Imaging

Ultrasound imaging for the rheumatologist
XXII. Achilles tendon involvement in spondyloarthritis.
A multi-centre study using high frequency volumetric probe

A. Tagnocco!, L. Riente?, A. Delle Sedie?, E. Filippucci®, F. Salaffi*, G. Meenagh®,
C.A. Sciré’, W. Grassi®, C. Montecucco’, S. Bombardieri?, G. Valesini'

!Cattedra di Reumatologia, “Sapienza”
Universita di Roma, Italy;

Cattedra di Reumatologia, Universita di
Pisa, Pisa, Italy;

3Cattedra di Reumatologia, Universita
Politecnica delle Marche, Jesi, Italy;
‘Department of Rheumatology, Antrim
Hospital, Antrim, United Kingdom;
>Cattedra di Reumatologia, IRCCS
Policlinico S. Matteo, Universita di Pavia,
Pavia, Italy.

Annamaria lagnocco, MD

Lucrezia Riente, MD

Andrea Delle Sedie, MD

Emilio Filippucci, MD

Fausto Salaffi, MD

Gary Meenagh, MD

Carlo Alberto Sciré, MD

Walter Grassi, MD, Professor of
Rheumatology

Carlomaurizio Montecucco, MD,
Professor of Rheumatology

Stefano Bombardieri, MD, Professor of
Rheumatology

Guido Valesini, MD, Professor of
Rheumatology

Please address correspondence and reprint
requests to: Dr Annamaria lagnocco,
Cattedra di Reumatologia,

Dipartimento di Clinica e Terapia Medica,
“Sapienza” Universita di Roma,

Viale del Policlinico 155,

Roma 00161, Italy.

E-mail: annamaria.iagnocco@uniromal .it
Received and accepted on August 20, 2009.
Clin Exp Rheumatol 2009; 27: 547-551.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2009.

Key words: Three-dimensional
ultrasound, enthesitis,
spondyloarthritis.

Competing interests: none declared.

ABSTRACT

Three-dimensional (3D) US is a new
sonographic modality which represents
a promising tool in the assessment of
joint and periarticular tissues abnor-
malities in rheumatic diseases. The
available literature has recently un-
derlined its advantages mainly related
to the virtual operator independence
due to image acquisition of infinite 3D
data sets obtained by transducer auto-
mated sweeping. Shortening of the US
examination time represents another
notable advantage over conventional
two-dimensional (2D) US. The aim of
the present study was to investigate the
validity of 3D US in assessing Achil-
les tendon enthesitis by comparing it
with 2D US. US examinations were
performed by using a Logiq 9 (General
Electrics Medical Systems, Milwaukee,
WI) equipment with a high-frequency
(8-15 MHz) volumetric probe. One
hundred and eighty-six Achilles ten-
don enthesis of 93 SpA patients were
examined. The analysis of each basic
US finding demonstrated from good to
excellent agreement rates between 3D
and 2D US, both in dichotomous as-
sessment of sonographic lesions and
in the use of semi-quantitative grading.
Excellent agreement between the two
modalities was demonstrated in the as-
sessment of both inflammatory changes
and structural lesions. Our study for
the first time demonstrated that 3D US
is a valid imaging modality for the as-
sessment of Achilles tendon enthesitis.

Introduction

Involvement of enthesis is a typical trait
of spondyloarthritis (SpA) and may ap-
pear in different moments during the
course of the disease, often represent-
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ing the first and early manifestation
of it. Enthesitis is characterised by the
presence of inflammatory lesions at the
bony insertion of ligaments, tendons
and joint capsules which can lead to
destructive changes and contemporane-
ous new bone formation (1). Enthesis
are ubiquitously present in the muscu-
loskeletal system and all of them may
be involved in SpA, Achilles tendon en-
thesis representing, however, the most
characteristic and, frequently, the first
site of involvement. In some occasions
it may present as an isolated expression
of SpA, in other cases it can be asymp-
tomatic and underestimated by clinical
examination, thus being detected only
by imaging tools (1). Among them,
musculoskeletal ultrasound (US) has
widely spread in last years and interest-
ing studies have been conducted on its
use and application for evaluating en-
thesis involvement in SpA (1-5). Much
has been written in the last decade, and
some focus on validity and reliability
of US in the assessment of enthesitis
in spondyloarthropathies both by using
grey-scale and power Doppler US has
been developed. US provides accurate
depiction of tendon and bony cortex ab-
normalities at all stages of the disease
process and has a wide range of advan-
tages over other imaging tools mainly
represented by dynamic capabilities,
lack of radiation burden, good reliabil-
ity, reproducibility and relatively low-
cost (6). More recently, three-dimen-
sional (3D) US is emerging as a new
US modality with a number of possible
advantages over conventional sonogra-
phy, mainly represented by the fact that
it requires not particular skill to be per-
formed, can be mastered in very short
time and is not operator-dependent in
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the acquisition process, shifting in the
balance between image acquisition and
interpretation (7).

