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Abstract

Objective
To examine the clinical features associated with an ultrasound (US) diagnosis of synovitis and/or erosions in patients
suspected of inflammatory arthritis, and the factors associated with this evolution in patients with a normal initial US.

Patients and methods
Cross-sectional: the records of 144 patients who underwent US for suspected inflammatory arthropathy were categorized
into synovitis and/or erosions present or not.
Longitudinal: of 58 patients without synovitis and/or erosions, 30 could be located and 19 agreed to be studied (two were
asymptomatic and refused, nine could not be reached).
Analyses: univariable descriptive analyses were performed. Age, gender, variables significant (p<0.05) in the univariable
analyses, and those clinically relevant were examined by logistic regression for the cross-sectional study. The metric
properties of US compared to overall clinical assessment were also examined.

Results
Age, gender, ethnicity and symptoms’ duration were comparable in patients with and without synovitis and/or erosions.
Wrist swelling (history) and the number of swollen wrist/hand joints were associated with synovitis and/or erosions by
US; morning stiffness, sicca symptoms and low back pain were negatively associated with synovitis and/or erosions. Four
patients evolved into an inflammatory arthropathy but no features distinguished them from those who did not evolve into
an inflammatory arthropathy. The sensitivity, specificity, and overall accuracy of US, compared to the clinical assessment
were 98.9%, 94.1% and 98.1%, respectively.

Conclusions
US is an adequate tool for the assessment of inflammatory arthropathy; however, patients with a single negative US at
initial clinical presentation still need to be followed for the eventual development of an overt arthropathy.
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Introduction

Over the last few years, ultrasonogra-
phy (US) has become a useful tool in
the evaluation of patients with inflam-
matory arthritis (1, 2); it is more sen-
sitive than physical examination and
radiographs in detecting early inflam-
matory and destructive joints changes
although somewhat less sensitive than
magnetic resonance imaging (MRI) (3-
6). The identification of these patients
may allow clinicians to initiate the most
appropriate treatment, including early
aggressive therapies in order to mini-
mize joint destruction and functional
losses (7, 8); however, the ultimate
influence of this technology in clinical
practice or in the conduct of clinical tri-
als has yet to be defined (2, 9, 10).
Known clinical and serological meas-
ures identified at initial evaluations as
predictors of poor radiographic out-
comes in patients with inflammatory
arthritis include disease duration (11),
the number of swollen joints (12), se-
rum rheumatoid factor positivity (11,
13), anti-cyclic citrullinated peptide
antibodies (14), higher levels of C-re-
active protein (CRP), elevated eryth-
rocyte sedimentation rate (ESR) (11,
13, 15), the presence of the rheumatoid
or shared epitope (12, 13, 16) and the
presence of increased levels of RANK
(and low levels of osteoprotegerin) in
the synovium (15). However, the fac-
tors associated with abnormal US find-
ings, either at first evaluation or sub-
sequently, have not been examined to
date.

In this study we investigated the clini-
cal and serological features associated
with the presence of joint inflammation
by US in patients referred to a tertiary
care rheumatology clinic for the evalu-
ation of possible inflammatory arthri-
tis. By performing a long-term follow
up on patients with an initial normal
US exam in this population we aimed
at defining the accuracy of this exam in
the context of the eventual diagnoses.

Patients and methods
The study was approved by the Insti-
tutional Review Board and it was per-
formed according with the Declaration
of Helsinki’s guidelines for the conduct
of research in humans.
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This is a two-part study: cross-sectional
and longitudinal.

Cross-sectional study

Two hundred and five patients referred
for evaluation of inflammatory arthrop-
athy to the tertiary care rheumatology
clinic at the University of Alabama at
Birmingham between January 2002 and
December 2004 who also underwent
an US examination of the joints of the
hands and feet were identified from the
Radiology Department’s database. Of
them, 61 patients were excluded (56
already had an established diagnosis
of an inflammatory arthropathy, two
were less than 18 years of age when US
was performed and three were referred
with a different presumptive diagno-
sis). Thus, the medical records of the
remaining 144 patients were reviewed
and the following data extracted: age,
gender, ethnicity, symptoms’ dura-
tion at the time of evaluation, dura-
tion of morning stiffness, presence of
joint pain and swelling by history and
physical examination, extra-articular
symptoms, medication usage, history
of other comorbidities, laboratory data
(complete blood cell count, rheumatoid
factor positivity and titer, anti-nuclear
antibodies, ESR and CRP) and radio-
graphs and US reports.

