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“..for some unexplained reason, ultrasonography applied to disorders of
tendons, musculature, soft tissues, and even bones have been largely
ignored by many physicians...”

Donald Resnick
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SUMMARY

Enthesitis is the hallmark of spondyloarthritis (SpA), and is observed in all subtypes.
Wide information on SpA abnormalities, including synovitis, tendinitis and enthesitis,
can be efficiently perceived by Doppler ultrasound. Furthermore, several studies on
imaging of enthesis showed that imaging techniques are better than clinical
examination to detect enthesis alterations; and vascularized enthesitis detected by
Doppler ultrasound appears to be a valuable diagnostic tool to confirm SpA diagnosis.
However, data published until now concerning entheseal elementary alterations that
characterize SpA enthesitis (enthesis inflammatory activity) or enthesopathy
(permanent structural changes) reflect rather the authors’ empiric opinion than a
methodological validation process. In this sense it seems crucial to identify elementary
entheseal lesions associated with activity or damage, in order to improve monitoring
and treatment response in SpA patients. The development of better assessment tools

is today a challenge and a need in SpA.

The first study of this thesis focused on the analysis of the reliability of inter-lector and
inter-ultrasonography equipment of Madrid sonography enthesitis index (MASEI).

Fundamental data for the remaining unrolling project validity.

In the second and third studies we concerned about two entheseal elemental lesions:
erosions and bursa. In literature erosions represent a permanent structural damage,
being useful for monitoring joint injury, disease activity and therapeutic response in
many rheumatic diseases; and to date, this concept has been mostly applied in
rheumatoid arthritis (RA). Unquestionably, erosion is a tissue-related damage and a
structural change. However, the hypothesis that we decided to test was if erosions
represent a permanent structural change that can only grow and worsen over time, as
occurs in RA, or a transitory alteration. A longitudinal study of early SpA patients was
undertaken, and the Achilles enthesis was used as a model. Our results strongly
suggested that previously detected erosions could disappear during the course of the
disease, being consistent with the dynamic behavior of erosion over time. Based on

these striking results it seems reasonable to suggest that the new-bone formation
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process in SpA could be associated with the resolution of cortical entheseal erosion
over time. These results could also be in agreement with the apparent failure of anti-
tumor necrosis factor (TNF) therapies to control bone proliferation in SpA; and with
the relation of TNF-a, Dickkopf-related protein 1 (Dkk-1) and the regulatory molecule
of the Wnt signaling pathway in the bone proliferation in SpA. In the same model, we
then proceeded to study the enthesis bursa. Interestingly, the Outcome Measures in
Rheumatology Clinical Trials (OMERACT) enthesopathy definition does not include
bursa as an elementary entheseal lesion. Nonetheless, bursa was included in 46% of
the enthesis studies in a recently systematic literature review, being in agreement with
the concept of “synovio-entheseal complex” that includes the link between enthesitis
and osteitis in SpA. It has been clarified in recent data that there is not only a close
functional integration of the enthesis with the neighboring bone, but also a connection
between enthesitis and synovitis. Therefore, we tried to assess the prevalence and
relevance of the bursa-synovial lesion in SpA. Our findings showed a significant
increase of Achilles bursa presence and thickness in SpA patients compared to controls
(healthy/mechanical controls and RA controls). These results raise awareness to the

need to improve the enthesopathy ultrasonographic definition.

In the final work of this thesis, we have explored new perspectives, not previously
reported, about construct validity of enthesis ultrasound as a possible activity outcome
in SpA. We performed a longitudinal Achilles enthesis ultrasound study in patients with
early SpA. Achilles ultrasound examinations were performed at baseline, six- and
twelve-month time periods and compared with clinical outcome measures collected at
basal visit. Our results showed that basal erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) are higher in patients with Doppler signal in enthesis, and even
that higher basal ESR, CRP and Ankylosing Spondylitis Disease Activity Score (ASDAS)
predicted a higher Doppler signal (an ultrasound alteration accepted as representative
of inflammation) six months later. Patients with very high disease activity assessed by
ASDAS (>3.5) at baseline had significantly higher Achilles total ultrasound score verified
at the same time; and ASDAS <1.3 predicted no Doppler signal at six and twelve
months. This seems to represent a connection between classical biomarkers and

clinical outcomes associated with SpA activity and Doppler signal, not only at the same
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time, but also for the following months. Remarkably, patients with inactive disease
(ASDAS < 1.3) at baseline had no Doppler signal at six and twelve months. These
findings reinforce the potential use of ultrasound related techniques for disease
progression assessment and prognosis purposes. Intriguingly, Ankylosing Spondylitis
Disease Activity Index (BASDAI) didn’t show significant differences between different
cut-offs concerning ultrasound lesions or Doppler signal, while verified with ASDAS.
These results seem to indicate that ASDAS reflects better than BASDAI what happens

in the enthesis.

The work herein discussed clearly shows the potential utility of ultrasound in enthesis
assessment in SpA patients, and can be important for the development of ultrasound
activity and structural damage scores for diagnosis and monitoring purposes.
Therefore, local promotion of this technique constitutes a medical intervention that is

worth being tested in SpA patients for diagnosis, monitoring and prognosis purposes.
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INTRODUCTION

“Once upon a time in Rheumatology land...”

Ultrasonography is a well-known and widely used method within several medical
specialties, such as cardiology and gynecology, but not in rheumatology. Possibly this is
related with the clinical expertise of senior rheumatologists — accustomed to “old
methods”, not feeling any interest in this revolutionary technique — and the relatively
slow learning process of this imaging method. Initial developments in the field were
led by radiologists. In the ‘70s, ultrasound B-scanning was used in the differentiation of
Baker’s cyst and thrombophlebitis, and in a relatively short period of time was
considered the technique of choice for the detection and assessment of popliteal

2 1n the early ‘80s Tiliakos and coIIeagues3 used ultrasound to identify

cysts.
tophaceous versus rheumatoid nodules, and Aisen and colleagues® provided new
insights about ultrasound use for measuring the articular cartilage thickness in
humans, as well as to detect changes in its surface and internal characteristics. During
that decade several studies were published supporting the role of ultrasound in the
detection of soft tissues changes, enlargement of joint cavity, effusion and synovial
reaction; and in measuring disease activity in RA.>® This research was mainly focused
on large joints because the low frequency transducers that were available at that time
did not allow a careful assessment of small joints. Even so, these data strongly
contributed to the progress of knowledge and to promote a widespread interest in
ultrasound. In 1988 De Flaviis and colleagues’ published the first description of
ultrasound detection of bone erosion in rheumatoid arthritis. In the ‘90s, the dramatic
improvement of spatial resolution, due to the new generation high frequency probes,
opened up new possibilities for the exploration of otherwise undetectable anatomical
details. Ultrasound research during this period was enhanced by the growing use of
color Doppler and power Doppler and by the first prototypes of three dimension
ultrasound. In 1993, Martinoli and colleagues elegantly demonstrated that the internal
network of fine parallel and linear echoes that characterizes tendinous echotexture is
caused by specular reflections at the interface between collagen bundles and

endotendineum septa.’® In the same year, Grassi and colleagues published the first
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study of the metacarpophalangeal joints in patients with RA with a 13 MHz probe.11
Ultrasound was able to detect a wide spectrum of abnormalities including joint cavity
widening, effusion, synovial thickening, bone erosions, loss of definition of the
metacarpal articular cartilage, widening of the flexor tendon sheath, irregularities of
flexor and extensor tendons and tendon rupture. In the following year, Lehtinen and
colleagues clearly demonstrated the potential of ultrasound to provide morphological
information of enthesis, which is unobtainable by a clinical assessment of patients with
SpA.12 Ultrasound demonstrated its pivotal role in giving more detailed information
about the causes of pain at the insertions of tendons; being described a wide range of
sonographic changes, such as edema at the insertion of the tendon, bursitis, focal
intra-tendinous changes and periosteal changes. The late ‘90s and early ‘2000s were
characterized by a constant increase of ultrasound studies focused on its application in
several clinical conditions, such as diagnosis of monarticular symptoms, psoriatic
arthritis, seronegative spondyloarthritis, juvenile rheumatoid arthritis, polymyalgia
rheumatic, osteoarthritis, crystal deposition diseases, enthesitis, preoperative
evaluation of tendons, intra-articular steroid injections, synovial biopsy and therapy
monitoring. Ultrasound was also compared with other well-known imaging techniques.
Wakefield and colleagues in 2000 verified that ultrasound was capable to detect more
erosions that conventional radiography, especially in early RA;* Szkudlarek and
colleagues showed that power Doppler ultrasound is a reliable technique for assessing
inflammatory activity in metacarpophalangeal joints of patients with rheumatoid
arthritis, using dynamic magnetic resonance imaging (MRI) as the standard;'* and
Terslev and colleagues published that estimates of synovial inflammatory activity by
Doppler ultrasound and post-contrast magnetic resonance were comparable.™
Ultrasound has also demonstrated its value in therapy monitoring. In 2002, Hau and
colleagues verified that ultrasound was able to detect a decrease in synovial
vascularization of small fingers joints in RA patients one month after treatment with
TNF blocker,*® while Terslev and colleagues described a significant decrease in synovial
vascularization after intra-articular treatment with glucocorticosteroids in patients
with RA."” Power Doppler ultrasound with an echo contrast agent has also proven to
be a useful tool in distinguishing between inflammatory and non-inflammatory

