
● Original Contribution

ANKLE EVALUATION IN ACTIVE RHEUMATOID ARTHRITIS BY ULTRASOUND: A
CROSS-SECTIONAL STUDY

Ahmed M. Elsaman,* Ehab Saad Mostafa,† and Ahmed R. Radwan*
* Department of Rheumatology and Rehabilitation, Sohag University Hospital, Sohag, Egypt; and † Department of Rheumatology

and Rehabilitation, South Valley University Hospital, Qena, Egypt

(Received 30 October 2016; revised 8 August 2017; in final form 10 August 2017)

Abstract—Ankle joint evaluation is underestimated in many clinical and sonographic scores used for evaluation
and follow-up of rheumatoid arthritis (RA) patients. Agreement on examination parameters is poor among
sonographic scores that include the ankle joint. More effort is needed to detect the value of ankle joint exami-
nation in RA and assessment of ultrasonographic signs according to frequency, disease duration and activity. The
objective of this study was to use ultrasound (US) to detect ankle involvement in active RA and to compare find-
ings with disease duration, disease activity and assessment of ankle bone erosion. A total of 63 RA patients with
active disease and 20 controls were included in the study. The tibiotalar and talonavicular joints were examined
by US for synovitis and/or effusion in gray-scale and power Doppler modes. The anterior, lateral and posterior
ankle tendons were examined for tenosynovitis and tendinosis. Mean age was 35.1 ± 8.3 y, mean disease duration
was 22.7 ± 9.6 mo and the mean 28-joint Disease Activity Score–erythrocyte sedimentation rate was 3.05 ± 0.66.
Ankle involvement was seen in 28 patients (44.4%). The most frequent pathologies detected were tenosynovitis
(30.2%), followed by synovitis (18.3%), erosion (8.7%) and tendinosis (4%). The earliest sonographic signs were
tenosynovitis, followed by synovitis, erosion and tendinosis. The right ankle exhibited greater involvement than
the left ankle, which was significant with respect to erosions (p = 0.009). The most common tendon affected by
tenosynovitis was the tibialis anterior (22.2%), followed by the tibialis posterior (20.6%). Tenosynovitis, especial-
ly of the tibialis anterior and posterior, tibiotalar synovitis and erosions should be considered in future US ankle
scores for the assessment of RA. (E-mail: ahmed_elsaman@med.sohag.edu.eg; m2319434@yahoo.com) © 2017
World Federation for Ultrasound in Medicine & Biology. All rights reserved.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic chronic inflam-
matory polyarticular disease affecting mainly small joints
of the hand and foot. Nearly 90% of RA patients have foot
or ankle involvement during the course of the disease, most
within the first few years after diagnosis. Approximately
20% of them developed arthritis first in the foot or ankle
(Matricali et al. 2006).

Usually, clinical examinations alone are not suffi-
cient for early diagnosis and follow-up of RA. Ultrasound
(US) examination can help to diagnose clinically unde-
tectable disease. In one study, about 20% of patients with
subclinical disease have been found to have synovitis by
US. Furthermore, US can detect tenosynovitis, erosion and
power Doppler (PD) activity, signs that are helpful in de-

termining disease prognosis and treatment protocols (McKie
and O’Connor 2007).

A healthy ankle joint is crucial for maintaining a normal
gait. The tibiotalar, talonavicular and calcaneocuboid joints
are the primary joints involved in gait. In RA patients, the
plantar flexion of the ankle joint is commonly affected. There
is an association between levels of functional disability and
gait quality parameters (Weiss et al. 2008).

Different clinical scores have been established to eval-
uate activity and remission in RA patients. Some of them
do not include the ankle joint in the evaluation of activ-
ity. One example is the 28-joint Disease Activity Score–
erythrocyte sedimentation rate (DAS28-ESR) (Wells et al.
2009). Moreover, many US-based scores do not include
the ankle joint, for example, the 6-joint US assessment of
Perricone et al. (2012) and the 7-joint US score of Backhaus
et al. (2009).

Other US-based scores that include the ankle joint in
their calculation are the GLOESS (Global OMERACT–
EULAR Synovitis Score), the 12-joint simplified PD
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ultrasonographic assessment and the 78-joint US assessment
(D’Agostino et al. 2015; Hammer et al. 2010; Naredo et al.
2008). These scores vary widely in what is examined in
the ankle joint and how it is assessed. Some use PD only,
whereas others add gray mode. Furthermore, some examine
only the joint space, whereas others scan the tendons and
bursa. Thus, there has been no consensus on a single ex-
amination method for the ankle joint in RA patients.

