detected during the different scans was adopted
as representative for each respective joint.

The intraobserver reliability of sonographic exami-
nations (assessed by performing the evaluation twice in 10
patients on the same day) revealed a good intraclass correla-
tion coefficient (ICC) of 0.978 (0.972 for GS ultrasound and
0.665 for PD ultrasound). The interobserver reliability (using
sonographic examinations of identical joints in 10 patients
performed by 2 experienced sonographers [GS and PM] inde-
pendently on the same day) likewise revealed good agreement

(ICC of 0.856 for all sonographic assessments, 0.837 for GS
ultrasound, and 0.762 for PD ultrasound). These levels of
reliability were very similar to those observed in recent evalu-
ations of the metrologic properties of joint sonography (19,20).
In all analyses, the sonographic grades were stratified accord-
ing to the level of “stringency” for defining an active joint; in
this context, stringent was taken to indicate a GS and/or PD
signal grade of �1, more stringent as a GS and/or PD signal
grade of �2, and most stringent as a GS and/or PD grade of 3.

Statistical analysis. For statistical analyses, SPSS soft-
ware (version 20.0; IBM) was used. Normally distributed data
are presented as the mean � SD, and t-tests were performed
for statistical comparisons. Analysis of variance was performed
for group comparisons, and the chi-square test was con-
ducted to analyze categorical variables. Cohen’s kappa was
calculated to determine agreement between clinical and sono-
graphic findings. Spearman’s correlation coefficients were
calculated to determine correlations between clinical and
sonographic findings.

We investigated the sensitivity and specificity of the
clinical assessments of swollen and tender joint counts for the

Table 1. Baseline demographic and clinical characteristics and sonographic signal grades in each study cohort*

Patients with RA in
clinical remission

(n � 60)

Patients with RA not in
clinical remission

(n � 30) P

Age, years 60.1 � 10.8 60.1 � 11.3 0.9946
Female, no. (%) 47 (78.3) 23 (76.7) 0.8597
Disease duration, years 9.4 � 8.9 10.3 � 7.7 0.6725
CDAI 1.0 � 0.9 11.2 � 8.1 �0.0001
SDAI 1.4 � 0.9 11.8 � 8.1 �0.0001
DAS28 2.2 � 0.5 3.8 � 1.1 �0.0001
SJC28 0.3 � 0.5 3.2 � 3.3 �0.0001
TJC28 0.1 � 0.4 3.0 � 4.0 �0.0001
VAS pain, mm 4.0 � 6.5 32.4 � 25.4 �0.0001
Global assessment of disease activity, mm

Evaluator’s 1.6 � 2.2 16.0 � 13.5 �0.0001
Patient’s 4.4 � 6.7 34.1 � 24.9 �0.0001

CRP, mg/dl 0.4 � 0.4 0.6 � 0.5 0.0306
ESR, mm/hour 22.9 � 16.1 30.5 � 25.4 0.0993
RF, % positive 63.3 50.0 0.3203
ACPAs, % positive 61.6 60.0 0.9907
Duration of morning stiffness, minutes 5.1 � 31.1 22.9 � 36.9 0.0187
HAQ DI 0.2 � 0.3 0.8 � 0.7 0.0015
Sonographic findings

GS grade of synovitis 20.75 � 8.8 24.7 � 12.8 0.0908
PD grade of synovitis 7 � 5.8 9.3 � 7.8 0.160
GS grade, no. (%) 0.1630

Grade 0 1 (1.6) 0
Grade 1 9 (15.0) 3 (10.0)
Grade 2 34 (56.7) 12 (40.0)
Grade 3 16 (26.7) 15 (50.0)

PD grade, no. (%) 0.1384
Grade 0 4 (6.7) 6 (20.0)
Grade 1 33 (55.0) 10 (33.3)
Grade 2 18 (30.0) 11 (36.7)
Grade 3 5 (8.3) 3 (10.0)