pannus.’® Several papers have reported that ultrasound is more sensitive than clinical
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examination in the detection of entheseal abnormalities of lower limbs in SpA,19 and
synovitis in RA.?% In the field of guided procedures ultrasound also represented an
enormous progress concerning intra-lesional injections.21 The constant progress in
ultrasound technology allowed amazing improvements in its images, and in the quality
of relevant information that can be achieved. Thus, it is not surprising that ultrasound
has revealed the potential to make a clinically substantial impact in the assessment of
the extra-articular involvement of rheumatic diseases (salivary glands, skin, lung, and

22:26 Despite the growing evidence of the clinical value of ultrasound in

blood vessels).
daily practice, the dissemination of this imaging technique is still limited. It is
predictable that ultrasound has a long way to go, but it will certainly be more relevant

in the near future.

Enthesis: “The synovial-entheseal complex”

The conceptual understanding of enthesis has changed in recent years, with new
developments coming from the integration of anatomical, histological and imaging
data.”’ The term enthesis was firstly defined as the site of attachment of tendon,
ligament, joint capsule or fascia to bone, with the functions of anchorage and stress
dissipation.28 Nowadays it has become clear that enthesis is often more than a focal
attachment, and can form part of an elaborate “enthesis organ” or “synovial-entheseal
complex” that may include functional integration with a synovial membrane.”
Furthermore, there are two types of enthesis, one purely fibrous and the other

containing fibrocartilage in the insertional zone (Figure 1).
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Figure 1. Diagrammatic representation of the two types of enthesis: fibrocartilaginous and fibrous.

Fibrocartilaginous (left) insertions are usually close to an articular margin where tendons or ligaments
(T/L) are “bent” by tensional forces (in the direction of the arrow) during joint movement. This creates a
shearing force at the bone junction, which is resisted by the irregularity of the interface (1) lying between
the zone of calcified fibrocartilage (CF) and the bone (B). The change in “insertional angle” of the T/L
that occurs with joint movement also creates compressional forces that are most prominent in the
deeper part of the enthesis. These are resisted by the zone of uncalcified fibrocartilage (UF), which
gradually dissipates the bending of the collagen fibers away from the bone, with the proteoglycan-rich
matrix promoting compression tolerance. The thickness of the UF zone can vary with changing stress
levels as a functional adaptation to load. In contrast to a fibrocartilaginous enthesis, a tendon or
ligament with a purely fibrous enthesis (right) (e.g., one attaching to the shaft of a long bone) has no
cartilage matrix and its collagen fibers attach to the bone at an oblique angle. It consists purely of dense

fibrous connective tissue (FCT), and the characteristic cell type is the fibroblast.
Adapted from McGonagle D, Marzo-Ortega H, Benjamin M, Emery P. Report on the Second international Enthesitis Workshop.
Arthritis Rheum 2003;48:896-905.

The fibrocartilage of enthesis has a pivotal role in balking shear and compressive
mechanical stress. This is best explained at the Achilles tendon, where the components
of the enthesis organ consist of the enthesis itself, together with periosteal
(fibrocartilage covering the surface of the bone, immediately adjacent to the
osteotendinous junction) and sesamoid fibrocartilages (on the anterior surface of the

tendon), the retrocalcaneal bursa, and the tip of Kager’s fat pad (Figure 2).
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Figure 2. Diagrammatic representation of the synovio-entheseal complex, using the Achilles tendon
enthesis organ to illustrate the concept.

The synovial membrane (SM), which is intimately related to the enthesis itself, lines much of the
retrocalcaneal bursa (RCB), except in the region where the sesamoid fibrocartilage (SF) in the deep part
of the tendon presses against the periosteal fibrocartilage (PF) covering the superior tuberosity.
Macrophages (M) are an integral part of the synovium, and their anatomic proximity to fibrocartilage
adjacent to insertions could contribute to an inflammatory response in relation to degenerative changes
(DC) in the walls of the bursa or at the enthesis itself. Although a young healthy enthesis is probably
avascular, blood vessel invasion (VI) of the enthesis is common in older individuals. The blood vessels
may come from the underlying bone at sites of focal absence of the subchondral bone plate, as

depicted, or they may invade from tissue on the surface of the tendon, including synovium.
Adapted from McGonagle D, Lories RJ, Tan AL, Benjamin M. The concept of a "synovio-entheseal complex" and its implications for
understanding joint inflammation and damage in psoriatic arthritis and beyond. Arthritis Rheum 2007;56:2482-91.

Together, these structures help to dissipate load over a wide area. Thus, although
there is no neighboring synovial joint lined by articular cartilage at this location, the
enthesis is still intimately related with the synovial membrane that covers the tip of
the protruding fat pad. In addition, it should also be remembered that the enthesis
organ is also present at numerous other sites in a close anatomic relationship to
synovial joints, and can play a non-negligible role in pathophysiology damage process
in inflammatory arthritis. For instance, traditional defined concepts, such as the “bare

area” and “cartilage-pannus junction”>°

may be neither essential nor necessary for the
erosive process in RA. Histologic studies have demonstrated that periarticular erosion
formation in RA has a propensity to occur adjacent to ligaments in which bone

31,32

microdamage is common, suggesting that inflammation drives the inherent

propensity for damage to occur at characteristically predisposed sites.
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Given the extent and complexity of enthesis, it is likely that the presence of synovium
and synovial fluid in the retrocalcaneal bursa and bursae, associated with other
attachment site, reflect a physiologic role identical to that in synovial joints. Type A
and type B bursae synoviocytes are likely to be involved in maintaining the rheological
properties of synovial fluid, lubricating and nourishing periosteal and sesamoid
fibrocartilages.”” Although “synovio-entheseal complex” seems to be advantageous in
health, the very fact that a tissue prone to microdamage is closely related with
synovium means that, in fact, the “synovio-entheseal complex” is an enabling
immunologic environment and may be a region that is particularly prone to

inflammation.

Spondyloarthritis: the entheseal disease

Spondyloarthritis describes a group of interrelated rheumatic conditions comprising
ankylosing spondylitis (AS), psoriatic arthritis (PsA), arthritis/spondylitis with
inflammatory bowel disease (IBD) and reactive arthritis. One of the major clinical
problems is, and always has been, the search for proof of sacroiliitis in patients who
present with the typical clinical picture of AS and normal X-ray films of sacroiliac joints.
These patients were classified for years as having undifferentiated SpA or diagnosed
with an alternative rheumatic disorder or even a non-rheumatic condition, such as
mechanical back pain. The observation that many patients with inflammatory back
pain but without sacroiliitis on X-ray films represent the earliest phase of AS and will
develop radiographic changes diagnostic for AS within a period of time, usually
measured in years, has created a platform for the development of the new disease
concept.® It has been demonstrated that the presence of HLA-B27 and/or MRI findings
of active sacroiliac joints inflammation in these patients could, with a significant
degree of accuracy, help to predict which patients will subsequently develop the
classical picture of AS3* This led to the development of the concept of pre-
radiographic AS, which, together with classical AS, formed the basis for the new entity
of axial SpA.* Other SpA with predominant spinal involvement, such as related to

psoriasis or inflammatory bowel disease, and sharing many clinical and imaging
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features with AS can also be classified in the group of axial SpA. Therefore, it has been
suggested that patients with SpA should be distinguished according to their clinical
presentation as patients with predominantly axial SpA or with predominantly

peripheral SpA.36'37

These new concepts not only unifies patients with a similar disease
pattern (an entity that shares clinical, pathological and genetic characteristics),
permitting advanced research, but also provides the opportunity for earlier diagnosis
and better management of patients with pre-radiographic AS and AS-like psoriatic and

inflammatory bowel disease-related arthritis.