Longitudinal study

A total of 58 patients who had a nega-
tive initial US (absence of synovitis
or erosions) were identified from the
above cross-sectional portion of this
study. As per the United States Health
Insurance Portability and Account-
ability Act’s (HIPAA) regulations, pa-
tients could not be contacted directly
by telephone, thus they were invited
to participate in this follow-up study
via an explanatory postcard. Thirty pa-
tients responded; of them, two did not
want to participate as their symptoms
had completely resolved and nine could
not be contacted by telephone; thus, 19
patients were studied. Clinical (history
and physical examination) and then im-
aging evaluations (hand radiographs and
US) were performed within two to 48
hours. Joints assessed in both imaging
modalities included the wrist joints and
the metacarpophalangeal and proximal



interphalangeal joints; the time be-
tween the initial US and these subse-
quent clinical and imaging evaluations
varied from eight to 24 months.

Hand radiographs were obtained using
standard techniques (Kilo volt peak 54,
miliampere-second 2.5, fine detail film-
screen combination). US exams were
performed using 15 MHz high-resolu-
tion linear array transducers with small
footprints; scans of the joints were
performed in the dorsal and palmar/
plantar planes. Individual optimization
of Doppler gain and gate for detecting
low-velocity flow was done; the ini-
tial and follow-up US were performed
and interpreted by a musculoskeletal
radiologist with extensive experience
in  musculoskeletal ultrasonography.
Individual scanning parameters were
optimized for musculoskeletal detail
for the US machines utilized (Sequoia,
Accuson, Mountain View, CA and HDI
3000, Advanced Technologies Labora-
tories, Bothell, WA). No sonographic
contrast agents were utilized as their
use is not routine practice in the United
States. The US examination included
bilateral wrists, second and fifth meta-
carpophalangeal joints, fifth metatar-
sophalangeal joints, and the most swol-
len PIP (one in each hand), for a total
of ten joints per patient. These target
joints were selected on the basis of their
likelihood of involvement in early rheu-
matoid arthritis (RA) as well as their
easy accessibility to the US probe (17-
19). Erosions were defined as cortical
defects greater than 2 mm in diameter,
visualized in two planes and having an
irregular floor (17;20). Synovitis was
defined as increase in joint fluid and/or
hypoechoic synovial proliferation with
increased blood flow by Power Dop-
pler and it was graded as previously de-
scribed on a 1 to 4 scale (20-22).

Analyses

Cross-sectional study

Patients were categorized into two
groups, those with and without synovi-
tis and/or erosions by US and their de-
mographic and clinical characteristics
compared using Chi-square and Stu-
dents’ tests, as appropriate. Significant
variables in these analyses (p<0.05) and
those felt to be clinically relevant were
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Table L. Clinical, laboratory and radiographic features of patients suspected of an inflamma-
tory arthropathy as a function of the presence of synovitis and/or erosions by ultrasound.

Synovitis/erosions Absence Presence p-value®
(n=58) (n=86)
Total symptom duration, months, mean (SD) 31.3 (33.6) 34.1 (46.5)
Morning stiffness, minutes, mean (SD) 110.7 (105.2) 63.4 (63.9) 0.001
History of, n (%)
Wrist pain 24 (41.4) 42 (48.8)
MCP* pain 41 (70.7) 62 (72.1)
Wrist swelling 6 (10.3) 28 (41.2) 0.002
MCP swelling 22 (39.7) 40 (46.5)
Physical examination
Wrist tenderness, n (%) 17 (29.3) 34 (39.5)
Wrist swelling, n (%) 9 (15.5) 30 (34.9) 0.013
Number of hand (MCPs and PIPs") and wrist joints 6.7 (7.9) 5.9 (6.8)
with tenderness, mean (SD)
Number of hand (MCPs and PIPs) and wrist joints 2.4 (4.0) 5.1 (3.7) 0.008
with swelling, mean (SD)
Sicca symptoms, n (%) 22 (37.9) 15 (17.4) 0.007
Low back pain, n (%) 23 (39.7) 13 (15.1) 0.001
Fibromyalgia, n (%) 11 (19.0) 6 (7.0) 0.036
Rheumatoid factor positivity, n (%) 19 (33.0) 27 (31.7)
C-reactive protein, mg/dL, mean (SD) 3.5 (15.3) 1.8 (2.9)
Presence of soft tissue swelling on hand films, n (%) 7 (12.2) 25 (29.3) 0.041

*MCPs for metacarpophalangeal joints, 'PIPs for proximal interphalangeal joints, *Only p-values

<0.05 are shown.

further examined by logistic regression
with abnormal findings by US being
the dependent variable; age and gender
were included regardless of their level
of significance in the univariable anal-
yses. For highly correlated variables
(fibromyalgia, myalgias, depression,
insomnia, fatigue and low back pain),
only the most significant (smallest p-
value) was entered into the model.