* Except where indicated otherwise, values are the mean � SD. RA � rheumatoid arthritis; CDAI � Clinical Disease
Activity Index; SDAI � Simplified Disease Activity Index; DAS28 � Disease Activity Score in 28 joints; SJC28 �
swollen joint count in 28 joints; TJC28 � tender joint count in 28 joints; VAS � visual analog scale; CRP � C-reactive
protein; ESR � erythrocyte sedimentation rate; RF � rheumatoid factor; ACPAs � anti–citrullinated protein
antibodies; HAQ DI � Health Assessment Questionnaire disability index; GS � gray-scale (ultrasound); PD � power
Doppler (ultrasound).
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presence of any sonographically detected changes in disease
activity. We then tested the association of the clinical findings
with both the GS signal and the PD signal in different com-
binations of sonographic features with different cutoff points,
as follows: GS grade �1 and PD grade �1; GS grade �1 and
PD grade �2; GS grade �1 and PD grade 3; GS grade �2
and PD grade �1; GS grade �2 and PD grade �2; GS
grade �2 and PD grade 3; GS grade 3 and PD grade �1; GS
grade 3 and PD grade �2; and GS grade 3 and PD grade 3.

To determine the value of sonographic assessment for
evaluation of a state of remission, we calculated a sonography-
based CDAI (sCDAI), in a multimodal way similar to that
done in a recent study (20,35). In this index, we replaced the
clinical swollen joint count with the 22 joints that were assessed
by ultrasound, again using the various combinations of sono-
graphic activity criteria described above. However, for the
remaining 6 joints from the 28-joint count (elbows, shoulders,
and knees), the result of the clinical examination was utilized
for both the clinical and the sonographic joint count. Thus, the
sCDAI was calculated as follows: sCDAI � number of active
joints by sonography (wrists, PIPs, MCPs; range 0–22 joints) �
clinical swollen joint count on remaining joints (elbows, shoul-
ders, knees; range 0–6 joints) � clinical tender joint count in
28 joints � patient’s global assessment of disease activity �
evaluator’s global assessment of disease activity.

RESULTS

Demographic and clinical data. In total, 90 RA
patients were assessed. The demographic and clinical
characteristics of the 60 patients with RA whose disease
was in clinical remission (CDAI �2.8) and the control
cohort of 30 patients with active RA (CDAI �2.8) are
listed in Table 1.

Sonographic findings in patients with RA during
a state of clinical remission. The numbers of patients
with RA in clinical remission and those with active RA
who exhibited at least 1 joint with different grades of GS
and PD signals are shown in Table 1. Among the
patients with RA in clinical remission, a total of 1,320

joints were assessed. As shown in Table 2, one-third of
these 1,320 joints showed no indication of synovitis by
both criteria (GS signal grade 0 and PD signal grade 0),
while 1 in 5 joints (269 [20.4%] of 1,320 assessed)
showed PD signals and two-thirds (887 [67.2%]) showed
GS signals indicative of synovitis (Table 2). All joints
with PD signals also showed GS signals, both in patients
with RA in remission and in controls with active RA.

Interestingly, the majority (703 [79.3%]) of the
887 GS-positive joints exhibited only the lowest grade
of synovitis (GS grade 1), while 150 joints (16.9%) had
GS grade 2 and only 34 joints (3.8%) had GS grade 3.
Quite similar results were observed in the distribution
of the PD signals. Among the 269 PD-positive joints, 213
(79.2%) had PD grade 1, 49 (18.2%) had PD grade 2,
and only 7 (2.6%) exhibited a PD grade 3 signal. Of
note, among the GS-positive joints of patients with RA
in remission, 69.7% had no PD signals and only 6.3%
had a PD grade �2. Most patients had at least 1
sonographically involved joint; only a single patient
lacked positivity for both GS and PD signals in all joints,
and 3 additional patients lacked a PD signal in all
examined joints.

