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Concise report

Monitoring Achilles enthesitis in ankylosing
spondylitis during TNF-a antagonist therapy: an
ultrasound study
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Abstract

Objective. Enthesitis is considered as the primary anatomical lesion in ankylosing spondylitis (AS).
Therapeutic effects of TNF-a antagonist treatments for enthesitis on imaging changes are still limited to
case reports or small sample-sized trials. We aimed to investigate the potential of ultrasonography (US) to
detect early changes after TNF-o antagonist therapy of Achilles enthesis of AS patients.

Methods. Forty-three AS patients with active disease, requiring TNF-o antagonist therapy, were included.
Physical examination was performed to detect Achilles enthesitis and/or retrocalcaneal bursitis. US of the
Achilles tendon was performed bilaterally. Grey-scale (GS) and power Doppler (PD) scores on a 0-2
semi-quantitative scale and total additive scores (TS) were calculated. Follow-up US examinations were
performed 2 months after the initiation of therapy.

Results. At baseline, 11 patients (26.2%) were symptomatic in physical examination for either Achilles
enthesitis or retrocalcaneal bursitis, whereas 36 (83%) had GS US pathological findings and 10 (23.3%)
had PD signal. GS score and TS decreased significantly [3.6 (3.0) vs 2.3 (2.2), P <0.001 and 4.7 (4.9) vs
2.7 (3.3), P <0.001, respectively], whereas the decrease in PD score was not significant after 2 months of
follow-up. The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), ESR and CRP levels also
showed significant improvements.

Conclusions. Subclinical Achilles enthesitis, detected only with GS US, is present in a subset of AS
patients and a significant improvement can be demonstrated after 2 months of TNF-a antagonist therapy.
In addition to standard outcome measures, US might be an additional useful tool to monitor therapy in
SpA patients with Achilles enthesitis.
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Introduction

Enthesitis is the inflammation of ligaments, tendons or
joint capsules at the point of their insertion into the
bone, and is considered a predominant feature of
SpAs [1, 2]. Disability in SpAs is generally due to spinal
entheseal, new bone formation [3]. Despite its clinical
importance, treatment options for enthesitis are limited.
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Therapy is usually conservative, including NSAIDs, orth-
eses and local steroid injections [4]. TNF-o antagonists
have been tried in refractory cases, but the level of
evidence for their effects on enthesitis, especially docu-
mented by imaging, is limited. There are case presenta-
tions using ultrasonography (US) that report decreased
vascularity by TNF-a antagonists [5] and small sample-
sized trials demonstrating the response of spinal inflam-
mation by MRI [6]. In other studies investigating the
effects of TNF-o antagonists on ankylosing spondylitis,
enthesitis detected by clinical examination also
responded well in subgroup analysis [7, 8].

Physical examination can be inadequate for diagnosing
enthesitis [9, 10], whereas US is a sensitive, non-invasive,
rapid and inexpensive tool for this purpose [9-11]. US has
already been proved to be helpful in monitoring synovitis,
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detecting early changes induced by TNF-o antagonist
therapy in patients with RA [12, 13]. In the present
study, we aimed to investigate the role of US in detecting
early changes and response to TNF-o antagonists of
Achilles enthesis of AS patients.

Methods

Patients

Forty-three AS patients fulfilling Modified 1984 New York
criteria [14] from two university hospital rheumatology
clinics (Marmara University Hospital, Istanbul and
Hacettepe University Hospital, Ankara, Turkey) were
involved in the study. All AS patients had active axial
and/or peripheral involvement and Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) scores >4
which required treatment with TNF-o antagonists in
standard doses (infliximab n=17, etanercept n=17,
adalimumab n=9). Patients with a history of malignancy,
active tuberculosis, women in pregnancy or lactation;
patients who had previous injection or surgical proce-
dures to the Achilles tendon (AT) or were receiving
high-dose steroids (>10 mg prednisolone) were excluded.
Therapies other than TNF-o antagonists were kept stable
during the study period (SSZ 74.4%, MTX 44.2%, predni-
solone 5%). All patients received NSAIDs at the beginning
and continued on demand. Disease activity was assessed
by BASDAI; ESR and CRP level were also recorded. The
physical examination of the each AT and deep retrocalca-
neal bursa was performed by an experienced rheumatol-
ogist, determining both tenderness and swelling.
The study was approved by the Ethical Committee
of Marmara University Medical School and informed
consent was obtained from all patients.