Though studies of ankle evaluation in RA are scarce,
researchers have tended to focus mainly on either pain-
less or asymptomatic ankles. This appraisal could comprise
some bias, as asymptomatic ankles may be associated with
disease remission or the presentation could differ from that
of symptomatic ankles (Alsuwaidi et al. 2016; Gutierrez
et al. 2016). Furthermore, erosion assessment and corre-
lation of US findings with disease activity were not
elucidated in those studies. Our study could provide a
framework for future US ankle scores in RA patients. As-
signment of US ankle score requires arrangement of the
sonographic findings according to frequency and rela-
tion to disease duration. Furthermore, correspondence
between activity and sonographic findings could narrow
the examination spectrum by including only US param-
eters frequently associated with disease activity. Erosion
assessment could also be of value in estimating disease
prognosis. In our study, we tried to achieve three goals:
(i) to perform a detailed US examination of the ankle joint
in active RA; (ii) to identify the frequency of ankle joint,
tendon and bone involvement in active disease; and (iii)
to compare disease activity, disease duration and rheu-
matoid factor status with sonographic findings.

METHODS

The goals, steps and methodology of the study were
explained to the patients, and signed consent forms were
obtained from all before inclusion in the study. The study
protocol was approved by the ethics committee of Sohag
Faculty of Medicine, Egypt. Personal and medical infor-
mation was kept confidential and not made available to
third parties. Included in the study were a total of 126 ankles
of 63 RA patients fulfilling the 2010 ACR/EULAR clas-
sification criteria, with DAS28-ESR >2.6 and age >18 y.
There were no conditions for disease duration (Kay and
Upchurch 2012; Matsui et al. 2007). All patients were re-
cruited from the rheumatology outpatient clinic at Sohag
University Hospital. In addition, 40 ankles from 20 healthy
participants, with similar age and sex distribution, were
included in the study as a control group.

US examination was done with a 7- to 12-MHz
(General Electric Logic E, China) linear probe. Exami-
nations included the tibiotalar and talonavicular joints for
synovitis and/or effusion GS and PD. Fluid distension
>3 mm in the tibiotalar joint and >2.6 mm in the talona-

vicular joint was considered effusion (Machado et al. 2014).
The patients were positioned with the knee flexed to 45°
degrees and the sole facing the bed. For the tibiotalar joint,
the anterior medial and lateral compartments were exam-
ined, and the talonavicular joint was examined by the anterior
approach only. The extensor tendons including tibialis an-
terior, extensor hallucis longus and extensor digitorum longus
were examined for tenosynovitis and/or tendinosis on gray
scale (GS) and PD. On the medial side, the tibialis pos-
terior, flexor digitorum and flexor hallucis longus were also
examined. On the lateral side, the peroneus longus and brevis
tendons were examined using the same parameters
(Martinoli 2010; Suzuki and Okamoto 2013).

All tendons were examined along the full length, start-
ing from the myotendinous junction in the sagittal and axial
planes. Static and dynamic examinations were also done
(Martinoli 2010; Schmidt et al. 2004). Tendinosis was
defined as swelling of the tendon with loss of the normal
fibrillar pattern and areas of hypo-echogenicity (Riente et al.
2006). Erosion was considered to be present when visu-
alized in both the longitudinal and transverse planes with
a definite loss of bone cortex (D’Agostino et al. 2009).
Synovitis was defined as either a hypo- or anechoic intra-
articular compressible structure not showing a Doppler
signal (effusion) or an abnormal intra-articular hypo-
echoic non- or poorly compressible tissue showing a
Doppler signal (synovial proliferation) (Ohrndorf and
Backhaus 2013). Tenosynovitis was defined as hypo- or
anechoic tissue swelling with or without fluid inside the
tendon sheath, considered as such only when seen in two
perpendicular planes, with or without Doppler signal
(Alcalde et al. 2012).

Synovitis and synovial/tenosynovial vascularity were
calculated with a semiquantitative method (grade 0–3) by
PD. Synovitis (effusion and/or synovial hypertrophy) was
assessed semiquantitatively by GS (Scheel et al. 2005).
Tenosynovitis and erosion in GS were scored 0 when absent
or 1 when present (Ohrndorf et al. 2013).

All the patients involved in the study were under treat-
ment with disease-modifying anti-rheumatic drugs
(DMARDs) and naïve for biological treatment.

The US examination was conducted by A.M.E., who
has >6 y experience in this field and was trained by Dr.
Marina Backhaus at Charite University Hospital in Berlin,
Germany. This article is his seventh publication in the US
field. A.R.R., who has 12 y of experience in clinical rheu-
matology and 10 y in statistics, calculated the DAS28-
ESR score and performed the clinical examination and
statistical analysis. A.M.E. was blinded to the clinical data
of the participants, who were instructed not to share their
medical complaint with the sonographer. Likewise, A.R.R.
was blinded to the US examination results, E.M. was
responsible for shifting the participants between the two
examiners and guaranteeing study blindness.
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Statistical analysis
Data were analyzed using the SPSS software, Version

24 (2016, IBM, Armonk, NY, USA). Data are expressed
as the mean ± standard deviation (SD) for continuous vari-
ables and number and percentage for categorical variables.
The categorical variable percentages were compared across
groups using the χ2 test. Fisher’s exact test was used instead
of the χ2 test where cells had an expected count <5. St-
udent’s t-test was used to compare means of continuous
variables between two groups, and analysis of variance
(ANOVA) was used to compare means among more than
two groups. p values <0.05 were considered to indicate
significance.