Longitudinal study

Patients were categorized into two
groups, those with and without pro-
gression to inflammatory arthropathy.
Progression was defined as worsen-
ing of symptoms, presence of joint
swelling on physical examination,
erosions on hand radiographs and/or
synovitis and/or erosions by US. The
baseline characteristics between these
two groups were compared using Chi-
square (Fisher’s exact) and Students’
t-tests, as appropriate.

Finally, the metric properties of US in
the diagnosis of inflammatory arthrop-
athy were examined; to this end, the
overall patients’ comprehensive clini-
cal assessment of their final working
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diagnosis was arbitrarily considered
the gold standard.

All analyses were performed using SPSS
version 14.0 (Chicago, IL 60606).

Results

Cross-sectional study

Univariable analyses. Of the 144 pa-
tients evaluated there were 86 with
synovitis and/or erosions and 58 with-
out them. Age, gender, ethnicity and
duration of symptoms were compa-
rable in both groups. Patients with
synovitis and/or erosions were more
likely to have wrist swelling by his-
tory and physical examination (41.2
and 34.9 vs. 10.3 and 15.5%, p=0.002
and 0.013, respectively) and a higher
number of swollen wrist and hand
joints by physical examination [mean
(standard duration, SD) 5.1(3.7) vs. 2.4
(1.0), p=0.008]; they were also more
likely to have evidence of soft tissue
swelling on hand radiographs than
those with neither synovitis nor ero-
sions (29.3% vs. 12.2%; p=0.041). In
contrast, patients with neither synovitis
nor erosions were more likely to have
a longer duration of morning stiffness,
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[110.7 (105.2) vs. 63.4 (63.9) minutes,
p=0.001], more sicca symptoms (37.9
vs. 17.4%, p=0.007), low back pain
(39.7 vs. 15.1%, p=0.001) and fibromy-
algia (19.0 vs. 7.0%, p=0.041). Rheu-
matoid factor positivity (and titers) and
CRP levels were comparable in the two
groups. These results are summarized
in Table 1. The diagnoses in these pa-
tients are depicted on Table II. Of im-
portance, the proportion of patients who
were diagnosed with an inflammatory
arthropathy was much higher in those
with positive US examinations (87.2%
vs. 27.6%) and the opposite was true
for the non-inflammatory conditions
(72.4% vs. 12.8%), p<0.0001.

Multivariable analyses

A history of wrist swelling and the
number of swollen hand and wrist
joints by physical examination were
independently associated with the pres-
ence of synovitis and/or erosions by
US [Odds ratios (OR) 3.204 and 1.104;
95% Confidence Intervals (CI) 1.132-
9.072 and 1.020-1.194; p-values=0.028
and 0.014, respectively)] whereas the
duration of morning stiffness, sicca
symptoms and low back pain were
negatively associated with the presence
of synovitis and/or erosion (OR=0.994,
0.366 and 0.355; 95% CI 0.989-1.000,
0.148-0.900 and 0.141-0.893 p=0.035,
0.029 and 0.028, respectively). These
data are shown in Table III.

Longitudinal study

Of'the 19 patients included in this part of
the study, four patients had progressed
to a defined inflammatory arthropathy
(two patients developed RA and one
each developed psoriatic arthritis and
systemic lupus erythematosus, SLE)
within one to three months of the initial
evaluation; these diagnoses were based
on clinical findings and laboratory tests.
None of the demographic, clinical or
laboratory features at initial evaluation
distinguished these patients from those
who did not evolve to a defined inflam-
matory arthropathy. In contrast, at fol-
low-up those patients who had evolved
into a defined inflammatory arthropathy
were more likely to have wrist swell-
ing by physical examination (50% vs.
0%, p=0.035); one of the RA patients,

Table II. Final clinical diagnoses in patients with suspected inflammatory arthropathy and

ultrasound (US).
US findings No synovitis/ Synovitis/ Erosion and/or
Diagnoses no erosion, n no erosion, n synovitis, n