US scanning technique

The US examinations were performed in a darkened room
by two rheumatologists (S.Z.A. and O.K.), one for each
centre, blinded to clinical data and patients’ identity,
using a MylLab 70 (Esaote Biomedica, Genoa, lItaly),
equipped with a broadband 6-18 MHz linear probe.
Power Doppler (PD) settings were standardized with a
pulse repetition frequency of 750Hz, a colour-mode
frequency of 9.1 MHz and low wall filters. The colour
gain was increased to the highest value not generating
PD signals under the bony cortex [15, 16]. The patients
were asked to take a prone position, with the feet hanging
off the examination table in a neutral position for visual-
ization of the AT [17-20]. Bilateral AT US examina-
tions were carried out using a multiplanar scanning
technique. Particular attention was paid not to apply
transducer pressure on the anatomical structures under
examination.

The follow-up US examinations were performed
2 months after starting TNF antagonist therapy by the
same investigators in both centres using the same US
machine, same setting parameters and scanning
technique as the previous one.
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US images interpretation

The OMERACT [21] preliminary definition of enthesopathy
was adopted for detecting US findings indicative of
Achilles enthesitis. As the study is short term and US find-
ings indicating damage like bone profile changes and
calcifications are not expected to change within this
period, only US findings reflecting inflammation were
included in the final scores [17-22]. Semi-quantitative
US assessment was carried out according to a scoring
system recently developed for rating Achilles enthesitis
[23].

The three calculated scores for each patient and used
parameters were:

(i) A PD score indicating vascularity at three levels
(tendon, bursa and enthesis), ranging from 0 to 12
with semi-quantitative scores (per patient).

(i) A GS score: the thickness and hypoechogenicity of
enthesis and tendon, presence of retrocalcaneal
bursitis indicated by effusion, ranging from 0 to 16
with semi-quantitative scores (per patient).

(i) A total score: the sum of PD and GS scores, ranging
from 0 to 28 with semi-quantitative scores (per
patient).

Statistical analysis

The inter-observer agreement for US evaluation of the
AT enthesis was tested on 28 SpA patients prior to the
current study and the results showed good level of agree-
ment (k =0.647). The intra-observer agreement was tested
by re-scoring the stored images by one of the sonogra-
phers (S.Z.A.) in 14 SpA patients and an excellent level
of agreement (k =0.816) was obtained [23].

Sensitivity to change of US scores was estimated
by the smallest detectable difference (SDD). The mean
(dmean) @and s.n. of the paired differences within reader
(intra-reader scores) were calculated. SDD was deter-
mined according to the Bland-Altman 95% limits of agree-
ment method where 95% limits are dmean (1.96 s.D.)
[24, 25].

For comparison of BASDAI, ESR, CRP, GS score, PD
score and total score between the time points, the
Wilcoxon test was used. Patients with or without clinical
enthesitis were compared for GS score, PD score and
total score with the Mann-Whitney U-test. Correlations
of US scores and other disease activity markers were
analysed by Pearson correlation test. Also, the difference
in US scores for three TNF-o antagonist drugs (infliximab,
adalimumab and etanercept) was investigated by
Kruskal-Wallis test followed by Mann-Whitney U-test
within groups. All tests were performed using version
13.0 of SPSS software for Windows (SPSS, Chicago,
IL, USA).

Results

Patients

The mean age of AS patients was 35.4 (12.5) years.
Twenty-six of 43 patients (60.5%) were males. Eleven
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patients (26.2%) had enthesitis or bursitis on clinical
examination. Seventy-six per cent of patients required
TNF-o antagonist therapy for axial disease, 5% for periph-
eral disease and the remaining 19% for both axial and
peripheral disease.

Clinical findings

Baseline and follow-up values of BASDAI, ESR and CRP
are given in Table 1. A significant decrease in clinical and
laboratory findings indicative of inflammation was found 2
months after the beginning of the anti-TNF therapy. Six of
43 patients (14%) had a BASDAI >4 after 2 months. Four
of these patients were receiving etanercept, one adalimu-
mab and one infliximab. Among the 11 patients who ini-
tially had Achilles enthesitis and/or retrocalcaneal bursitis
on clinical examination, four of them had the same phys-
ical examination findings at follow-up.