RESULTS

The mean age was around 35 y, and nearly two-
thirds of participants were female in both groups, with a
non-significant difference. The comparison between cases
and controls revealed a significantly higher prevalence of
ankle joint US findings among cases, particularly for sy-
novitis (by B-mode) (Table 1). Mean disease duration was

slightly less than 2 y (range: 6 mo–5 y). RF was positive
in more than three-fourths of cases. The mean DAS28-
ESR was around 3, with most patients having low disease
activity (71.4%) and only three patients having high disease
activity (Table 2). A total of 28 patients (44.4%) had ankle
involvement (synovitis and/or tenosynovitis and/or erosion
and/or tendinosis). Half of them had isolated right ankle
involvement only, 4 patients had isolated left ankle in-
volvement only and 10 patients had bilateral ankle
involvement.

The most frequently detected pathologies were te-
nosynovitis of the flexor, extensor or peroneal tendons
(found in 30.2% of the affected ankles, 27% by B-mode
and 6.3% by PD); followed by synovitis of the tibiotalar
and/or talonavicular joint (found in 18.3% of joints, 15.9
by B-mode and 9.5% by PD); followed by erosion (8.7%)
and, lastly, tendinosis (4%). The right ankle exhibited higher
but non-significant percentages of synovitis, with a higher
and significant percentage of tenosynovitis and erosion
compared with the left side (p values = 0.045 and 0.027,
respectively) (Table 3).

Tibiotalar synovitis was more common than subtalar
synovitis (17.5% vs. 4.8%, respectively). For tenosyno-
vitis, the most common tendon affected was the tibialis
anterior tendon (22.2% of cases), followed by the tibi-
alis posterior tendon (20.6%) and the extensor hallucis
longus, extensor digitorum and peroneus longus tendons
(4.8% each). The flexor digitorum (3.2%) and peroneus
brevis (1.6%) were affected least frequently. The flexor
hallucis tendon was not affected in any patient (Fig. 1a–c).

Patients with ankle involvement had a significantly
longer disease duration (26 mo) compared with patients
without ankle involvement (20 mo, p = 0.016). Also, bi-
laterally affected patients had significantly longer disease
duration (30 mo) than unilaterally affected patients (24 mo,
p = 0.015). The earliest sonographic sign was tenosyno-
vitis, especially for tibialis posterior (with a mean disease
duration of 25 mo), followed by synovitis (28 mo), erosion
(36 mo) and tendinosis (44 mo). The mean duration of

Table 1. Case–control comparison

Item Cases (n = 63)
Controls
(n = 20) p Value

Sex
Male 22 (34.9%) 7 (35%) 0.993*
Female 41 (65.1%) 26 (65%)

Age
Mean ± standard
deviation

35.13 ± 8.29 35.55 ± 8.84 0.782†

Median (range) 34 (22–52) 37 (20–50)
Rheumatoid factor

Positive 49 (77.8%) 3 (15%) <0.001*
Negative 14 (22.2%) 17 (85%)

Patients affected 28 (44.4%) 4 (20%) 0.011*
Ankles affected 38 (30.2%) 5 (12.5%) 0.026*
Laterality

None 35 (55.6%) 16 (80%) 0.082*
Right ankle 14 (22.2%) 2 (10%)
Left ankle 4 (6.3%) 1 (5%)
Bilateral 10 (15.9%) 1 (5%)

No. of US findings
0 88 (69.8%) 35 (87.5%) 0.005*‡

1 5 (4%) 3 (7.5%)
2 11 (8.7%) 2 (5%)
≥3 22 (17.5%) 0

Synovitis
All 23 (18.3%) 1 (2.5%) 0.013*
B-mode 20 (15.9%) 1 (2.5%) 0.027*
Power Doppler 12 (9.5%) 0 0.093*‡

All 38 (30.2%) 6 (15%) 0.058*
Tenosynovitis

B-Mode 34 (27.0%) 6 (15%) 0.123*
Power Doppler 8 (6.3%) 0 0.227*‡

Tendinosis 5 (4.0%) 0 0.454*‡

Erosions 11 (8.7%) 0 0.117*‡

* χ2 test was used.
† Student’s t-test was used.
‡ Fisher’s exact test was used instead of Pearson’s χ2 test.

Table 2. Clinical data for the study cases

Item Value

Disease duration, mo
Mean ± SD 22.68 ± 9.63
Median (range) 22 (6–60)

Rheumatoid factor
Positive 49 (77.8%)
Negative 14 (22.2%)

DAS-28
Mean ± SD 3.05 ± 0.66
Median (range) 2.80 (2.6–5.8)
Low disease activity 45 (71.4%)
Intermediate disease activity 15 (23.8%)
High disease activity 3 (4.8%)

SD = standard deviation.
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tenosynovitis was significantly lower than that of erosion
(p = 0.023). The mean duration of tendinosis was signifi-
cantly longer than that of tenosynovitis (p = 0.005) or
synovitis (p = 0.026) (Table 4).