Inflammatory arthropathies

Rheumatoid arthritis 4
Seronegative spondyloarthropathies 1
Undefined polyarthritis 7
Systemic lupus erythematous 3
Polymyalgia rheumatica 1
Subtotal 16
Non-inflammatory arthropathies
Osteoarthritis 11
Fibromyalgia 9
Hepatitis C-related arthralgias 1
Polyarthralgias- unidentified cause 21
Subtotal 42
Total 58

25 31
1 2
12 2
2 0
0 0
40 35
4 3
2 0
0 0
2 0
8 3
48 38

Table III. Multivariable logistic regression analyses of factors associated with the presence of syno-

vitis and/or erosions on ultrasound of target joints™.

Variables QOdds ratio p-value
(95% CI¥)
History of wrist swelling 3.204 (1.132-9.072) 0.028
Number of swollen hand® and wrist joints by physical 1.104 (1.020-1.194) 0.014
examination
Duration of morning stiffness 0.994 (0.989-1.000) 0.035
Sicca symptoms 0.366 (0.148-0.900) 0.029
Low back pain? 0.355 (0.141-0.893) 0.028

*Age, gender and ethnicity were adjusted for in the model; *CI: confidence interval; Yincludes meta-
carpophalangeal and proximal interphalangeal joints; ¥ highly associated with fibromyalgia, myalgias,
depression, insomnia and fatigue, thus this was the only variable included in the model.

however, was not symptomatic during
the second assessment. The initial and
subsequent imaging data for these four
patients are depicted in Table IV; none
of the four patients developed any radi-
ographic abnormalities, one of the four
had stable negative findings with no
US abnormalities whereas one patient
with RA had developed erosions; three
of the four including the one with ero-
sions had developed synovitis on fol-
low-up US [two had hypoechoic syno-
vial proliferation with increased blood
flow by Power Doppler (1+and 2+) and
one had effusion (1+)]. Taken together
the data from both, the cross-sectional
and longitudinal studies, and includ-
ing the two patients who declined the
follow up assessment as they were no
longer symptomatic, the sensitivity,
specificity and overall accuracy of US
in the evaluation of patients suspected
of an inflammatory arthropathy when
compared to clinical assessment were
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98.9%, 94.1% and 98.1%, respectively.
These data are noted in Table V.

Discussion

The two parts of our study had a differ-
ent purpose. The first one was to assess
the factors associated with the presence
of abnormal US findings in patients sus-
pected of an inflammatory arthropathy
and referred for evaluation to a tertiary
center rheumatology clinic. The sec-
ond part was to determine if a negative
initial US assessment should be consid-
ered definitive or if patients should be
followed further. Not surprisingly, we
have shown that a history of swollen
wrists and the number of swollen wrist
and hand joints by physical examination
were predictive of US findings; in fact
the majority of patients with positive US
findings went on to be diagnosed with
RA after their initial evaluation (65%).
Of interest, few patients who were
clinically diagnosed with osteoarthritis
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Table IV. Initial and final imaging evaluations in patients who developed an inflammatory

arthropathy.
Patient Clinical Radiograph Ultrasonography Interval between
diagnosis™® assessments
Initial Subsequent  Initial Subsequent (months)
1 RA Normal Normal Normal Erosions/Synovitis 8
(1+SP by PD)

2 SLE Normal Normal Normal  Synovitis(14+SP by PD) 16

3 RA Normal Normal Normal Normal 16

4 Psoriatic Normal Normal Normal Synovitis (1+Ef) 20

arthritis

*RA: Rheumatoid arthritis; SLE: Systemic lupus erythematosus; PD: Power Doppler; SP: Synovial

proliferation; Ef: Effusion.

Table V. Diagnosis of inflammatory arthropathy: ultrasound vs. overall clinical assessment.

Assessment Clinical diagnoses of inflammatory  Total
arthropathy
Presence Absence
Synovitis and/or erosions by Ultrasound Presence 89 0 9
Absence 1 17 18
Total 90 17* 107

Sensitivity: 98.9%

Specificity: 94.1%

Positive predictive value: 98.9%
Negative predictive value: 94.1%
Overall accuracy: 98.1%

“Two patients who were asymptomatic and thus declined the assessment are included in the total.