The main pathological feature in SpA is the chronic inflammatory involvement of the
enthesis and the adjacent bone,*® which may sometimes be present several years as an
isolated clinical manifestation.*® As previously described, the typical clinical articular
affectation are the sacroiliac joints and spinal inflammation, as well as peripheral
arthritis and enthesitis, often with a nonsymmetrical distribution. Although features of
joint destruction can be dramatic, in particular in some forms of PsA, skeletal damage
in SpA is only partially due to the loss of articular cartilage and bone erosion. In
contrast, new cartilage and bone formation, presenting as ankylosing enthesopathy
and leading to bony spurs, syndesmophytes, enthesophytes and eventually joint or
spine ankylosis, are hallmark signs of this disease. However, the relationship between
enthesitis, new-bone formation and bone erosion in SpA remains poorly understood.
The introduction of targeted therapies, in particular anti-TNF drugs, has met
unprecedented success in the treatment of signs and symptoms of SpA. Some studies
reported the histological and immunohistochemical features of the bone adjacent to
entheseal sites and the actual point of enthesis contact with the bone, where
fibrocartilage is abundant, particularly in the early stages of SpA. In early and
established SpA, human studies showed that the predominant infiltrating cell at the
entheseal fibrocartilage is the macrophages,40 while in the underlying bone is
lymphocytic infiltration.** These facts are in accordance with two pathophysiologic
processes well recognized in SpA: the importance of innate immunity where the
macrophages have a crucial role, and that autoimmunity in SpA might be primarily

40,42

directed against a bone antigen. As macrophages are the main source of TNF, it is

not surprising the apparent good response of enthesitis to biologic blockade with anti-
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TNF.”® Nonetheless, current radiographic relatively short follow-up data suggest that

these drugs do not affect the process of ankylosis.***®

This apparent lack of structural
effect is in sharp contrast to what is seen in the erosive destruction of joints in RA.*
Intriguingly, continuous treatment with nonsteroidal anti-inflammatory drugs, as
compared with on-demand treatment, does appear to influence ankylosis in AS.* It
seems that prostaglandin E2 (PGE2) inhibition may act differently than TNF blockade,
and PGE2 modulation has shown to delay new bone formation in AS. However, one
can remain doubtful whether this effect of PGE2 inhibition truly proofs the link
between inflammation and new bone formation, as PGE2 is an important mediator for
osteoblast differentiation and function, and inhibition of new bone formation may
merely reflect the anti-anabolic effect of PGE2 inhibition, rather than its anti-
inflammatory effect.*” Nevertheless, the pathophysiological SpA process can be seen
as a complex slow waltz between pro-inflammatory molecules and new tissue
formation, with restoration of tissue integrity or tissue remodeling as a final
outcome.” It seems that the development of SpA is dependent on a multi-step process

that leads to chronic or recurrent inflammation, but also to the triggering of new tissue

formation, completely or partially independent of inflammation (Figure 3).%!
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Figure 3. A view on the relationship between inflammation and ankylosis in SpA.

The primary event is considered “entheseal stress”. Biomechanical factors and microdamage are likely
to play roles in this. Entheseal stress leads to triggering of an acute inflammatory reaction and of
progenitor cells. In most instances, the acute events go unnoticed and homeostasis is restored. Under
specific circumstances, the acute events can turn into a chronic situation in which inflammation and/or
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ankylosis are prominent. Different pathways regulate chronic inflammation and new tissue formation,
but these pathways are likely to influence each other. Genetic factors are likely to steer chronic
inflammation and new tissue formation. For the latter aspects, clues may be found in other bone-
forming diseases. ERAP1, endoplasmic reticulum aminopeptidase 1; IBD, inflammatory bowel disease;
IL23R, interleukin-23 receptor; BMP, bone morphogenetic proteins; WNT, wingless type like signaling;
DISH, diffuse idiopathic skeletal hyperostosis; FOP, fibrodysplasia ossificans progressiva.

The degree to which inflammation and the new bone formation are linked remains
conjectural, but data from MRI studies of spinal inflammation support the concept of
such coupling; however, these studies also suggest a role for the involvement of no
inflammatory pathways, such as those involving bone morphogenetic proteins (BMPs),
wingless type like signaling (Wnt) proteins and dickkopf — related protein 1 (DKK-1), in

the formation of new bone (Figure 4).
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Figure 4. Roles of BMPs and WNTs in endochondral bone formation.

(a) Physiological endochondral bone formation is stimulated by BMPs. WNT signaling plays a supportive
role in relation to BMPs. However, some WNTs have a negative effect on early chondrocyte
differentiation. (b) In the presence of inflammation, TNF may stimulate BMP signaling but also the
expression of DKK1, which acts a WNT antagonist. The balance between TNF, BMP and WNT signaling

may determine the onset and progression of ankylosis. DKK, dickkopf.
Adapted from Lories RJ, Luyten FP, de Vlam K. Progress in spondylarthritis. Mechanisms of new bone formation in
spondyloarthritis. Arthritis Res Ther. 2009;11:221.

The “TNF brake” hypothesis was proposed to explain the sequence of events of new

syndesmophytes formation in an established inflammatory lesion (Figure 5).>2
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Figure 5. The “TNF brake” hypothesis.

In well-established (mature) inflammatory lesions, repair pathways leading to new bone formation
activated through BMPs, Wnts and other signaling proteins are held in check by inhibitors, such as
sclerostin and DKK-1; DKK-1 is up regulated by TNF. Although pro-inflammatory cytokines such as TNF
“trigger” the expression of BMP, TNF also up regulates DKK-1; resolution of inflammation by anti-TNF
therapy and the associated reduction in DKK-1 would thereby allow new bone formation to proceed.

This hypothesis was put forward to explain the observation that new syndesmophytes
are more likely to develop at sites were inflammation has been resolved (low TNF, low
DKK-1, high Wnt) as opposed to sites of persistent inflammation (high TNF, high DKK-1,
low Wnt). In a more detailed elaboration of the hypothesis, it was proposed that early
inflammatory lesions are resolved without sequealae, such as new bone, if effective
therapy is instituted and inflammation resolves prior to activation of bone formation
pathways by triggers such as TNF.>®> While complex inflammatory lesions, and the
majority having fat lesions, can also be resolved following anti-TNF therapy, they are
associated with the development of new syndesmophytes. Fat lesions, both
established and newly evolving, are also associated with new bone formation. These
data support a window-of-opportunity concept of disease modification for anti-
inflammatory therapy in SpA, especially if it is used early in the disease course; and a
model of new bone formation that is dependent on the activation of inflammatory

pathways followed by tissue metaplasia that includes fat.
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The extent of inflammatory evolvement in SpA has been changed in the last years.
Currently, the relationship between enthesitis and osteitis is well known. They are
particularly characteristics of SpA, but they can also be a feature of degenerative and
mechanically enthesopathy. For example, in SpA associated plantar fasciitis, the HLA
B27 gene appears to determine the extent and severity of the condition, but not the
susceptibility to osteitis; and 50% of patients with plantar fasciitis have an associated
osteitis, as determined by MRI.>* It is reasonable to consider that osteitis is a feature of
mechanically induced enthesopathy, suggesting common mechanisms of osteitis in
SpA and mechanically induced disease. Furthermore, osteitis adjacent to functional
enthesis (i.e., where there is contact, but no attachment to bone) has been reported in
SpA and mechanically related foot and ankle pain, where MRI studies demonstrated
bone edema in wraparound regions of tendons.>>*° Like true insertions, these sites are
also prone to adjacent periostitis. These observations have important implications for
understanding pathogenesis of SpA, because they reinforce the role of mechanical
stress (shear and compression) as a distinct etiophatogenic factor inducing bone

abnormalities.