There was a positive significant association between
DAS28-ESR and ankle involvement (p < 0.001). Also, bi-
laterally affected patients had a higher DAS28-ESR than
those affected unilaterally (p < 0.001). For synovitis, a
higher DAS28-ESR was significantly associated with ta-
lonavicular synovitis (p = 0.001), but not with subtalar joint

synovitis (p = 0.157). Also, there was a significant posi-
tive association between DAS28-ESR and tenosynovitis
(p < 0.001). On the other hand, there was no association
between erosion and DAS28-ESR (p = 0.069) (Table 5).

We found a significant positive association between
RF positivity and ankle joint involvement, as 54% of the
RF-positive cases had ankle involvement, compared with
only 13% of the RF-negative (p = 0.005). On the other hand,
RF positivity was not significantly associated with DAS28-
ESR (p = 0.074) or erosion (p = 0.667) (Table 6).

Table 3. Comparison between right and left side US findings of the studied cases

Item Right Left Total χ2 p Value

Synovitis 13 (20.6%) 10 (15.9%) 23 (18.3%) 0.479 0.489
B mode 11 (17.5%) 9 (14.3%) 20 (15.9%) 0.238 0.626
Power Doppler 7 (11.1%) 5 (7.9%) 12 (9.5%) 0.368 0.544

Tenosynovitis 23 (36.5%) 15 (23.8%) 38 (30.2%) 2.411 0.120
B mode 22 (34.9%) 12 (19.0%) 34 (27.0%) 4.028 0.045
Power Doppler 4 (6.3%) 4 (6.3%) 8 (6.3%) 0.000 1.000*

Tendinosis 1 (1.6%) 4 (6.3%) 5 (4.0%) 1.874 0.385*
Erosions 9 (14.3%) 2 (3.2%) 11 (8.7%) 4.881 0.027
Total ankle affection 23 (36.5%) 15 (23.8%) 38 (30.2%) 3.663 0.050

* Fisher’s exact test was used instead of the χ2-test.

Fig. 1. (a) Anterior sagittal view of the ankle joint revealing synovitis of the tibiotalar joint (arrow) with tenosynovitis of the distal part of
tibialis anterior tendon on gray scale (arrowheads), the tibia at the left side, followed by talus bone. (b) Anterior sagittal view of the tibialis
anterior tendon revealing tenosynovitis on power Doppler (arrowheads) and a hypo-echoic shadow. The tibia can be seen underlying the
tendon. (c) Posteromedial axial view of the ankle, revealing the tibialis posterior tendon behind the medial malleolus with tenosynovitis
(star) on B-mode and no power Doppler activity. The arrowhead points to the flexor digitorum longus tendon, and the white arrow points

to part of the neurovascular bundle.
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DISCUSSION

Over the last decade, the use of musculoskeletal US
in the diagnosis and follow-up of disease activity in RA
has improved dramatically. Different scoring systems have
been tested and developed for this purpose using GS and
PD US. Many of these scores have dropped the ankle joint
from evaluation, and agreement on evaluation param-
eters is poor among those that include the ankle (Naredo
et al. 2013). Nonetheless, US has revealed considerable
details on ankle joint involvement in active RA.

Although Suzuki and Okamoto (2013) assessed the
ankle joint in detail in their study, they did not include eval-
uation of erosion and also did not correlate ankle sonographic
findings with disease activity. Moreover, they did not
comment on the relationship of disease activity and du-
ration with bilateral ankle involvement. The blindness of
that study was not guaranteed because it was retrospective.

Naredo et al. (2008), using their 12-joint simplified
PD score, assessed the ankle in terms of the anterior

tibiotalar recess, anterior tendon sheaths, medial tendon
sheaths and lateral tendon sheaths. In their study, erosion
was not evaluated. All patients in that study were fol-
lowed just before and after 6 mo of biological treatment.
Furthermore, they included RA patients without a certain
condition of disease activity. This study was designed more
to test the power of their score than to focus on the ankle
joint (Naredo et al. 2008).

In our study, tenosynovitis was found more fre-
quently than synovitis. Alsuwaidi et al. (2013; 2016)
included in their study RA patients with a median disease
duration of 5 y. Additionally, the median DAS28-ESR of
participants was 5, which might explain why they found
synovitis more often than tenosynovitis. Suzuki and
Okamoto’s (2013) results were similar to ours.

Table 4. Relations between patients’ demographic and
US data with disease duration

Item
Disease

duration (mo)
t-Test*/

ANOVA† p Value

Patient involvement
No 20.11 ± 8.76 2.467* 0.016
Yes 25.93 ± 9.93

Ankle involvement
No 20.84 ± 8.27 3.401* 0.001
Yes 26.95 ± 11.23

Laterality
No 20.11 ± 8.76 4.521† 0.015
Unilateral 23.78 ± 5.61
Bilateral 29.80 ± 14.50