US findings

At baseline, at least one pathological GS finding was
observed in 83% of patients while in only 23.3% of
patients the PD signal was detected either in enthesis,
tendon or bursa. All GS scores, PD scores and total
scores for AT decreased after the second month following
TNF-o antagonist therapy (Table 1). The decrease in GS
scores and total scores were significant despite a lack of
significance in PD scores. The SDD was 0.9 for GS score,
0 for PD score and 0.9 for TS. The number of patients
whose decrease in US scores was higher than SDD was
24/43 (56%) for GS, 7/43 (16%) for PD and 25/43 (58%).

When the components of US findings indicating
enthesitis were analysed separately, a decrease in hypo-
echogenicity was observed in 18.6% of the tendons and
31.4% of the enthesis. In 25% of patients, the bursal
enlargement also decreased after 2 months of therapy.
However, only in two ATs (2.3%), did the score for the
thickness of the tendon decrease. Seven of 10 patients
(70%) with initial PD signal had a decrease in PD score,
while the PD score of one patient increased and two
remained unchanged after therapy (Fig. 1). The BASDAI
levels of the remaining three patients decreased to a level
<2. The ESR was high (40 mm/h) in one these patients
which also decreased to 11 mm/h with therapy. All three

Table 1 Baseline and follow-up mean values (s.n.) of
clinical and US findings

Scores Baseline Follow-up SDD P-value*

BASDAI 56(1.8) 2(1.4) <0.001
ESR, mm/h  39.5 (25.4) 11.2 (9.1) <0.001
CRP, mg/l 19.4(33.8) 2.6 (5.6) <0.001
GS score 3.6(3.00 2322 09  <0.001
PD score 1024 05(16) O 0.067
Total US 4749 2733 09  <0.001

score

*Before and after treatment comparisons were performed
by Wilcoxon test.
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patients had normal CRP levels before and after
treatment.

Correlation between clinical and US findings

BASDAI, ESR and CRP levels were similar in groups with
or without symptomatic enthesitis or bursitis, whereas the
GS score, PD score and total score were significantly
higher in symptomatic patients [GS score: 6.6 (2.7) vs
2.7 (2.5), P<0.001; PD score: 3.6 (3.6) vs 0.1 (0.4),
P =0.003; total score: 10.2 (5,7) vs 2.8 (2,7), P <0.001].
Follow-up US scores were also significantly higher in
symptomatic than in asymptomatic patients [GS score:
4.7 (1.9) vs 1.4 (1.5), P <0.001; PD score: 1.9 (2.8) vs 0
(0), P=0.076; total score: 6.6 (4.0) vs 1.4 (1.5), P <0.001].
The decrease associated with therapy was not signifi-
cantly different and was dependent on the presence of
clinically detected enthesitis [total score: 3.7 (5.5) in the
symptomatic group vs 1.7 (1.8) in the asymptomatic
group, P=NS].

Reduction in GS score correlated with CRP changes
(Spearman’s r*=0.565, P =0.002), whereas no significant
correlation was observed between GS score reduction
and ESR or BASDAI. PD score reduction correlated with
ESR reduction (12=0.413, P=0.032); however, there
was no relation to other clinical activity markers. The
improvement in TS significantly correlated with improve-
ment in CRP levels (= 0.679, P < 0.001), had a tendency
to correlate with improvement in ESR (=0.367,
P=0.059), but was independent of the changes in
BASDAI (P=-0.121, P=0.52).

Fig 1 AS. Representative sonographic images acquired
in longitudinal scan at baseline (A) and after 2 months of
therapy (B). At follow-up, US examination showed a
clearly evident decrease in PD signal at both AT (t) and
retrocalcaneal bursa (b) levels and the persistence of
PD signal within the bone erosion (e). c: calcaneus.
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Analysing the gender, despite the similar initial BASDAI,
ESR and CRP level, men had significantly higher baseline
GS, PD and total scores [GS of men: 4.73 (2.80) vs
women: 1.94 (2.66), P=0.001; PD of men: 1.46 (2.73) vs
women: 0.35 (1.46), P=0.04; total score of men: 6.19
(4.82) vs women: 2.29 (4.0), P <0.001]. Follow-up GS
and total scores for men were also higher, whereas PD
score was similar for both genders. The differences
gained by treatment in all US scores were also similar
for both genders (data not given).