Bony spurs are other well recognized lesions in SpA. Although, they also can be a
feature in degenerative, metabolic enthesopathies (e.g., acromegaly), they are
widespread in DISH, in athletes, and occur in healthy individuals not necessarily as
indication of disease.>’ Enthesophytes appear as irregular outgrowths of varying size
that extend from the bone into the tendon or ligament and often develop in parallel
with osteophytes at the periphery of articular cartilage.58 Studies at Achilles tendon
level have demonstrated that bony spurs can developed without the need for
preceding microtears or any inflammatory reaction, and they are formed mainly by
endochondral®® ossification of enthesis. Bony spur formation appears to be initiated by
vascular invasion into the tendon from the underlying bone marrow. The capillaries
migrate along the rows of fibrocartilage cells that have developed by metaplasia from
tendon fibroblasts. Each fibrocartilage cell within a row dies in turn, becomes
reabsorbed, and thus creates space for the invading capillary. Bone is subsequently
deposited along the walls of the tunnels and a spur is formed.® Thus, the potential for

bony spur development continues beyond the growing period, and bone grows into
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the tendons and not vice versa. However, this does not normally happen while the
avascularity of the enthesis fibrocartilage is maintained. Increased loading of tendon is
likely to lead to increased fibrocartilage formation and, simultaneously, to trigger

osteoblast activity at enthesis and bony spur formation.®

A number of known factors may contribute to structural damage and chronicity in SpA.
The cytokines such as TNF play a pivotal role, but other factors should not be
neglected, such as structural properties of HLA-B27; activation of the immune system
by the presence of inflammatory bowel disease or infection; polymorphisms in
cytokines and cytokine processing molecules, that lead to either more severe
inflammation or delayed clearance of inflammation; biomechanical factors that lead to
stress responses or microdamage in the enthesis; and specific genetic factors, not yet

identified and different from those that determine disease susceptibility.

Ultrasound of enthesis — enthesopathy and enthesitis features and

scores

The term "enthesopathy" is usually used to designate entheseal lesions related to any
pathology, including degenerative changes; while the concept of "enthesitis" is used

when entheseal inflammation is prevalent, both occurring in the course of SpA.

The prevalence of enthesitis in SpA is not easy to determine. Firstly, related to the
expected subclinical enthesis involvement in SpA; and secondly connected with the
apparent lack of diagnostic accuracy of the clinical examination, related to the absence
of enthesis visible signs of inflammation. Nonetheless, there are three validated scores
to clinically assess enthesitis in patients with AS: Mander enthesis index (MEI),®
Maastricht Ankylosing Spondylitis enthesitis score (MASES)® and Major;64 and two
validated indices for PsA (Gladman® and Leeds®®). The MEI was published in 1987 and
evaluates 66 enthesis. The high number of enthesis to be accessed per patient, and a
graduation score system established according to the intensity of pain by each enthesis

pressure, makes it particularly difficult to apply in clinical practice.®’ Subsequently the
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index MASES was published, as a simplification of the previous index, that explores 13
enthesis concerning the presence or absence of pain (I and VII costochondral joints, V
lumbar spinous process, Achilles tendon, anterior and superior iliac spine, iliac crest).
The Major index includes 12 enthesis assessments: iliac crests, trochanters, medial and
lateral epicondyles, Achilles and plantar fascia. The Gladman index assesses 8 enthesis:
rotator cuff, anterior tuberosity of the tibia, Achilles and plantar fascia; and the Leeds
index includes 6 enthesis in the evaluation: Achilles, medial femoral condyle and
lateral epicondyle. The exploration is done by exerting sustained pressure with the
fingertips on the enthesis (sufficient to blanch the finger nail of the examiner -
approximately 4 Kg), which makes you lose objectivity while considering the pain

threshold, as it is not the same for each patient.

The OMERACT defines enthesopathy as an “abnormally hypoechoic (loss of normal
fibrillar architecture) and/or thickened tendon or ligament at its bony attachment (may
occasionally contain hyperechoic foci consistent with calcification), seen in 2
perpendicular planes that may exhibit Doppler signal and/or bony changes including

. . . 7
enthesophytes, erosions, or irregularity”.®

This definition has the advantage of focusing on the main characteristic of entheseal
abnormalities, but has the great limitation of not clearly defining the difference
between enthesopathy and enthesitis. Despite previous data concerning the
usefulness of ultrasound in the evaluation of enthesis in the course of SpA, it seems
that the most affected peripheral enthesis are located in the lower limbs® and the

combination of grey-scale with power Doppler increases diagnostic accuracy for SpA.68

In recent years, numerous scoring systems have been developed with great
heterogeneity regarding sites, abnormalities included and evaluation with power
Doppler (Table 1). Also, the prevalence of enthesitis in SpA is variable depending on

entheseal site and diagnostic ultrasound criteria (see Table 1).
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Table 1. Principal scores of enthesis ultrasound examination in spondyloarthritis patients

Score B mode parameters Doppler Description of sites of  Sites Percentage of abnormal Scoring system
and settings parameters and vascularization enthesis on ultrasound in
setting spondyloarthritis
Balint 2002 Thickness, bursitis, NA NA Quadriceps tendon 56% (22% on clinical GUESS score (0 to 36): each item score one point, total possible
Glasgow enthesophytes and enthesis, proximal and examination) — no controls score on both lower limbs is 36.
ultrasound erosions distal patellar ligament, Quadriceps tendon thickness 26.1mm, patellar ligament thickness
enthesitis 7-15 MHz Achilles tendon, plantar (proximal, distal) 24mm, Achilles tendon thickness >5.29mm,

scoring system

(GUESS)19"

D’Agostino
2003

Kiris 2006°°

Thickness, bursitis,
calcification or
periosteal changes,
hypoechogenicity
13 MHz

Bursitis, calcification,
hypoechogenicity,
cortical reactive
changes (cortical

reabsortive changes,

Binary (O or 1)
PRF 0.75KHz, gain
50-53 DB
(constant
temperature of

the room)

Semi-quantitative
(0-3) and a final
sum of each
tendon examined

PRF 0.5-1 KHz,

Cortical bone
insertion, body of the
tendon, bursa,
junction

tendon/enthesis

Tendon/enthesis: no
precision concerning
the exact location of

vascularization

aponeurosis

Bilaterally: great
trochanter, pubis,

quadriceps tendon

enthesis, patellar tendon

(proximal insertion),

Achilles tendon, plantar

aponeurosis, tibialis
anterior tendon
insertion, medial and
lateral epicondyles

I and VII costochondral

joints, V lumbar spinous

process, Achilles tendon,

anterior and superior

iliac spine, iliac crest

38% (14% on clinical
examination) versus 10% for
mechanical back pain and
14% for rheumatoid arthritis

patients

44.8% (51.5% on clinical

examination) — no controls

plantar aponeurosis thickness 24.4mm

Sub score: soft tissue score (thickness and bursitis) and bone
score (erosions and enthesophytes)

stage 1: Vascularization at the cortical junction without abnormal
findings in Grey-scale

stage 2a: Vascularization associated with swelling and/or
decreased echogenicity at the cortical junction in Grey-scale
stage 3a: Same as stage 2a, plus erosions of cortical bone and/or
calcification of enthesis, and optional surrounding bursitis

stage 2b: Abnormal findings in B mode as in stage 2a, but without
vascularization

stage 3b: Abnormal findings in B mode as in stage 3a, but without
vascularization

Cumulative power Doppler score:

grade 0: no flow signal

grade 1: mild flow signal refers to the presence of separate dot
signals or short linear signals

grade 2: moderate flow signal refers to the presence of clearly
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Alcalde 2007
Sonographic
enthesitic

index (SEI)™

Thickness/loss of
thickness, bursitis,
hypoechogenicity,
peritendinous edema,
calcifications, tendon
tears, erosions

7.5 MHz

Quadriceps tendon
enthesis, proximal and
distal patellar ligament,

Achilles tendon, plantar

aponeurosis

30

25% ( 8% on clinical
examination) versus 0%
healthy controls matched for

age

SEI = the total sum of SEI-A (acute injury) and SEI-C (chronic
injury). Maximum SEI scoring is 76 points

SEI-A (0 to 36): each variable is scored as O (absence) or 1
(presence): thickening of tendon/aponeurosis, hypoechogenicity
of tendon/aponeurosis, peritendinous/periaponeurotic edema,
bursitis (where applicable)

SEI-C (0 to 40): each variable is scored as O (absence) or 1
(presence): tendon tear, loss of thickness, tendon calcification,

bone erosion




D’Agostino
20097

Thickness and/or
hypoechogenicity,
calcifications and/or
enthesophytes,
erosions

13MHz

Binary (0-1) and Enthesis insertion into
semi-quantitative  the cortical bone
(0-3)

PRF 0.5 KHz, gain

113 dB, medium

wall filter

Quadriceps tendon NA
enthesis, proximal

patellar ligament,

Achilles tendon, plantar

aponeurosis, lateral

epicondyle

31

Grey-scale: hypoechogenicity/thickness: O to 1,
Calcification/enthesophyte: O to 1, erosion: 0 to 1

Doppler : (0 to 3): 0: no signal, 1: minimal (1 spot), 2: moderate (2
spot), 3: severe (> = 3 spots) or Doppler scored as 0 to 1

(absent/present)




The majority of the authors explored enthesis of the lower limbs. The position of the
examined enthesis, especially for lower limbs, is available in most of the studies.
Authors predominantly used 90° flexion of the feet during examination of Achilles
tendon and plantar fascia, in a neutral position, and 30° to 70° flexion of the knee

during examination of the patella ligament and the quadriceps tendon.