Side
Neither 20.11 ± 8.76 3.747† 0.016

Right side only 22.14 ± 3.88
Left side only 29.50 ± 7.55
Bilateral 29.80 ± 14.50

Synovitis
No 21.53 ± 8.36 2.221* 0.035
Yes 27.83 ± 13.00

Tenosynovitis
No 21.84 ± 8.93 1.500* 0.136
Yes 24.63 ± 10.98

Tendinosis
No 21.80 ± 8.32 3.473* 0.024
Yes 44.40 ± 14.45

Erosions
No 21.39 ± 7.89 3.194* 0.009
Yes 36.18 ± 15.17

Disease duration according
to individual findings
Synovitis (a) 27.83 ± 13.00 a vs. b: 0.987* 0.328
Tenosynovitis (b) 24.63 ± 10.98 a vs. c: 1.570* 0.126
Erosions (c) 36.18 ± 15.17 a vs. d: 2.365* 0.026
Tendinosis (d) 44.40 ± 14.45 b vs. c: 2.353* 0.023

b vs. d: 2.949* 0.005
c vs. d: 1.038* 0.317

ANOVA = analysis of variance.
* t-Test.
† ANOVA.

Table 5. Relations between patients’ demographic and
US data with disease activity

Item DAS28 t-Test*/ANOVA† p Value

Patient affection
No 2.78 ± 0.25 3.773* 0.001
Yes 3.40 ± 0.84

Ankle affection
No 2.85 ± 0.38 4.359* <0.001
Yes 3.51 ± 0.90

Laterality
No 2.78 ± 0.25 15.00† <0.001
Unilateral 3.15 ± 0.63
Bilateral 3.84 ± 1.02

Side
Neither 2.78 ± 0.25 11.06† <0.001
Right side only 3.26 ± 0.66
Left side only 2.78 ± 0.29
Bilateral 3.84 ± 1.02

Synovitis
No 2.90 ± 0.45 3.921* 0.001
Yes 3.72 ± 0.98

Ankle synovitis
No 2.91 ± 0.46 3.953* 0.001
Yes 3.81 ± 0.99

Subtalar synovitis
No 3.02 ± 0.62 1.656* 0.157
Yes 3.75 ± 1.07

Tenosynovitis
No 2.87 ± 0.38 4.001* <0.001
Yes 3.48 ± 0.92

Tendinosis
No 3.06 ± 0.67 0.250* 0.803
Yes 2.98 ± 0.24

Erosions
No 3.00 ± 0.60 2.020* 0.069
Yes 3.60 ± 0.97

Disease duration according
to individual findings
Synovitis (a) 3.72 ± 0.98 a vs. b: 0.948* 0.347
Tenosynovitis (b) 3.48 ± 0.92 a vs. c: 0.336* 0.739
Erosions (c) 3.60 ± 0.97 a vs. d: 3.206* 0.004
Tendinosis (d) 2.98 ± 0.24 b vs. c: 0.365* 0.716

b vs. d: 2.720* 0.010
c vs. d: 1.990* 0.066

ANOVA = analysis of variance; DAS 28 = 28-joint DiseaseActivity Score.
* t-Test.
† ANOVA.
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The comparison of DAS28-ESR with synovitis and te-
nosynovitis by GS and PD in our study was emphasized by
several studies (Backhaus et al. 2009; Naredo et al. 2008).

A positive association was found between erosion and
disease duration. Ohrndorf et al. (2014), evaluating erosion
with their semiquantitative score, reported that there was
a relation between activity as assessed with the DAS28-
ESR and erosion. The same study found that erosion heals
over time. They did not include the ankle joint or tendons
in their study. Mean disease duration of their patients was
nearly double that of our patients. The use of this new score
could explain their ability to detect healing of erosion
(Ohrndorf et al. 2014). In contrast, Schett and Gravallese
(2012) stated that healing of bone erosion is a rare process.
Moreover, another study found an association between
erosion and disease duration (Wakefield et al. 2000).

Bilateral ankle involvement was observed in pa-
tients with longer disease duration. There is considerable
controversy over symmetry in RA. Certain studies have
found that the dominant side is preferentially affected,
whereas other studies have confirmed that RA is a sym-
metric disease. Disease duration varies widely among these
studies (Guillén Astete et al. 2014; Zangger et al. 2005).
It was clear in our study that there was an obvious rela-
tionship between ankle involvement and disease duration.
This was also emphasized by Filer et al. (2011).

There was a positive relationship between RF posi-
tivity and ankle findings by US in general and tenosynovitis
in particular. These findings were supported by Suzuki et al.
(2009), who stated that there is a positive relationship
between tenosynovitis of the ankle and RF. RF positivity
is known to be associated with extra-articular manifesta-
tions of the disease, which include tenosynovitis (Suzuki
et al. 2009). Backhaus et al. (2009) observed the same
association in their study as well. Our results agree with
previous findings that there is a positive association between
RF and erosion (Backhaus et al. 2009).

In our study, tenosynovitis was found to be an early
sign, followed by synovitis and finally erosion. This agrees
with the findings of Suzuki and Okamoto (2013), who re-
ported that tenosynovitis was recorded earlier than synovitis.