Even though the overall percentage of PD- and
GS-positive joints did not vary between patients with
active RA and patients with RA in remission (66.1%
versus 67.2% showing GS signals; 20.9% versus 20.4%
showing PD signals), significantly more joints in the
group not in clinical remission had higher GS signal
grades (GS grade �2) compared to patients whose
disease was in remission (23.2% versus 14% of joints;
P � 0.0001 by chi-square test). A similar trend was seen
for joints with a PD signal grade �2 (6.8% of joints in
the active RA group versus 4.2% of joints in the clinical
remission group; P � 0.0629).

Table 2. Frequencies of the different GS and PD ultrasound grades of synovitis among 1,320 evaluated joints in 60 patients with RA in clinical
remission and 660 evaluated joints in 30 control patients with active RA*

PD grade

Clinical remission Active RA

Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3

GS grade
Grade 0 433 (32.8) 0 0 0 224 (34.0) 0 0 0
Grade 1 531 (40.2) 152 (11.5) 20 (1.5) 0 233 (35.3) 45 (6.8) 5 (0.7) 0
Grade 2 72 (5.5) 52 (3.9) 23 (1.7) 3 (0.2) 56 (8.5) 28 (4.2) 16 (2.4) 1 (0.2)
Grade 3 15 (1.2) 9 (0.7) 6 (0.5) 4 (0.3) 9 (1.4) 20 (3.0) 20 (3.0) 3 (0.5)

* Values are the number (%) of joints with the indicated gray-scale (GS) and/or power Doppler (PD) sonographic grade of synovitis among the total
number of joints evaluated. Among the patients with rheumatoid arthritis (RA) in clinical remission, the distribution of joints with GS and PD grades
0–3 was as follows: for GS, grade 0 n � 433, grade 1 n � 703, grade 2 n � 150, grade 3 n � 34; for PD, grade 0 n � 1,051, grade 1 n � 213, grade
2 n � 49, grade 3 n � 7. Among the patients with active RA, the distribution of joints with GS and PD ultrasound grades 0–3 was as follows: for
GS, grade 0 n � 224, grade 1 n � 283, grade 2 n � 101, grade 3 n � 52; for PD, grade 0 n � 522, grade 1 n � 93, grade 2 n � 41, grade 3 n � 4.
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Comparative analysis of sonographic and clini-
cal joint assessment. Only 15 joints (1.2% of all as-
sessed) were clinically swollen in patients in remission,
while 97 joints (14.7%) exhibited clinical swelling in the
active disease controls. To evaluate agreement between
sonographic and clinical assessment on the basis of
individual joints, Cohen’s kappa was calculated for the
agreement in the swollen joint count for each joint and
for the total swollen joint count of the hand. As shown in
Figure 1, there was higher agreement between sonogra-
phy and the clinical swollen joint count when more
stringent definitions of sonographic activity (i.e., higher
GS and PD signal grades) were applied. Overall, there
was agreement only as expected by chance (� � 0.011),
but this improved when more stringent sonographic
criteria for synovitis (GS grade �2 and PD grade �2)
were used (� � 0.22).

The sensitivity and specificity of clinical assess-
ment of joint swelling, considering sonography as the
gold standard, was calculated using different combina-
tions and cutoff points of sonographic signal grades. The
specificity of clinically assessed swollen joint counts for
sonographically active joints was consistently 99–100%,
independent of the sonographic definition used; in other
words, almost all joints that were clinically swollen
exhibited abnormalities by sonography. Nevertheless,
increasing the stringency of the sonographic criteria led
to an increase in sensitivity for the clinical joint assess-
ment; thus, sonographically active joints as defined by
more stringent criteria were increasingly more strongly
related to clinical swelling. When the least stringent
sonographic criteria (requiring either a GS grade �1 or
PD grade �1) were used, the sensitivity of clinical
assessment of swollen joints was �2%. In contrast, when
the most stringent criteria for sonographic joint activity
(requiring both a GS grade 3 and PD grade 3) were
applied as the reference standard, the sensitivity of
clinical swollen joint assessment rose to 25%; when
applying the criteria requiring either a GS grade 3 or PD
grade 3, the sensitivity of clinical swollen joint assess-
ment amounted to 16%.