The first score created in 2002 by Balint and colleagues19 is actually the most
employed in studies, probably due to its fast and easy use. The GUESS score (0—36)
analyses enthesopathy of lower limbs (quadriceps, proximal and distal patellar,
Achilles and plantar fascia enthesis) only in B-mode, assessing the thickness of enthesis
and the presence or absence of bony erosion, enthesophytes and bursitis. In particular,
the thickness was measured at the maximum point proximal to the bony insertion and

was defined on the basis of the normal range,74'77

and hypoechogenicity, in contrast to
the OMERACT definition,®” was excluded because it was considered a subjective sign of
enthesitis. This score also has some limitations. First of all, Balint did not employ a
control group and defined the abnormalities based only on normal ultrasound features
and dimensions of the examined structures published in previous studies.”*”’
Secondly, the score was validated only with an intra-reader evaluation (images stored
and re-scored by the same operator) and not by intra- or inter-observer reliability.
Thirdly, GUESS did not included power Doppler evaluation, which is considered to be a
hallmark of enthesitis in SpA.°® However, the GUESS was subsequently employed and
validated by comparison with healthy controls, matched for body mass index (BMl),
age, sex and cardiovascular factors, and with inter-observer evaluations, in other cases

7880 Differently from Balint,' the classifications of D’Agostino and

with good reliability.
colleagues®® and Alcalde and colleagues’® have included calcification in the B-mode
abnormalities, but not enthesophytes. Subsequently, D’Agostino and collegues72
included calcification and enthesophyte in B-mode evaluation. Calcification was
defined as a hyperechoic spot with or without acoustic shadow in the area of the
enthesis insertion, and enthesophyte as an ossification with irregularities of enthesis
cortical bone aspect. Although, particularly in this study, a consensus was reached for

scoring calcification and enthesophyte together as a unique lesion, owing to the

difficulty of differentiating small enthesophytes from calcifications. A comparable
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consensus was reached for scoring increased thickness and hypoechogenicity of
enthesis insertion as a unique feature, arguing that both are signs of acute
inflammation. Meanwhile, De Miguel and colleagues’* and Filippucci and colleagues”
used judgment in their scores. A semi-quantitative score was used regarding the
calcification dimension, but it is not clear or well defined how to distinguish between
the different sizes. Additionally, while Balint® separated abnormalities into soft tissue
(thickness and bursitis) and bone (enthesophytes and erosions), Fillippucci’ grouped
the entheseal lesions in soft tissue inflammation (tendon hypoechogenicity, entheseal
hypoechogenicity, bursal effusion, power Doppler signal at tendon level, at entheseal
level and at bursal level) or tissue damage (intratendineous calcifications, entheseal
calcifications, enthesophytes, bone erosions and bone irregularities), and Sonographic
Enthesitic Index (SEI)”® described acute (thickening, hypoechogenicity, edema of
surrounding structures and bursitis) versus chronic (tear, loss of thickness, calcification
and erosions) alterations. In the same study, Alcalde’® demonstrated that edema, tears
and loss of thickness do not have great frequency or relevance in SpA and are probably
difficult to define because they are not well described and quantified in other studies.
Similarly to GUESS, SEI do not include power Doppler evaluation, with the limitations
that may come. The first score including power Doppler was proposed by D’Agostino.®®
This score presents some difficulties in application because there are too many sites
evaluated. It is not clear if the mix of abnormalities with B-mode and power Doppler is
only descriptive, or if there is a rationale for classification linked to different degrees of
severity. In this study the intra- and inter-observer variability was excellent but it was
calculated on the final score (not for a single defect), and it was not validated in
subsequent studies. Furthermore, power Doppler was considered only as a binary
system (present/absent). The power Doppler signal (similar to B-mode lesions such as
thickness or bursitis) might be important for follow-up purposes, together with other
clinical and serological indices, to guide the choice of drugs and to monitor the efficacy
of treatments. For this reason, semi-quantitative systems of power Doppler scoring

d.%7%73 Kiris and collegues®® made a descriptive and topographic

were propose
classification (presence of separate linear signals - grade 1; discernible vessels involving
less than half enthesis - grade 2; and vessels involving more than half enthesis - grade

3), followed by D’Agostino and colleagues’® with a simplified version, describing only
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the number of power Doppler spots (one - score 1; two - score 2; and 23 signals - score
3). The most attractive part of these methods is to evaluate a total power Doppler
score, calculated by summing the flow signal grades on enthesis, which might be

particularly useful for future clinical trials.

The systematic ultrasound exploration of MASEI is represented in Figure 6.

Plantar Fascia

. Echostructure (0or1)

. Thickness>4.4 mm (0or1)
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. Power-Dopplersignal (0or3)
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. Power-Dopplersignal (00or3)
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Figure 6. Madrid sonography enthesitis index.

Despite these promising results, the use of power Doppler for the management of SpA
has remained less frequent than other innovative imaging techniques such as MRI. This
discrepancy is probably due to the perception that ultrasound remains an unreliable
imaging technique. The operator dependence on ultrasound performance, artefacts of
power Doppler on image acquisition, the optimization of power Doppler dependence

on the type of used device and on settings are some of the given reasons for this fact.
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The validity of enthesis ultrasound involves various aspects, not always clearly defined
in the studies. The discrepancies in methods, the lack of comparison with a gold
standard, such as biopsy, or the lack of evaluation of a real prognostic value of
entheseal lesions detected by ultrasound makes it difficult to compare several studies

efficiently (see table 2).
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Table 2. Validity aspects of enthesis ultrasound studies

Study Face Content validity Concurrent Predictive Construct Reliability Sensitivity Diagnostic value

validity validity validity validity to change

D’Agostino - ++ (GUESS, +calcifications,+PD,- - - + Intra and - + (RA and mechanical back pain)

2003% enthesophytes) inter

Alcalde 2007 - +++ (GUESS, +edema,+tendon tear,+loss of - - - Inter - - (no controls)

(SEN™ thickness)

D’Agostino - ++ (GUESS, +calcifications,+PD,-bursitis) - - - Intra and - - (no controls)

20097 inter

Aydin 2010*" - + (Achilles tendon and enthesis thickness and  + - + Intra* + - (no controls)
hypoechogenicity, PD tendon, enthesis and

bursa )
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De Miguel - ++ (GUESS, +calcifications,+PD,+,-  + + - - - + (inflammatory and non-inflammatory

2011% enthesophytes) controls”)
MASEI

D’Agostino - ++ (GUESS, +calcifications,+PD,-bursitis) + + - = = + (no controls)

2011% Quadriceps tendon enthesis, proximal

patellar ligament, Achilles tendon, plantar
aponeurosis, lateral and medial epicondyle,

gluteus medius tendon

* The inter-observer agreement for US evaluation of the Achilles tendon was tested in a previous study.

# Non-inflammatory controls: healthy persons, non-inflammatory lumbar pain and posterior uveitis unrelated to SpA; inflammatory controls: patients from ESPERANZA project that did not meet SpA diagnostic
criteria.

Face = credibility for measuring what it is supposed to; content = comprehensiveness of all aspects of the attribute to be measured; concurrent = degree to which a measure reflects a gold standard applied at the
same time; predictive = degree to which a measure predicts a future gold standard outcome; construct = consistency with theoretical concepts; reliability = intra- and inter-observer variation to allow reliable
detection of this change; sensitivity to change = variation of the measure over time (e.g., follow-up after treatment); diagnostic value = ability to distinguish between different diseases.

GUESS = Glasgow Ultrasound Enthesitis Scoring System; MASEI = Madrid Sonographic Enthesis Index; PD = Power Doppler; SEl = Sonographic Enthesitic Index; RA = rheumatoid arthritis
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The capability of ultrasound to evaluate enthesitis earlier and better than radiography
is well demonstrated but, until now, there only have been a few studies that have
compared ultrasound with more sensitive imaging techniques, such as MRI®*®*> and
scintigraphy,86 but did not clearly investigate the correlation between B-mode and

power Doppler findings.