Since this new imaging modality has
never been used in the evaluation of en-
thesitis in SpA, the aim of the present
study was to investigate the validity of
3D US in assessing Achilles tendon en-
thesitis by comparing it with conven-
tional two-dimensional (2D) US.

Patients and methods

Patients

Ninety-three patients with SpA, fulfill-
ing the European Spondyloarthropathy
Study Group (ESSG) criteria (8) were
included in the present multi-centre
study which has been conducted in 4
Italian rheumatology units: the rheuma-
tology department of the Sapienza Uni-
versity of Rome, the rheumatology de-
partment of the Universita Politecnica
delle Marche, the rheumatology depart-
ment of the University of Pavia and the
rheumatology department of the Univer-
sity of Pisa. Patients’ women/men ratio
was 1.2 (51/42), mean age was 56 years
(range 14-81), mean disease duration
was 7.9 years (range 1-16). Consecutive
patients were included in the study, in-
dependently from clinical involvement
of Achilles tendon enthesis.

This study was conducted in compli-
ance with good clinical practices and
according to local regulations.

US examination

A consensus meeting was convened at
the beginning of the study, previously
to patient enrolment, for the aim of
clarifying the study methodology and
obtaining agreement on scanning pro-
tocol and image interpretation.

In each rheumatology unit, US exami-
nations were independently performed
by a rheumatologist sonographer, expe-
rienced in musculoskeletal US, by us-
ing a Logiq 9 (General Electrics Medi-
cal Systems, Milwaukee, WI) equipped
with a broadband high-frequency (8-15
MHz) volumetric probe. Both grey-
scale and power Doppler setting had
been previously standardized and the
same setting was used in all cases. Fo-
cus was positioned at the level of the
region of interest; grey-scale frequency
was 15 MHz; power Doppler pulse
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repetition frequency was 900 Hz; Dop-
pler frequency was 9.1 MHz; low wall
filters were used. Colour gain was ad-
justed just below the level that caused
the appearance of noise artefacts (9).
Colour box was positioned at the level
of the Achilles tendon enthesis, enlarg-
ing the box to upper part of the image.
The same grey-scale and power Dop-
pler settings were used for both the 2D
and 3D examinations.

Patients were asked to lie prone keep-
ing both feet hanging out the exami-
nation table, in neutral position. In all
cases, bilateral examination of Achilles
tendon enthesis was carried out after
having previously applied gel to the
skin to provide an acoustic interface;
during the examination, attention was
paid on not applying probe pressure on
the anatomical structures under exami-
nation. The same protocol was used for
both the 2D and 3D examinations.

— 2D US examination

All Achilles tendons and enthesis were
scanned in both longitudinal and trans-
verse scans. During the same scanning
session, US was firstly performed in B-
mode modality to detect morphological
changes and immediately afterwards by
using power Doppler technique to de-
tect abnormal vascularization (1). Ac-
cording to recently published Outcome
Measures in Rheumatology Clinical
Trials (OMERACT) preliminary defi-
nitions of enthesopathy, the following
changes were registered (10): tendon
hypoechogenicity at the level of bony
attachment; tendon thickening at the
level of bony attachment; intra-tendi-
nous calcifications; enthesophytes; bony
erosions; bony cortex irregularities;
presence of Doppler signal at the level
of bony attachment; presence of intra-
tendinous Doppler signal. Furthermore,
bursal involvement was registered, as
follows: enlargement of deep calcaneal
bursa; enlargement of superficial cal-
caneal bursa. Finally, both partial and
full-thickness tendon lesions were reg-
istered. Findings had to be confirmed by
2 perpendicular planes. All lesions were
scored on both a dichotomous scale
(present/absent) and a 4 points semi-
quantitative scale (O=absent; 1=mild;
2=moderate; 3=severe).
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— 3D US examination

Immediately after the execution of 2D
US exams, the acquisition of 3D data
sets was obtained placing the volumet-
ric transducer over the area of interest.
The acquisition time of a single 3D data
set ranged from 3 to 6 seconds accord-
ing to the value of the volume angle.
All the 3D data sets were collected and
the stored cubes were blindly assessed
by the same operators after a period of
time which varied from 4 to 6 weeks.
The software displays automatically the
3 main perpendicular planes (longitudi-
nal, transverse and coronal), indicating
the exact point of their intersection (6).
This was particularly useful to confirm
the presence of both tendon and bony
cortex changes at the level of enthesis.
Power Doppler signal was evaluated
using the 3D image reconstruction and
the tomographic US imaging.