Our study revealed an association between DAS28-
ESR and involvement of the ankle joint or tendons, which
was more significant for tenosynovitis. Although the com-
parison between DAS28-ESR and erosion was not
significant, Ohrndorf et al. (2011) found that synovitis, te-
nosynovitis and erosion were related to DAS. The 7-joint
US score does not include ankle evaluation, which could
explain the difference.

Gutierrez et al. (2016) conducted a study similar to
ours. They included patients with mean disease duration
and DAS-28 ESR comparable to those in our study. Unlike
our study, about one-quarter of their participants were re-
ceiving biological treatment. They excluded patients with
any history of ankle involvement. Although they used the
DAS-28 ESR, they did not observe a clear association
between activity and ankle involvement with US. They did
not arrange ultrasonographic findings in relation to disease
duration. Neither assessment of the talonavicular joint nor
that of erosions was incorporated into their study. Al-
though a multicenter study ensures a larger number of
participants, it has the disadvantage of difficulty in uni-
fying a single examination standard. The most frequent
tendon in their study was tibialis posterior > peroneus
longus > peroneus brevis > tibialis anterior, whereas in our
study, the most frequently affected tendon was tibialis an-
terior > tibialis posterior > extensor hallucis. The difference
between the two studies could be attributed to exclusion
of symptomatic ankles (Gutierrez et al. 2016).

Our study had a number of limitations, one of them
being the exclusion of the Achilles tendon and plantar fascia
evaluation. After review of previous publications, we
found that the Achilles tendon and plantar fascia have
limited value in ankle evaluation, could lengthen the

Table 6. Relations between patients’ demographic and US data with RF positivity

RF positive RF negative χ2-test*/t-test† p Value

Ankle involvement
No 22 (45.8%) 13 (86.7%) 7.717* 0.005
Yes 26 (54.2%) 2 (13.3%)

Erosions
No 41 (85.4%) 14 (93.3%) 0.646*,‡ 0.667
Yes 7 (14.6%) 1 (6.7%)

DAS28
Mean ± SD 3.14 ± 0.73 2.79 ± 0.23 1.817† 0.074
Low disease activity 32 (66.7%) 13 (86.7%) 2.485* 0.289
Moderate disease activity 13 (27.1%) 2 (13.3%)
High disease activity 3 (6.3%) 0

DAS28 = 28-joint Disease Activity Score; RF = rheumatoid factor; SD = standard deviation.
* t-Test.
† ANOVA.
‡ Fisher’s exact test was used instead of the χ2 test.
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examination time and could be more beneficial in sero-
negative spondyloarthropathy assessment (Alsuwaidi et al.
2013; 2016. Another limitation was not using the erosion
score used by Ohrndorf et al. (2014); we used the binary
(0, 1) score instead. Even though the Ohrndorf score could
be more impressive, its application could prolong the ex-
amination time, particularly when both ankles are included.
Likelihood and the visual analogue scale were included
in the DAS28-ESR, and it might be better statistically to
deal with it as a separate entity. Finally, testing foot sen-
sation may be very worthwhile, especially when correlated
with ankle involvement in RA patients.

CONCLUSIONS

Our results suggest that ankle evaluation with US
should be emphasized more in RA assessment. The most
frequent ankle US sign was tenosynovitis, especially of
the tibialis anterior tendon. The earliest US finding was
tenosynovitis, especially for the tibialis posterior. The
DAS28-ESR was significantly related to tenosynovitis and
synovitis. The right ankle exhibited higher and signifi-
cant involvement compared with the left ankle, especially
for tenosynovitis and erosions. Bilaterality and erosion were
related to disease duration, and bilaterality only was related
to disease activity. RF positivity was positively related to
positive US findings in the ankle region, especially tibi-
alis anterior tenosynovitis. All these US parameters should
be considered as cornerstones of any future US ankle score
for RA patients.

Acknowledgments—We thank Professor Dr. Marina Backhaus and Dr.
Sarah Ohrndorf for providing ultrasonography training in the Rheuma-
tology Department of the Charité Universitätsmedizin, Berlin, Germany.
Furthermore, we thank Lisa Pessler, Dr. Frank Pessler and Dr. Tamer
A. Geita for critical reading and editing of the article.

REFERENCES

Alcalde M, D’agostino MA, Bruyn GA, Möller I, Iagnocco A, Wakefield
RJ, Naredo E. A systematic literature review of US definitions, scoring
systems and validity according to the OMERACT filter for tendon
lesion in RA and other inflammatory joint diseases. Rheumatology
2012;51:1246–1260.

Alsuwaidi M, Ehrenstein B, Fleck M, Hartung W. Asymptomatic versus
symptomatic ankle joints in rheumatoid arthritis: A high-resolution
B-mode and power Doppler ultrasound study. Arthritis Care Res 2016;
68:861–864.

Alsuwaidi M, Ehrenstein BP, Fleck M, Hartung W. Ankle joint involve-
ment in rheumatoid arthritis: An ultrasound study using high
resolution-and colour Doppler ultrasound [abstract]. Arthritis Rheum
2013;66(suppl 10):S839.