The enthesis ultrasound sensitivity to change has been evaluated in SpA patients
treated with anti-TNF drugs. These studies have the limitation for a relative short
period of follow-up, but they showed a reduction of B-mode and power Doppler
enthesis abnormalities, such as morphologic abnormalities (tendon hypoechogenicity

and/or thickening), power Doppler signal, and bursitis.?"#2

On the other hand, the diagnostic value of ultrasound (ability to distinguish between
different diseases) was verified not only by D’Agostino and colleagues,®® who
compared SpA to rheumatoid arthritis and mechanical back pain, but also by De
Miguel and colleagues (MASEI total score > 18 points was the best cut-off point for
differentiation between cases and controls (healthy persons), and demonstrated a
sensitivity, specificity, positive and negative likelihood ratios of 83.3%, 82.8%, 4.8%,
and 0.2%, respectively, for the diagnosis of SpA regardless of the presence of other
clinical manifestations).”* Similar results have been established by the same authors in
early SpA. In a cross sectional, blinded and controlled study with 113 early SpA patients
De Miguel and colleagues achieved for a MASEI total score 2 20 points a likelihood
ratio of 5.3, with a specificity of 89.47% and a sensitivity of 55.75% for SpA diagnosis.*
Additionally, in a two years prospective cohort study with 118 early SpA patients
D’Agostino and colleagues®® demonstrated that the power Doppler ultrasound
detection of at least one vascularized enthesis provided good predictive value for
diagnosing SpA (sensitivity 76.5%, specificity 81.3%, positive likelihood ratio 4.1, OR
14.1;p<0.0001).

As described, the various published ultrasound studies for SpA entheseal assessment,
meet both permanent structural damage and non-permanent entheseal injuries
related with inflammatory disease activity. This fact is in agreement with the increasing

knowledge about entheseal ultrasound study in SpA. However, for its use in daily
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practice, a profound understanding on the behavior of entheseal structural alterations
should be developed. The OMERACT enthesopathy definition includes the main lesions
of the enthesis at bone and enthesis tendon insertion identified by ultrasonography,
and it is now widely cited and accepted in the ultrasound community. Nevertheless,
this definition does not comprehend bursitis as an elementary lesion, or the distinction

between injuries related with entheseal structural damage or inflammatory activity.

Until now published data concerning these entheseal alterations reflect rather the
authors’ empiric opinion than a methodological validation process. Progress in this
study area is one of the main objectives of a reduced number of ultrasound

investigation teams; and | am integrated in one of these groups.
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DETAIL DESCRIPTION

In 2006, the integration into a research group in a reference center for inflammatory
rheumatic diseases - Rheumatology Department of Hospital Universitario La Paz in
Madrid - not only provided me with additional training in the field of musculoskeletal
ultrasound, but also my involvement with a research group in SpA, headed by Prof.
Eugenio de Miguel. Since then, and in partnership with this research group, several
studies have been developed in the musculoskeletal ultrasound area and have been

used to assess inflammatory rheumatic diseases.?’®

The integration into the research group occurred slowly and progressively in a two
steps pathway. Firstly, a structured learning process in what concerns structural lesions
in SpA and systematic entheseal exploration was developed; and secondly, the
validation process to guarantee the entrance in this research team was preceded by

head to head reliability studies with other members of the investigation group.*

Since 2006 longitudinal studies have been developed with more than five years of

follow-up of SpA patients; and several papers have been published.71’83'100'107 Th

e
developed database has been used for different analysis. Clinical, analytical,

radiographic and 2D and 3D ultrasound data are integral part of the records.

The patient sample was selected from individuals attending the Early Spondyloarthritis
Unit (ESU), as part of the ESPERANZA program, a nation-wide health management
program designed to provide excellence in care for early SpA, promoted by the
Rheumatology Spanish Foundation. The referral criteria included: 1) age below 45; 2)
symptom duration between three and 24 months; and 3) at least one of the following:
a) inflammatory low back pain, defined as at least two of the following: insidious
onset, morning stiffness for more than 30 minutes, or clear improvement of the
symptoms with physical activity but not relieved by rest; b) asymmetric arthritis,
preferably of the lower limbs; or c) low back pain or arthralgia and at least one of the
following: psoriasis, inflammatory bowel disease, anterior uveitis, family history of
spondylitis, psoriasis, radiographic sacroiliitis or HLA-B27+ status. Patients will be

classified as SpA according to accepted classification criteria, as follows: 1) ankylosing
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spondylitis if they fulfilled the modified New York criteria; 2) psoriatic arthritis if they
fulfilled the classification criteria for psoriatic arthritis (CASPAR) criteria; 3) SpA
without definitive radiographic sacroiliitis (at least bilateral grade Il or unilateral grade
[11) and undifferentiated SpA if the European Spondylarthropathy Study Group (ESSG)
preliminary criteria for classification of SpA were fulfilled without any other specific
diagnostic criteria; 4) reactive arthritis if the patient fulfilled ESSG criteria or had
arthritis, confirmed by a rheumatologist, with recent evidence of related infection; 5)
arthritis-associated inflammatory bowel disease if IBD was present in a patient with
the New York criteria or ESSG criteria; and 6) anterior uveitis if it had been diagnosed
by an ophthalmologist. The diagnosis of IBD required typical histological findings of
Crohn’s disease or ulcerative colitis. Exclusion criteria included previous history of
ankle surgery, peripheral neuropathy, or corticosteroid injection within the previous 6
weeks in the Achilles tendon. All patients completed the Spanish version of Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis
Functional Index (BASFI) and Bath Ankylosing Spondylitis Radiology Index (BASRI).
Peripheral joint count, entheseal clinical evaluation and analytical data were also
registered on the same day of the visit. The subjects have been followed-up in a
regular scheme with systematic clinical, analytical and imaging records. The controls
were non SpA inflammatory patients and asymptomatic subjects, without any known
medical history of inflammatory or mechanical musculoskeletal disease. They were
selected among hospital workers and friends of patients, all of whom volunteered to

participate after receiving an explanation of the procedure.

The ultrasound protocol was performed using a Logiq 9 (General Electrics Medical
Systems, Milwaukee, WI) equipped with a linear probe at 9-14 MHz and a broadband
high-frequency (8-15 MHz) volumetric probe. Focus was positioned at the level of the
region of interest; grey-scale frequency was 15 MHz; Doppler settings were
standardized with a pulse repetition frequency of 400 Hz, wall filter of 48Hz and color-
mode frequency of 7.5 MHz. The color gain was 36-45 (increased to the highest value
not generating Doppler signals under the bony cortex). The sonographer was blinded

to patients” clinical or therapeutic data and subjects were advised to withhold these
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data from the ultrasound examiner. All acquired images were stored in a digital format

to be subsequently analyzed.

The study of enthesis was conducted according to local regulations and the Declaration
of Helsinki, and local approval was obtained from the ethical committee and
institutional review board of Hospital Universitario La Paz - Madrid. All patients and

controls signed an informed consent.

Nowadays, the development of new technologies that enable the recording of images
in digital format, and their further analysis after acquisition, allowed not only reliability
studies, but also established long distance working partnerships. This was the followed

methodology for 2D and 3D data processing and analysis.

Data collected in this project is expected to contribute for a better understanding of
the behavior of entheseal damage in SpA, identifying new assessment tools for
diagnosis and follow-up purposes, and hopefully providing physician with improved

tools for assessing disease prognosis and response to treatment.
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AIMS

The main objective of this work is to improve the knowledge of SpA entheseal lesions.
Namely, understand the behavior of entheseal erosion and the importance of the
entheseal bursa that could be involved in futures scores of structural damage or
disease activity; analyze the validity of enthesis ultrasound in the quantification of SpA
disease activity and to contribute for enthesitis ultrasound definition, using the Achilles

tendon as a model.

Our specific objectives are:

l. To evaluate if Doppler ultrasound is a reliable method to assess entheseal
structural lesions in SpA in a well-trained observer;

Il. To know whether erosion in SpA represents a persistent structural damage
that can be used for structural damage ultrasound scores, or as a non-
permanent lesion that should be included in future ultrasound disease
activity scores;

Il. To assess the prevalence and the relevance of the bursa-synovial lesions in
SpA;

V. To determine the predictive value of entheseal ultrasound lesions in SpA,
and its relationship with other well-established SpA activity or structural

damage outcome measures.
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RESULTS

In agreement with the Decreto-Lei 388/70, art. 82, the results presented and discussed

in this thesis were published in the following scientific peer-reviewed journals:

Falcao S, De Miguel E, Castillo C, Branco JC, Martin-Mola E. Doppler
ultrasound — a valid and reliable tool to assess spondyloarthritis. Acta
Reumatol Port 2012;37(3):212-7.

de Miguel E*, Falcao S*, Castillo C, Plasencia C, Garcia M, Branco JC, Martin-
Mola E. Enthesis erosion in spondyloarthritis is not a persistent structural
lesion. Ann Rheum Dis 2011;70:2008-10.