Statistical analysis

Agreement between 2D and 3D evalua-
tion was calculated by using kappa-sta-
tistics (unweighted kappa for dichoto-
mous evaluation and linear weighted
kappa for semi-quantitative scoring). A
kappa-value of 0-0.20 was considered
poor, 0.21-0.40 fair, 0.41-0.60 moder-
ate, 0.61-0.80 good and 0.81-1.00 ex-
cellent (12). The MedCalc (Belgium,
version 10.1.2.0) software for Win-
dows XP was used.

Results

One hundred and eighty-six Achilles
tendon enthesis were examined by us-
ing both 2D and 3D US modalities. Re-
sults are shown in Tables I and II where
the kappa values, estimating the agree-
ment between the 2D US and the 3D
US findings, are reported. All changes
were assessed both for presence/ab-
sence and ordinal scale, according to
semi-quantitative grading.

The analysis of each basic US finding
demonstrated from good to excellent
agreement rates between 3D and 2D
US, both in dichotomous assessment
of sonographic lesions and in the use
of semi-quantitative grading (Table I):
comparison of results obtained from
the two modalities showed unweighted
kappa values for the presence/absence
evaluations ranging from 0.733 to
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Table I. Agreement between 3D and 2D US assessment of Achilles tendon enthesis.

US Finding

2D-3D US 2D-3D US
Presence/Absence Semi-quantitative
assessment
Unweighted kappa Weighted kappa

values + standard error  values =+ standard error

Tendon hypoechogenicity

Tendon thickening

Intra-tendinous calcifications

Enthesophytes

Calcaneal bone erosions

Calcaneal bone irregularities

Entheseal power Doppler signal

Intra-tendinous power Doppler signal

Enlargement of deep calcaneal bursa

Enlargement of superficial calcaneal bursa

Tendon lesion

(95% CI)
0.918 £0.030 0.921 +0.057
(0.859-0.978)
0.902 £0.036 0.894 +0.058
(0.831-0.973)
0.898 +£0.035 0.927 +0.063
(0.828-0.967)
0.924 £0.033 0.910 +0.052
(0.858-0.990)
0.866 £0.054 0.860 + 0.060
(0.761-0.972)
0.842 £0.044
(0.756-0.929)
0.883 £0.082 0.935 + 0.060
(0.722-1.044)
0.950 £0.035 0.969 + 0.060
(0.882-1.019)
0.942 +£0.029 0.942 +0.062
(0.886-0.998)
0.733 £0.107 0.762 +0.062
(0.523-0.943)
0.797 £0.202 0.856 +0.063

(0.401-1.193)

Table II. Levels of agreement between 2D and 3D US in the detection of lesions related to

inflammation and structural damage.

2D-3D US 2D-3D US
Presence/Absence Semi-quantitative
assessment
Unweighted kappa Weighted kappa

values + standard
error

values =+ standard
error (95% CI)

Group I lesions

(indicative of Achilles tendon enthesis inflammation)

Group II lesions

(indicative of Achilles tendon enthesis structural damage)

0.847 £0.032 0.920 +£0.046
(0.784-0.911)
0.843 £0.034 0.894 £ 0.047

(0.777-0.910)

0.950 and weighted kappa values for
semi-quantitative assessments ranging
from 0.762 to 0.969.

Further analysis was then conducted,
dividing the US findings in 2 groups,
depending on their correlations either
with inflammation or structural dam-
age: group I included changes indica-
tive of Achilles tendon enthesis inflam-
mation (i.e. tendon hypoechogenicity;
tendon thickening; presence of Doppler
signal at the level of bony attachment;
presence of intra-tendinous Doppler
signal; enlargement of deep calcaneal

bursa; enlargement of superficial calca-
neal bursa); group II comprised findings
indicative of Achilles tendon enthesis
tissue damage (i.e. intra-tendinous cal-
cifications; partial and full-thickness
tendon lesions; enthesophytes; bony
erosions; bony cortex irregularities)
(3). Excellent agreement between 2D
and 3D US in the detection of group I
sonographic findings was demonstrated
obtaining unweighted kappa values =
0.847 for dichotomous evaluation and
weighted kappa values = 0.920 for
semi-quantitative grading (Table II).
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Excellent agreement was also found by
the analysis of results from the two mo-
dalities in the assessment of group I US
changes with unweighted kappa values
=0.843 for presence/absence evaluation
and weighted kappa values = 0.894 for
semi-quantitative assessment (Table II).