We further assessed changes in a composite
measure of disease activity, the CDAI, in patients with
RA in clinical remission, by replacing the clinical swollen
joint count with sonographic signs of synovitis as seen by
PD and/or GS activity (sCDAI), as has been previously
done (20,35) but with use of different cutoffs based on
the sonographic grading. When all joints demonstrating
any signs of synovitis on ultrasound (GS grade �1 or PD
grade �1) were included, the sCDAI values were sub-
stantially higher, at a mean sCDAI of 15.7, compared to
the cutoff point for clinical remission (defined as a mean

clinical CDAI of 2.8). When joints showing both GS
grade �1 signals and PD grade �1 signals were included
in the calculation, the mean sCDAI was 5.4. However,
the mean sCDAI approached the mean clinical CDAI
values when more stringent cutoffs for sonographic
activity were applied. Indeed, when only joints with a PD
grade 3 were included, there was nearly no difference,
on the total group level, between the clinical CDAI and
the sCDAI (mean 1.0 versus 1.1), regardless of the GS
grade (Figure 2). When only the 3 patients whose joints
exhibited both a PD grade 3 and a GS grade 3 were
assessed, the differences were also small. In these 3
patients, the mean � SD CDAI was 1.4 � 0.15 and the
sCDAI was 2.4 � 0.96 (P � 0.15), both of which are
values that were below the cutoff point for clinical
remission (CDAI of 2.8).

Sonographic findings in relation to physical
function and other outcomes. Significant correlations
between sonographic findings and other clinical mea-
sures, such as laboratory results, VAS score for pain,

Figure 1. Percentage of agreement on disease activity (green) or
inactivity (red) evaluated clinically and sonographically in the joints of
patients with rheumatoid arthritis, as well as the percentage of joints
positive on clinical examination only (yellow) or on sonography only
(blue), applying the various sonographic definitions of joint disease
activity (based on different combinations of gray-scale [GS] and power
Doppler [PD] ultrasound grades) in the wrists, the metacarpophalan-
geal (MCP) joints, and the proximal interphalangeal (PIP) joints. The
highest percentage of agreement was found when using the most
stringent sonographic criteria (GS grade 3 and PD grade 3).
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patient’s global assessment of disease activity, evalua-
tor’s global assessment of disease activity, or duration of
morning stiffness, were only seen when more stringent
sonographic criteria (PD grade �2 and GS grade �2)
were applied. Importantly, when we assessed HAQ DI
scores in relation to sonographic results (Table 3), we
found that patients having a high-grade PD signal (PD
grade 3) showed a doubling of the HAQ DI values
(mean � SD HAQ DI score 0.45 � 0.62) compared to
patients whose PD grades were lower (mean � SD HAQ
DI score 0.24 � 0.41 in those with PD grade �2 and
0.20 � 0.35 in those with any PD grade; both P � 0.057
versus those with PD grade 3), indicating that only
high-grade PD signals on ultrasound (which were more

strongly related to the clinical findings, as discussed
above) had functional consequences. Indeed, when the
SDAI and CDAI were assessed for correlation with the
HAQ DI among patients with RA in clinical remission,
we found a significant correlation (r � 0.273, P � 0.037
for SDAI, and r � 0.355, P � 0.009 for CDAI).

Followup analysis. A total of 71 patients had one
followup visit (52 patients in the remission cohort and 19
in the control group). Of the 52 patients whose disease
was in clinical remission at baseline, 12 patients showed
CDAI values of �2.8 at the second visit. There was no
difference in the mean PD and GS grades between these
patients (n � 12) and those who sustained the state of
remission (n � 40), neither at baseline nor at followup.
Of the patients in sustained remission at followup, 25%
(n � 10) had a PD grade 2 at baseline and 7.5% (n � 3)
had a PD grade 3 at baseline, compared to 50% (n � 6)
with a PD grade 2 at baseline and 8.3% (n � 1) with a
PD grade 3 at baseline among those who had lost their
state of clinical remission over the followup (P �
0.1152).