(*de Miguel E and Falcao S contributed equally for this work)

Falcao S, de Miguel E, Castillo-Gallego C, Peiteado D, Branco J, Martin Mola
E. Achilles enthesis ultrasound: the importance of the bursa in
spondyloarthritis. Clin Exp Rheumatol 2013;3:422-7.

Falcao S, Castillo-Gallego C, Peiteado D, Branco J, Martin Mola E, de Miguel
E. Can we use enthesis ultrasound as an outcome measure of disease
activity in Spondyloarthritis? A study at Achilles level. Rheumatology
2014;d0i:10.1093/rheumatology/keu399.
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PART I

Doppler ultrasound — a valid and reliable tool to assess spondyloarthritis
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Doppler ultrasound - a valid and reliable

Sandra Falcio®, :Eug«u:iu [e M.igu:'l", Cl:nnq_:\:i.l'.'n Castillo®, [aime i Branco!, Emilio Martin-M&ala®

ABSTRACT

Enthesitis is the hallmark of spondyloarthritis and s
ohserved in all subtypes. Mamely, a wide information
on spondyloarthritis abnormalities, incheding symowvi-
tis, bursitis, lendinitis, enthesitis and contical bone
shnomnalities (erosions and enthesophytes), can be effi-
ciently percetved by ulimsound power Doppler. Fur-
thermore, several studies on imaging of enthesis

showed thal imaging techmiques are heiter than dini-

cal examiration to detect pathology ab asymptomaiic
enthesis. Vasculanizad enthesitis detecied by ultrasound
pawer I:lnl:-p|:|||:r app:arsl.nl:u:ura]mh|:dn;g;|m5lxbn-:|
Lo conlirm spondyloarthritis diagnosis. This artide foo
cuses on the validity and reliabality of uimsound en-
thesitis assessment in the management of spondy-
loarhnitis patients.

Keywords: Ultrasound; Power Doppler; Enthesitis;
Epondyloarthritis

BACKGROUND

There is an increasing inberest among rheumatologists
lar uw=ming, wirsonogrphy (U5) & an investigation and
maragement tool for muesculosheletal disonders'. This
imaging mnd.a]ll:.'hus-n-:ll mﬂynnuml:-u-nhdvar.u.g::.
such 2 low cost, pood accessibality, and ability o dy-
namic real-time assessment of muluple pins in ela-
tively short peniod of time,, but also the ability Lo detecy
ard monilor bone and joint soft tiswe mflammation
and itz stroctural sequealae® 4 growing body al eviden-
e in many rheamatic conditions, such as rheumatod
arthnitis (RA) and ankylosing spondylins (A5}, suggests
that U5 is  high sensive and non-irvasive ool in the

=phmunatology, Feoddeds de Cinces Hédiom da Universidede
Hova da Usbos . Lsbom, Fortugsl
=4 a Fur Unissraily Mospiisl, Afreumatsiogy Unll Heded, Spaim

EBCTA REUMATOL FORT. 20X ATF310.2]17

diatection and monitoring of eardy symontis, bone emo-
sions, tenosynovitis and enthesitis’?, The eardy detec-
tion of infllammatory joint pathologies would idealty
allow clinicians w initiztz relevart thempies in onder
i prevent destruction of bone and joint soft bssoe, and,
subsequenily, imprave morhidity and long-tem out-
come.

Spandyloarthnitis (SpAl is 2 growp of disorders that
are charactenzed by inflammatory imvalvement ol the
enthesis and the adjpcent bone®. Enthesitis & regardad
s Lhe primary lesion and is observed in all SpA subty-
pes, and may sometimes ke present s=veral years as an
isolated clinical manifesiation®®. Encoumging data sug-
pe=st that US enthesis scores could be used as a valid
ool for SpA asessment™ ™.

Chronic inflammatory low back pain and radio-
graphic changes involving the sacroihiac joints zre ey
diagnostic features for AS acconding to the modified
Mew York (MMY) criteria established in 1054, 4l
though the MMY criteria have been widely used in hoth
clinical and res=arch s=ttings the absence of both -
diographic sacmilitis and impaired spinal mabilizy at
early stages of the dis=ase have contributed o a long de-
lay {5-10 years} in AS diagnosis in many patients'. Re-
cently the Amessment of Spondylodrthritis Interna-
tonal Socety (ASAS) developed new dasification cn-
teria for axial SpA that demonstrated muoch better speci-
licity compared to the Ewropean Spondylarthropathy
Stedy Croup (ES50) cntena modilied for Magnetic
Resonance Image (MBI} (sensitivity 5. 1%, specificity
£5. 1% and slightly superior 1o the modified Amar cri-
leria (sersitivity 33 9%, spacficity 77.5%)}". Mever-
theless the sensitivity of ASAS classiliation criteda lor
periphemal SpA was shightly worse compared o the
registered for axial SpA ASAS criteria (77.8% versus
EZ.9%)". Despite thess encournging data, several stu-
die= on imaging of enthesis showed that imaging
techrigues, such os MBI or U5 are supernor to climical
examination, and [requently pathology 2t asympio-
matic enthesis might only be detecied by imaging te-

fchs aFcial b SOCIERADE PORTUGLIESS BE REUMATOLOGIA
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chniques*". Furthermore, 1t has been suggested that tis and cortical bone abnormalities (erosions and en-

ight be superior to MRI lor detecting early signs thesophytes)
[ enthesophathy ™ The Quicome Measures in Rheumnatology Clinica

Despite the promusing results about US examina- Irals (OMER

} delines enthesopathy as an “ab-

the enthests in SpA, further research should be normally hypoechoic (loss of normal libnllar archi-
tecture} and/or thickened tendon or ligament at its

prompl to assess its specific role in diagnosis and fol-
low up of disease course. Thisasticle focuses on the va- boay attachment {may occasionally contain hypere-

lidity and reltability of US enthesitss assessment in the chotc foct consistent with calcification), see
management of SpA patients pendicular planes that may exhibit Dop

and/or bony changes includ nthesophytes, ero-
stons, or trregulanty” (Figure 1), Although grey-scale
VALIDITY OF ULTRASOUND ENTHESITIS US depact enthests structural damage, # seemsthat the
ASSESSMENT IN SPONDYLOARTHRITIS combination with power Doppler increases diagnostic
uracy for SpA. The first description was made by

ac
— x

US provide 2 widely inlormation on SpA abnormali- D’ Agostino and colleagues who demonstrated that US
s, including synovitis, bursitts, tendinoses, enthes:- n grey-scale combined with power Doppler, allowed

FICURE 1. Uknsonographc immages of Achilles enthesopathy: (A) Longitudinal veew: thickemng, Joss of tidnillar pattern, boa
proliferatycn and eroons. (B) Transversal view: loss of Didaillar pasiern and erosions. (C) Longtudinal veew: thickening, loss of
hbrillar pattern, bursa, ernsions and Doppler sigral. (D) Transversal view: loss of Rbrillar pattern, erosions and Doppler sigral
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the detection of abnormal vasculanization at enthesis
insertion inko cortical bone profile in the majority of
Spd patients, but not in mechanical back pain or BA
patients. Thisstudy included 164 SpA pattents and 54
contrals (thirty [our with mechanical back pain and
thirty with BA). Abnormal US findings corsistent with
&t least one enthesitis were ohserved in 78% and 51%
of SpA and controd patients, respactively 115 enthesi-
tis was most commonly distnbuted in the distal por-
vion of the lower limbs, irespective of SpA subtype
and of skeletal distribution of dlinical sympioms, and
nane al abnormal enthesis incontrod patients showed
vasculanzation, compared with 81 % of enthesis in SpA
patients”. Mare recently, the same suthor reposted ina
praspective single-center cohort study with 118 pa-
Lients that power Doppler US detection of at least one
vascularized enthesis provided good prediciive value
lor diagnosing SpA (sensitivily 76.5%, spect[icity
E1.3%, positive likelihood ratio 4.1, OR 14.1,
pe<.0001)8.