Backhaus M, Ohrndorf S, Kellner H, Strunk J, Backhaus T, Hartung W,
Sattler H, Albrecht K, Kaufmann J, Becker K. Evaluation of a novel
7-joint ultrasound score in daily rheumatologic practice: A pilot project.
Arthritis Care Res 2009;61:1194–1201.

D’Agostino MA, Conaghan PG, Naredo E, Aegerter P, Iagnocco A,
Freeston JE, Filippucci E, Moller I, Pineda C, Joshua F. The
OMERACT Ultrasound Task Force—advances and priorities. J
Rheumatol 2009;36:1829–1832.

D’Agostino MA, Wakefield RJ, Berner-Hammer H, Vittecoq O, Filippou
G, Balint P, Möller I, Iagnocco A, Naredo E, Østergaard M. Value
of ultrasonography as a marker of early response to abatacept in pa-
tients with rheumatoid arthritis and an inadequate response to
methotrexate: Results from the APPRAISE study. Ann Rheum Dis
2015;75:1763–1769.

Filer A, de Pablo P, Allen G, Nightingale P, Jordan A, Jobanputra P,
Bowman S, Buckley CD, Raza K. Utility of ultrasound joint counts
in the prediction of rheumatoid arthritis in patients with very early
synovitis. Ann Rheum Dis 2011;70:500–507.

Guillén Astete C, Boteanu A, Zea Mendoza A. Comparison of preva-
lence of synovitis by ultrasound assessment in subjects exposed or
not to self-reported physical overexertion: The Monday’s synovi-
tis. ScientificWorldJournal 2014;2014:563981.

Gutierrez M, Pineda C, Salaffi F, Raffeiner B, Cazenave T, Martinez-Nava
GA, Bertolazzi C, Vreju F, Inanc N, Villaman E. Is ankle involve-
ment underestimated in rheumatoid arthritis? Results of a multicenter
ultrasound study. Clin Rheumatol 2016;35:2669–2678.

Hammer HB, Sveinsson M, Kongtorp AK, Kvien TK. A 78-joints
ultrasonographic assessment is associated with clinical assess-
ments and is highly responsive to improvement in a longitudinal study
of patients with rheumatoid arthritis starting adalimumab treat-
ment. Ann Rheum Dis 2010;69:1349–1351.

Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis classifi-
cation criteria. Rheumatology 2012;51:vi5–vi9.

Machado FS, Natour J, Takahashi RD, de Buosi ALP, Furtado RN.
Sonographic assessment of healthy peripheral joints evaluation ac-
cording to demographic parameters. J Ultrasound Med 2014;33:
2087–2098.

Martinoli C. Musculoskeletal ultrasound: Technical guidelines. In-
sights Imaging 2010;1:99–141.

Matricali G, Boonen A, Verduyckt J, Taelman V, Verschueren P, Sileghem
A, Corluy L, Westhovens R. The presence of forefoot problems and
the role of surgery in patients with rheumatoid arthritis. Ann Rheum
Dis 2006;65:1254–1255.

Matsui T, Kuga Y, Kaneko A, Nishino J, Eto Y, Chiba N, Yasuda M,
Saisho K, Shimada K, Tohma S. Disease Activity Score 28 (DAS28)
using C-reactive protein underestimates disease activity and overesti-
mates EULAR response criteria compared with DAS28 using erythrocyte
sedimentation rate in a large observational cohort of rheumatoid arthri-
tis patients in Japan. Ann Rheum Dis 2007;66:1221–1226.

McKie S, O’Connor P. Imaging of the foot and ankle in rheumatoid
arthritis: The foot and ankle in rheumatoid arthritis. Philadelphia:
Churchill Livingstone Elsevier; 2007. p. 99–112.

Naredo E, Rodriguez M, Campos C, Rodríguez-Heredia JM, Medina JA,
Giner E, Martinez O, Toyos FJ, Ruíz T, Ros I. Validity, reproduc-
ibility, and responsiveness of a twelve-joint simplified power Doppler
ultrasonographic assessment of joint inflammation in rheumatoid ar-
thritis. Arthritis Care Res 2008;59:515–522.

Naredo E, Valor L, De la Torre I, Martínez-Barrio J, Hinojosa M,
Aramburu F, Ovalles-Bonilla JG, Hernández D, Montoro M, González
CM. Ultrasound joint inflammation in rheumatoid arthritis in clin-
ical remission: How many and which joints should be assessed?
Arthritis Care Res 2013;65:512–517.

Ohrndorf S, Backhaus M. Advances in sonographic scoring of rheuma-
toid arthritis. Ann Rheum Dis 2013;72:ii69–ii75.

Ohrndorf S, Glimm AM, Burmester G-R, Backhaus M. Musculoskel-
etal ultrasound scoring systems: Assessing disease activity and
therapeutic response in rheumatoid arthritis. Int J Clin Rheumatol
2011;6:57–65.

Ohrndorf S, Halbauer B, Martus P, Reiche B, Backhaus T, Burmester
G, Backhaus M. Detailed joint region analysis of the 7-joint ultra-
sound score: Evaluation of an arthritis patient cohort over one year.
Int J Rheumatol 2013;2013:493848.