Furthermore, we found no significant difference
between the baseline and followup PD and GS values
within the 12 patients who lost their state of remission
(mean � SD PD grade 6.6 � 6.8 at baseline versus 6.3 �
4.6 at followup; GS grade 19.1 � 10.0 at baseline versus
20.4 � 8.2 at followup). In contrast, we saw a small,
but significant, increase in the number of clinically
assessed swollen and tender joints and, importantly, also
a significant increase in the HAQ DI among the 12
patients who lost their state of remission during followup
(Table 4), which is consistent with our findings indicat-
ing that clinical disease activity has an impact on func-
tional impairment, while sonographic activity has an
impact only when marked signal findings are present.

Figure 2. Comparison of the sonographic Clinical Disease Activity
Index (sCDAI) with the clinical CDAI (set at 1.0) according to dif-
ferent combinations of sonographic criteria among patients with
rheumatoid arthritis in clinical remission (n � 60). Values above the
bars are the mean sCDAI values. Application of the most stringent
criteria for joint disease activity (gray-scale [GS] ultrasound grade 3
and power Doppler [PD] ultrasound grade 3 for synovitis) revealed
similarities between the sCDAI and clinical CDAI.

Table 3. HAQ DI scores in patients with different PD ultrasound
grades of synovitis*

HAQ DI, mean � SD

PD grade 0 (n � 4) 0.16 � 0.19
PD grade �1 (n � 56) 0.20 � 0.35
PD grade 1 (n � 33) 0.19 � 0.33
PD grade 2 (n � 18) 0.17 � 0.29
PD grade �2 (n � 23) 0.24 � 0.41
PD grade 3 (n � 5) 0.45 � 0.62

* HAQ DI � Health Assessment Questionnaire disability index; PD �
power Doppler.

Table 4. Sonographic and clinical values at baseline and at followup
in the 12 patients who were in clinical remission at baseline but not at
followup*

Baseline Followup P

PD grade 6.6 � 6.8 6.3 � 4.6 NS
GS grade 19.1 � 10 20.4 � 8.2 NS
CDAI 1.7 � 0.9 5.5 � 1.9 �0.001
SDAI 2.1 � 0.8 5.9 � 2 �0.001
SJC 0.6 � 0.7 1.6 � 1.4 0.032
TJC 0.25 � 0.45 1.42 � 1.61 0.015
HAQ DI 0.33 � 0.4 0.5 � 0.4 0.019
DAS28 2.3 � 0.6 2.9 � 0.7 NS

* Values are the mean � SD. PD � power Doppler (ultrasound);
NS � not significant; GS � gray-scale (ultrasound); CDAI � Clinical
Disease Activity Index; SDAI � Simplified Disease Activity Index;
SJC � swollen joint count; TJC � tender joint count; HAQ DI �
Health Assessment Questionnaire disability index; DAS28 � Disease
Activity Score in 28 joints.
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Interestingly, however, those patients whose in-
dividual joints became clinically swollen at followup
exhibited significantly higher PD values at baseline (13
joints [59.1%] showing no PD signs, 5 [22.7%] showing
PD grade 1, and 4 [18.2%] showing PD grade �2 at
baseline) as compared to patients whose joints remained
unswollen at followup (898 joints [80%] showing no PD
signs, 177 [15.8%] showing PD grade 1, and 47 [4.2%]
showing PD grade �2 at baseline) (P � 0.0036 by
chi-square test).

Among patients whose disease remained in sus-
tained remission and who had 3 consecutive visits from
baseline to followup after 1 year (n � 21), we saw a
numerical decrease in the PD grade (mean � SD PD
grade 5.3 � 4.1 at baseline decreasing to 3.1 � 2.1 at the
third visit; P � 0.08). This is in line with clinical observa-
tions indicating that sustained remission is a state in
which composite measures of disease activity and phys-
ical function frequently continue to improve (36).