Discussion

Enthesitis is a characteristic feature of
SpA and is considered as the primary
lesion in this group of pathologies (13,
14). Particularly, inflammatory involve-
ment of Achilles tendon enthesis is con-
sidered the hallmark of the disease and
currently clinical evidence of heel en-
thesitis is included in the ESSG criteria
(8). However, clinical examination has
a low sensitivity in the detection and
differentiation of joint and periarticu-
lar tissues changes, hence peripheral
enthesitis is frequently mixed up with
other disorders and its presence may
be underestimated in SpA (1). Thus,
imaging tools may play a relevant role
in the assessment of enthesitis. Plain
radiography has been considered the
gold standard for evaluating joint dam-
age in SpA but it has evident limitations
in imaging soft tissues abnormalities.
MRI has a series of advantages which
include its non-invasiveness, multipla-
nar capability and excellent soft tissue
contrast. However, it is expensive, time
consuming and not widely available for
routine use. Sonographic assessment of
enthesitis is more sensitive than physi-
cal examination and validity of US has
been recently tested in more than one
study focused either on the evaluation
of Achilles tendon enthesis or on a
comprehensive assessment of enthesitis
in SpA (1-3, 5). US is widely available,
safe, relatively inexpensive, and can
give much information on peripheral
enthesis abnormalities. OMERACT
definition of enthesopathy has been
recently published and US-detectable
changes indicative of enthesis involve-
ment have been described (10). Sonog-
raphy is, however, weighted down by
a long learning curve that still repre-
sents a barrier to a widespread use of
this tool in the clinical practise and to
wide development of multi-centre re-
search studies. Furthermore, it is still
considered a highly operator-depend-
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ent technique. Main variability in the
sonographic assessment of enthesis
lesions is related to acquisition of US
images, due to inadequate inclination
or positioning of the transducer which
produce interface and/or thickness ar-
tefacts, hence causing possible errors
and misinterpretations, even when US
is performed by experienced operators.
The complex anatomy of enthesis ac-
counts for the emergence of additional
difficulties in the detection of local ab-
normalities in SpA patients.

However, in recent times, technologi-
cal advances have enabled sonographic
exploration of musculoskeletal system
by using high-frequency volumetric
probes (7, 11, 15-17). These kinds of
transducers provide the possibility of
acquiring an infinite number of 2D US
images within a 3D data set which are
generated automatically, during elec-
tronic probe sweeping (18-22). This
new technology proposes to rectify the
operator dependency of US in the ac-
quisition process and sensibly shortens
examination time (7).

However, before promoting the use of
any method, it is essential to demon-
strate its validity and reproducibility.
Recent studies have shown that 3D US
is a valid modality for evaluating joint
tissue changes in inflammatory arthri-
tis and osteoarthritis (18-22). Concord-
ance between independent operators in
the acquisition of 3D US imagery has
been recently tested in the hand joints
of healthy individuals (15). Interest-
ing results have been obtained in this
preliminary study which showed that
previous US experience or skills are
not necessary for obtaining US im-
ages indistinguishable from those of
the experts. For the first time that exer-
cise verified the operator independent
nature of the 3D volumetric probe in
acquiring US images of the metacar-
pophalangeal joints in healthy subjects
(15).

More recently, another interesting
study designed to compare 3D central-
ised reading and 2D US findings indic-
ative of joint involvement in patients
with rheumatoid arthritis (11). The re-
sults indicated that good-to-excellent
agreement rates can be obtained for
both joint inflammation and structural
damage, demonstrating the operator
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independency of 3D US in the image
acquisition process (11).

To the best of our knowledge, this is
the first study designed to compare 2D
and 3D US in the assessment of Achil-
les tendon enthesitis in SpA patients.
The validity of 3D US in the analysis
of single basic findings was investigat-
ed by comparing it with conventional
2D US, both by using grey-scale and
power Doppler sonography. Moreover,
basic changes related to inflammation
and structural damage were assembled
in two groups and separately analysed
(3). Four to six weeks after acquisition,
the same expert operators separately
evaluated 3D US stored cubes of all en-
thesis, thus guaranteeing the blindness
in image reading.

A high number of Achilles tendon en-
thesis were examined in the present
study and the analysis of each basic US
finding both related to inflammation
and structural damage demonstrated
from good to excellent agreement rates
between the two modalities. Similar re-
sults were found both in dichotomous
assessment of sonographic lesions and
in the use of semi-quantitative grading,
confirming the validity of the 3D as-
sessment. Even when investigating the
overall enthesis involvement by sepa-
rate analysis (groups I and II) of results,
excellent agreement between the two
modalities was demonstrated, thus con-
firming the validity of this new US tool
in the assessment of both inflammatory
changes and structural lesions.

The availability of valid and reproduc-
ible imaging modalities to detect and
quantify enthesis inflammation and
damage is necessary for improving as-
sessment of peripheral lesions in SpA
patients and evaluate disease progres-
sion. Our study for the first time dem-
onstrated that 3D US is a valid imaging
modality for the assessment of Achil-
les tendon enthesitis. However, more
studies are warranted focussing on the
evaluation of other peripheral enthesis
and to response to local and systemic
treatment in researches aimed to assess
also responsiveness to change of this
new US tool.

Link

For ultrasound images, go to www.
clinexprheumatol.org/ultrasound
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