Ohrndorf S, Messerschmidt J, Reiche B, Burmester G, Backhaus M. Eval-
uation of a new erosion score by musculoskeletal ultrasound in patients
with rheumatoid arthritis. Clin Rheumatol 2014;33:1255–1262.

Perricone C, Ceccarelli F, Modesti M, Vavala C, Di Franco M, Valesini
G, Iagnocco A. The 6-joint ultrasonographic assessment: A valid,
sensitive-to-change and feasible method for evaluating joint inflam-
mation in RA. Rheumatology 2012;51:866–873.

ARTICLE IN PRESS
US Ankle Evaluation in RA ● A. M. Elsaman et al. 7

http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0010
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0010
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0010
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0010
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0010
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0015
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0015
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0015
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0015
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0020
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0020
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0020
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0020
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0025
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0025
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0025
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0025
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0030
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0030
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0030
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0030
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0035
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0035
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0035
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0035
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0035
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0035
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0040
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0040
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0040
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0040
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0045
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0045
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0045
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0045
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0050
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0050
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0050
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0050
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0055
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0055
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0055
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0055
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0055
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0060
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0060
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0065
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0065
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0065
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0065
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0070
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0070
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0075
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0075
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0075
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0075
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0080
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0080
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0080
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0080
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0080
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0080
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0085
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0085
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0085
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0090
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0090
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0090
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0090
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0090
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0095
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0095
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0095
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0095
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0095
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0100
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0100
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0105
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0105
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0105
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0105
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0110
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0110
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0110
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0110
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0115
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0115
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0115
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0120
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0120
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0120
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0120


Riente L, Delle Sedie A, Iagnocco A, Filippucci E, Meenagh G, Valesini
G, Grassi W, Bombardieri S. Ultrasound imaging for the
rheumatologist: V. Ultrasonography of the ankle and foot. Clin Exp
Rheumatol 2006;24:493–498.

Scheel AK, Hermann KGA, Kahler E, Pasewaldt D, Fritz J, Hamm B,
Brunner E, Müller GA, Burmester GR, Backhaus M. A novel
ultrasonographic synovitis scoring system suitable for analyzing finger
joint inflammation in rheumatoid arthritis. Arthritis Rheum 2005;
52:733–743.

Schett G, Gravallese E. Bone erosion in rheumatoid arthritis: Mecha-
nisms, diagnosis and treatment. Nat Rev Rheumatol 2012;8:656–
864.

Schmidt W, Schmidt H, Schicke B, Gromnica-Ihle E. Standard refer-
ence values for musculoskeletal ultrasonography. Ann Rheum Dis
2004;63:988–994.

Suzuki T, Okamoto A. Ultrasound examination of symptomatic ankles
in shorter-duration rheumatoid arthritis patients often reveals teno-
synovitis. Clin Exp Rheumatol 2013;31:281–284.

Suzuki T, Tohda E, Ishihara K. Power Doppler ultrasonography of symp-
tomatic rheumatoid arthritis ankles revealed a positive association

between tenosynovitis and rheumatoid factor. Mod Rheumatol 2009;
19:235–244.

Wakefield RJ, Gibbon WW, Conaghan PG, O’Connor P, McGonagle
D, Pease C, Green MJ, Veale DJ, Isaacs JD, Emery P. The
value of sonography in the detection of bone erosions in patients
with rheumatoid arthritis. Arthritis Rheum 2000;43:2762–
2770.

Weiss RJ, Wretenberg P, Stark A, Palmblad K, Larsson P, Gröndal L,
Broström E. Gait pattern in rheumatoid arthritis. Gait Posture 2008;
28:229–234.

Wells G, Becker J, Teng J, Dougados M, Schiff M, Smolen J, Aletaha
D, Van Riel P. Validation of the 28-joint Disease Activity Score
(DAS28) and European League Against Rheumatism response
criteria based on C-reactive protein against disease progression in
patients with rheumatoid arthritis, and comparison with the DAS28
based on erythrocyte sedimentation rate. Ann Rheum Dis 2009;68:
954–960.

Zangger P, Keystone EC, Bogoch ER. Asymmetry of small joint in-
volvement in rheumatoid arthritis: Prevalence and tendency towards
symmetry over time. Joint Bone Spine 2005;72:241–247.

ARTICLE IN PRESS
8 Ultrasound in Medicine & Biology Volume ■■, Number ■■, 2017

http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0125
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0125
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0125
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0125
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0130
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0130
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0130
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0130
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0130
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0135
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0135
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0135
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0140
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0140
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0140
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0145
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0145
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0145
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0150
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0150
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0150
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0150
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0155
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0155
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0155
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0155
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0155
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0160
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0160
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0160
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0165
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0170
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0170
http://refhub.elsevier.com/S0301-5629(17)31289-9/sr0170

	 Ankle Evaluation in Active Rheumatoid Arthritis by Ultrasound: A Cross-Sectional Study
	 Introduction
	 Methods
	 Statistical analysis

	 Results
	 Discussion
	 Conclusions
	 Acknowledgments
	 References