DISCUSSION

Several studies addressing sonographic assess-
ment of RA patients in clinical remission (with remission
defined by the DAS28) have indicated that signs of
inflammation on ultrasound, including signs of synovitis
on GS ultrasound as well as positive signals on PD
ultrasound, can be demonstrated in the joints of such
patients (23,24,27,37,38). Consistent with these findings,
we saw many joints with PD and/or GS signals indicating
the presence of synovitis in patients with RA in clinical
remission (according to the stringent CDAI definition of
remission) (7). However, the majority of these patients
(�80%) had PD or GS signals at the lowest grade levels,
and we also saw a significant difference in GS and PD
signals between patients with RA in remission and those
with active disease.

When we compared clinically assessed joint swell-
ing with sonographically assessed synovitis, we observed
much better agreement with ultrasounds that displayed
high PD signals, although it has to be borne in mind that
in obese patients, for instance, swelling due to synovitis
may be difficult to distinguish from fat deposition on
clinical examination. Nevertheless, while the specificity
of clinically assessed swollen joint counts in relation to
sonographic results was nearly 100%, irrespective of
the grading, sensitivity amounted to a maximum of 25%
when the most stringent ultrasound criteria were used,
namely grade 3 on both GS and PD ultrasound. Thus,
while essentially all clinically swollen joints also display
sonographic abnormalities, the majority of joints with
maximal sonographic activity are not captured by clinical

examination, indicating that significant subclinical syno-
vitis may be present in joints with clinically inactive
disease in a state of stringently defined remission.

To prove or disprove that sonographic signals
truly reflect the presence of synovitis, histologic analyses
of joints exhibiting different grades of GS and PD sig-
nals would be needed, but these are currently not
available. However, a study in which PD and histopatho-
logic findings were compared failed to show a correla-
tion between the amount of PD signal and the histo-
pathologic score (12), while in another recent study,
histopathologic findings were more closely correlated
with PD signals than with GS signals or with the
magnetic resonance imaging synovitis score (13). Inter-
estingly, only 0.3% of the joints of patients with RA in
clinical remission exhibited both a PD and GS grade of
3, and only �3% of the joints of patients with RA in
clinical remission had a PD and GS grade of �2. This
low frequency of significant subclinical ultrasound activ-
ity should be considered when more rigorous ultrasound
screening of joints with clinically unapparent disease is
performed. Consistent with this conclusion, a recent
study by Sakellariou et al demonstrated that, in contrast
to patients with DAS28-defined remission, patients who
met the stringent ACR/EULAR definition of remission
(7) had only a very low frequency of joints with PD
signals positive for signs of synovitis (39), and similar
findings have been made previously in another cohort
(21).

Synovitis that is demonstrated by GS ultrasound
has been repeatedly suggested to be a remnant of earlier
synovitis, and thus GS ultrasound is not necessarily a
reliable tool to diagnose active synovitis (38,40,41). It
has further been revealed that 11% of the joints of
healthy volunteers showed PD signals for joint activity
(42), likely corresponding to the presence of physiologic
vessels, which are increasingly being visualized because
of the recent advances in high-sensitivity ultrasound
machines. Distinction between a “normal” and “abnor-
mal” level of PD signal was also suggested to constitute
a limitation of global ultrasound scores in a recent
systematic literature review (18). Thus, in light of our
data and given that several investigators regard GS
ultrasound as nonspecific (38), and given that in a
further recent study, PD signals were also only utilized
as a predictive variable if the PD grade was �1 (28), the
number of joints in patients with clinical remission that
show signs of “meaningful” sonographic synovitis may
indeed be very small.