When three different TNF-o antagonists were analysed
separately, similar response rates were observed in GS,
PD and total scores.

Discussion

Over the last few years, a number of investigations have
been carried out to assess the ability of US to detect
synovial changes induced by TNF-o antagonist therapy
in patients with RA [12, 13, 15]. The sensitivity of change
in US findings indicating enthesitis in SpA was less
studied. Two studies on SpA patients treated with SSZ
were not able to find any difference in 6-12 months,
which may also be due to the ineffectiveness of the ther-
apy [26, 27]. One case report demonstrated the healing
process in Achilles enthesitis with infliximab therapy using
US [5]. To our knowledge, this is the first study aiming to
evaluate the value of US in short-term monitoring of
Achilles enthesitis in AS patients under TNF-o antagonist
therapy.

Although only one-quarter of AS patients in our study
group had clinical enthesitis or bursitis, most of them had
US signs indicating inflammation, which significantly
improved after 2 months of therapy. The reversibility of
US findings by an effective treatment emphasize that ima-
ging can help close monitoring of enthesitis in AS patients
before a clinical response is observed.

Patients with clinical signs of enthesitis or bursitis had
higher GS, PD and TS, whereas their BASDAI, ESR and
CRP level were similar compared with patients without
any clinical findings. In general, BASDAI is used as
a marker of disease activity, and ESR and CRP levels
usually reflect inflammation as well, but none of them
seem to have a concordance with enthesitis in our
study. Only US findings had a high concordance with
enthesitis, suggesting that US might be a major follow-up
method in SpA patients with enthesitis.

Doppler US is a sensitive method for assessing blood
flow and provides a reliable estimation of soft tissue
inflammation [28, 29]. Approximately one-quarter of our
patients had initial PD signal and within this group there
was a response rate of 70% in PD scores after therapy.
However, the number of patients in our group with
positive PD score was possibly insufficient to detect a
significant difference. The good reproducibility of PD in
enthesitis, which our group has previously demonstrated
and the high response rates detected in the current study
indicate that PD can be a promising tool to follow up
enthesitis in clinical trials and needs further research
with a higher number of patients [23].

www.rheumatology.oxfordjournals.org

The prognosis of AS in men is generally worse than in
women [30, 31]. We have also previously observed
that both genders have the same disease activity
(assessed with BASDAI), whereas men have worse radio-
graphic scores as shown by Bath ankylosing spondylitis
Radiology Index and modified Stoke ankylosing spondy-
litis spine score [32]. Similar to this observation, in the
current study, men and women were found to have similar
disease activity but enthesitis scores detected by US in
men were significantly higher. The explanation of a worse
functional and radiographic outcome in men, despite
having similar clinical characteristics and disease activity
markers in AS, may be the effect of an increased preva-
lence of underdiagnosed enthesitis. The current methods
used to assess the disease activity in SpAs mainly aim to
evaluate axial involvement and are not sensitive enough to
determine the extent and severity of the enthesitis and our
findings require further research with the aim of demon-
strating the enthesis of the axial system better.

The main limitation of our study is its open, uncontrolled
design and short follow-up. However, a controlled study
of enthesitis in SpAs is difficult to perform as TNF-o antag-
onists are mainly indicated for axial disease with BASDAI
as the primary outcome. Evaluation of a mixed group of
patients using different TNF-o antagonists can also be
criticized; however, no significant therapeutic differences
are reported in axial or peripheral disease in AS among
different TNFo antagonists.

In conclusion, TNF-o antagonists have been shown to
be effective in decreasing US signs of enthesitis after only
2 months of therapy in AS patients. As BASDAI and acute
phase reactant levels were not discriminative for symp-
tomatic and asymptomatic enthesitis, US might be a
more useful tool to monitor clinical responses
associated with enthesitic features in SpA patients.

Rheumatology key message

e Ultrasound is a useful tool for monitoring the
therapeutic response to TNF antagonists in SpA
patients with Achilles enthesitis.

Disclosure statement: The authors have declared no
conflicts of interest.
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