(OA) had erosions indicating the now
recognized inflammatory nature of this
arthritide (23); these patients, however,
had no additional stigmata that will sug-
gest the presence of RA. We were not
surprised about the fact that non-articu-
lar symptoms (associated with low back
pain) were negatively associated with
US findings (vide infra). However, we
were surprised at finding morning stiff-
ness to be negatively associated with
US positive findings. Our results for the
second part of the study are less conclu-
sive given the small number of patients
included (vide infra). Taken together,
however, we believe the metric proper-
ties of US in terms of aiding in the di-
agnosis of an inflammatory arthropathy
are quite good.

In terms of the negative association of
US findings and duration of morning
stiffness, considered indicative of joint
inflammation and a criterion for the clas-
sification of RA (24), our data suggest
that clinicians should not put too much
weight on it when evaluating patients

for possible inflammatory arthropathy
as it can occur in other diseases such
as OA; in fact, it is part of The Western
Ontario and McMaster Universities OA
Index (25). Furthermore, patients with
fibromyalgia also frequently complain
of morning stiffness (26). Of note, OA
and fibromyalgia were the two most
common diagnoses in those patients
with negative US findings (21% and
16%, respectively). We must also add
that there is a lack of consistency in re-
cording the duration of morning stift-
ness; a large intra-individual variation
has been reported depending if it is re-
corded by the patient or ascertained by
interview (27).

A history of low back pain, a correlate
of fibromyalgia, and of sicca symptoms
were found to be negatively associated
with US findings. Fibromyalgia was
the second most common diagnosis
in patients with negative US. None of
the patients who complained of sicca
symptoms was later diagnosed as hav-
ing Sjogren’s syndrome; it is possible
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that sicca symptoms in these patients
were associated with the use of anti-
cholinergic agents, not an infrequent
occurrence in patients with depression,
fibromyalgia and insomnia. However,
this information was not readily avail-
able in the records examined.

Should patients referred for evaluation
of a possible inflammatory arthropathy
but who have a negative US evaluation
be followed as they still may evolve
into a defined diagnosis? Four out of
19 (or 21 including the two patients
that were no longer symptomatic) pa-
tients assessed did in fact evolved and
this occurred shortly after the initial
evaluation. Of note, three of these four
patients had findings suggestive of in-
flammatory arthropathy at our follow-
up US (one with erosions and three
with synovitis). Sensu strictu, the re-
maining patient represents a false neg-
ative result; however, it is conceivable
there would have been no evidence of
synovitis and/or erosions even if his-
topathological data were available.
Furthermore, the amount of Doppler
signal and the degree of synovitis by
histopathology may not correlate very
well (28). The sensitivity, specificity
and overall accuracy of US at initial
clinical presentation compared to final
clinical assessment in our study suggest
that this method is valuable; however,
only about one third of the potential el-
igible patients were assessed and this is
an obvious drawback of this part of our
study. Given this, it is not surprising
that we failed to identify any predictive
features of evolution into an inflam-
matory arthropathy. Nevertheless, our
data suggests that a single comprehen-
sive (included US) negative evaluation
for inflammatory arthropathy does not
exclude its eventual occurrence and
that patients should be observed for a
few more months for the appearance of
overt clinical findings that may guide
the clinical diagnosis; in fact, the final
diagnoses in our four patients were
clinically-based and not made by US.
As noted before, current HIPAA regu-
lations prelude us from contacting all
patients and even in those we were
able to contact we could only schedule
an assessment on about two thirds of
them.
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Our study has some limitations. First,
the clinical data extracted from the med-
ical records in terms of possible factors
associated with a positive US might not
be totally accurate or complete; how-
ever, these data came from the same
academic practice and documentation
follows the same guidelines. Second,
we studied patients referred for possi-
ble inflammatory arthropathies rather
than with a single arthritide, our results
may not be applicable to each one of
them. Finally, the number of patients in
the longitudinal study was small, which
may have prevented us from identify-
ing the predictive features of the evolu-
tion to an inflammatory arthropathy in
patients who had an initial negative US
evaluation.

In conclusion, US in patients suspected
of an inflammatory arthropathy aids in
the identification of patients with de-
fined inflammatory arthropathies. Not
surprisingly factors associated with
such occurrence include history of wrist
swelling and the number of swollen
hand and wrist joints; however morning
stiffness, sicca symptoms and fibromy-
algia-related symptoms are negatively
associated with positive US findings.
Patients with a negative initial com-
prehensive evaluation (including US)
should be followed as clinical features
of a defined inflammatory arthropathy
may still ensue over time.
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