When considering findings of subclinical synovitis
in more detail, it has to be borne in mind that remission
at a single point in time or during the short term may
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not be identical to sustained remission, the actual ther-
apeutic goal (43). Indeed, only sustained clinical remis-
sion (remission of �18 months) has been shown to be
associated with a total halt of damage progression,
while some progression of damage was seen in patients
with a shorter time of remission (9), indicating that some
subclinical inflammatory, or at least destructive, activity
must still be ongoing in some patients at the initiation of
remission. Indeed, in a recent analysis, we could show
that patients with sustained remission experienced a
significant decrease in their disease activity scores and
their residual functional impairment over time (36). All
of these observations are supported by the present
findings, showing that PD signals improved significantly
in a state of sustained remission and that individual
joints destined to develop clinical swelling exhibited
higher baseline PD values than did joints that remained
unswollen.

An important observation of our study, how-
ever, was the association of physical disability with the
clinical, rather than the sonographic, findings, both
cross-sectionally and longitudinally. Moreover, given
that we observed that higher PD and GS signals are
more closely related to the clinical finding of joint
swelling, indicating that the relationship between sono-
graphic and clinical assessment is not random, these
findings, taken together, would be compatible with the
assumption that detection of any PD or GS signal may
be oversensitive, and that, in particular, low grades of
PD or GS signals may not necessarily reflect ongoing
inflammation during a state of clinical remission. Con-
sistent with this conclusion, it has been shown that a GS
and PD grade of 1 is of much lower reproducibility than
are grades of 2 or higher (44). The fear of structural
progression in the presence of subclinical synovitis in a
state of clinical remission may have to be balanced
against these insights, and against the very small number
of joints showing signs of sonographically active synovitis
in patients with RA in clinical remission, although
observation periods longer than 12 months may be
needed to fully appreciate the effects of sonographic
synovitis on joint damage.

One of the limitations of our study relates to the
lack of radiographic data, and this will have to be tested
in future analyses. However, a recent publication re-
vealed that joint involvement, irrespective of the method
of assessment, i.e., clinical or sonographic, is associated
with progression of damage, indicating that both meth-
ods are important, but also that sonography had no
particular advantage in this regard (45). Furthermore,
we evaluated all included joints from a single, dorsal
aspect. Ideally, each joint should be scanned from every

possible aspect (including radial and ulnar, where feasi-
ble), as this provides the most complete information
with regard to synovitis. However, we assessed the dorsal
aspect in order to maintain feasibility; although this
might have reduced the sensitivity of ultrasound in the
detection of synovitis in the PIP joints, where the volar
side has been shown to be somewhat more sensitive
(46,47), there exists a number of publications validating
global sonographic joint counts for synovitis focusing on
the dorsal aspect (26,48–50).

In addition, we evaluated 11 joints rather than a
larger number of joints, but there is currently no univer-
sally accepted combination to be included in a global
ultrasound score for synovitis (18), and we followed the
recent suggestions of Filer et al (33). Nevertheless,
evaluation of additional joints might provide added
value in the assessment of clinical remission.

Finally, we used a very high–end machine with a
very sensitive Doppler for ultrasound analysis. Although
this may weaken the applicability of our results in studies
and settings that utilize lower-end machines, this limita-
tion in fact applies not only to this particular study, but
also to essentially almost all recent studies on sono-
graphic evaluation of synovitis, where similar high-end
machines have been used.

In conclusion, the results of the present study
indicate that sonography as a tool to detect synovitis may
only have sufficient value when the signals are high, and
that low signals may not necessarily represent inflamma-
tion and, in contrast to the clinical findings, are not
related to disability. Indeed, the differences between
sonographic and clinical assessment are considerably
lower when using higher cutoff points for defining an
active joint in sonography. Still, sonography has been
shown to be a more reliable measure of joint activity—in
particular, high-grade PD signals appear to be a harbin-
ger of joint damage—and sonographic findings may be a
stronger measure than clinical findings. Moreover, our
data do not exclude the possibility that clinical assess-
ment may be undersensitive and that sonography may,
importantly, complement clinical evaluation. Thus, the
present findings reveal that more detailed assessment of
sonographic data is needed to fully appreciate the value
of ultrasound in the followup of patients with RA.
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2012 GÄRTNER ET AL



Analysis and interpretation of data. Gärtner, Machold, Aletaha,
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