In recent years, several LIS scores [or enthesis Spé
strecioral damage assessment have be=en developed .
Balint and colleages developed the CUESS (Glapow
Ultrasound Enthesits Sconng Sysiem). In this index
an enthesitis score is formulated from the detection of
bursitis, strocture thickness, bony erosion, and enthe-
sophyte (bony spur) an US examination of hoth lower
limibs at five entheseal sites (supenor pole and infen-
or pole of patella, tibial wherosity, Achilles 1endon,
and plantar aponeurosis). The authors concluded that
L% is hetter than clinical examination in the deteciion
of enthesits in patients with SpA%. Alcalde and col-
lezgues have tested an index (Sonographic Entheseal
Index - SE1) thal evaluates five entheseal regiors [rom
both lower limbs. Hypoachogenicity, incressed i2ndon
thickness, peritendinows cedema and bursitis were
considered as signs of aoabe imjury (SEI-A); and irser-
tional hone erosions, immtendinous calcimbons, de-
creaned thidenem and tears 2 cheonic lesions (SELC).
Each vanahle was scored in absent [0} or present (1]
and total SF1 was the sum of SEI-A and SE1-C (mao-
mum 76 points). SE1 correlated with lower Shoberk
test, but not with other SpA activity or seveniy pa-
rametersil, Thess studies represent the landmark of US
enthesisattemnpt for structural damage assessment, bat
they did not include power Doppler signal on LS le-
sion evaluation. Based on previous data, power
Dopplersignal & highly sensitive lor detection of small
veszels’!, is significantly correlated with clinical sxam-
ration™, and enables the distinciion between inflam-

matory enthesitis and entheseal ||5u:|r.|.1-|:|:|'|:|url|:1'g,l me-
chanical origin®. In this regand, de Miguel and col-
l=agues elabomated a 134-point US-based sconng, exa-

mining elemental stroctuml damage including power
Dappler signal, in taelve entheseal areas: proximal
plantar fa=cia, distal Achilles tendon, distal and prowi-
mal patellar ligament, disial quadnceps and brachial
triceps terufon. Enthesis thickness, structure, caleifi-
cations‘cortical bone prolifemtion, ercsions., bursa and
power Doppler were scored in comical bone prolile,
tendom, and humsa of 25 SpA patients and 20 healthy
controls. Alter logistic regression analysis of the core of
three of the elementary lesions were overestimated;
calcificatiors {(0-3], Doppler (3 or 3) and ercsion (0 or
31 while sm'nlghutdmﬂudtmsﬁmtmuﬂhr-
sa were classified as 0 or 1 {absence/presence). The es-
tablished L% score ol 2 16 was the best cut-olf point
for dilferenliation belween cases and DJI.'II.rD]S-; and
demonstrated a sensitivity, specificily, positive and ne-
gative likelibood mtios of 83.3%, B2.8%, 4 5%, and
0.2%, respectively, [or the diagnosis of SpA regand less
of the presance of other clinical manifestabons®. Kins
and colleagues svaluated the relationship between
power Doppler US 5pA enthesis assessment and the
Maastricht Ankylosing Spondylitis Enthesis Index.
This stedy illustrated some important points that
should be comsidersd . Fimstly, clinical examination of
enthesis seemed 1o be sersitive, except for Achilles en-
don assessment where the US power Doppler was
sigmilicantly more accurate. Secondly, clinical 2nd so-
nogrzphic results were discordant for three regions of
the thirteen explored enthesis (first costochondral
Joint, seventh costochondral joint and iliac crest)
where tenderness ol enthesis ocowrned withowt ulim.
sanagraphically proven enthesitis. Results were proba-
bly related with the chosen US acoustic window.
Thirdly, in agreement with cther data, pain or tender-
ness of enthests is related to local increased vasculan-
ty emsily detecied by power Dopgler, and thus the va-
ue ol 2 uniform sy=tem for grading enthesitis should
be properly adapied to assess its role in diagnosis and
fallow up of dissase coursa™.

Recent data sugpest that power Doppler US cnalso
be affliciently wsed in diagnosis ol early SpAlR25 Using,
the Madnd sonography enthesitis index (MASE asa
mode] de Migwel and colleagues developed a cross-
sectional, blinded and controdled study incheding 113
early SpA patients. A cut-ofl point of MASE] = 18
achisved a positive likelibood o ol 4.26, s=nsitivi-
ty and speciliaty ol 7.26% and 84.21%, respective-
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Ig, lor SpA diagnaosis. Furthermore, it seems that en-
thesis are early affecied in SpA, and the incidence ol in-
volvement is higher in men and independent of SpA
subbypes, HLA-B27 siatus or presentation patiern
[axial, penipheral or mixed forms)=.

The therapewtic follow uwp of struciuml damage re-
presents anather potential goal for power Doppler U35
u=e in SpA. The introduction of tarpeting therpes, in
particular tumor necrosis factor (THF -alpha blocking
drugs, has seen unprecedented swecess in the treat-
ment of sigrs and symptoms of SpA*, but curnent ra-
diographic [ollow up data suggest that these dmgs do
nol allect the bone proliferation process™. This appa-
rent lack of stroctural siopping ellect is in sharp con-
trast Lo what is szen for the erosive joint destnaclion in
R and represents a differential inding in SpA®. Al-
I.1'|.|:ru.3]1. evidenoe suppoTis the apparent :|r.|r_E|.-1|:5| of
anti-THF drugs on bone [ormation in SpA pathophy-
stalogic process, it seems that other enthaseal abnor-
malities detected by 1S, such = morphologic abnor-
malitiss (kendon hypoechogenicty andior thickeming),
power Doppler signal, and bursitis are resporsive o
these drugs®’. Underying the relevance of knowledgs
on entheseal pathophysiologic events in SpA; and
supparting the challenge of introduce the 115 enthesis
study in 5pA to improve the objeciive knowledge
shout disease activity, streciural permanent damage,
and its relation with present and fubure disegse sssess
ment tools.

RELIABILITY OF ULTRASOUHRD ENTHESITIS
ASSESSHMENT IH SPOHDYLOARTHRITIS

It is a consensual fact that one of the major disadvan-
tages of musculoskeletal US & operator dependency.
The images generated are mainly gualitstive and agres-
ment as io ke reached by different ohservers as 1o the
presence ar ahsence al pathologpcal signs of disesse 1f
guaniilafive measurements ane r-:qulml:l. then intra-
and inter-ohserver emmors become more important. Few
studies have evalusted the overall reliability of US in
rheumatology, most of them have been accomplished
in RA patients or regarded joinl examination®31. Des-
pitz prommising results, prior to the implementation of
L% s a valid method lor detecting and monitoring the
disease process in SpaA patients, relishility msessment
is crucial_

Previous reporis have already studied the intra and
inter-chzerver reliakality in US entheseal study, using

a pragmatic methodology concerning the interpreia-
tion of siatic images* #%_ More recent data have been
published, with valid resuli= on scquisition and inter-
prelation al images uwsing patients® /02
Furthermore, moderate o excellent intra and inter-
ohsarver agreements were found , not only lor most of
the US elementary lesions indicative of enthesopa-
thy2H, but also for the conventional two-dimension
and three-dimensiora] ameszments of entheseal sono-
graphic lesions". Filippwcd and colleagues obizined
m-_l.g]u.ndka.ppn'ﬂluu -'_'d.um.l.lngth'_ inter and intm-
ohserver agreements [or soft tissue inflammation of
0,646 and 0.816, respeciively and for tissue damage of
0.711 and 0501, respecirvely. The levels of agreement
were estimaied using a dichotomouws (presence/absan-
ce) and a semi-gquantitative score sysiem [aor assess-
nm-nf.‘u:lnluuhﬂ'ndmmﬂwum]t 'I.'.I'u:d.m'l.l:r.l.arg,l
Achilles entheseal 15 findings that chamcienzed salt
tisswe inflammation were tendon hypoechogenicity,
tendon thickening, enthes=al hyposchogenicity, bursal
elfusicn and power Doppler signal at i=ndon, enthe-
seal or bursal level. Therefore lesions such as tnim-
tendinesus or entheseal calcifications, enthesophytes,
bone erosions ar hone irregubriies wers consdesed s
tissue damage. This study revealsd a relatively poar
agresment concerming two elementary lesions: bone
irregulanty and entheseal hypoechogenicity, with in-
ter-ohserver unweight kappa values of 0.2 and 0,49,
respeciively Reasons such as the alfection of tendon

hypoechagenicity by anisotropy or the dilliculty 1o
reach a consensus about which bone irregolarities

represent a pathologic siate were pointed by the au-
thors for the relatively low Kappa valwes abtained™.
This study illusirated an important point: lower levels
of agreement genemlly are in the contest af inter-ob-
server image acquisition rather than intra-reader agres-
ment level, which is genemlly more demanding and
examiner-dependent.

Moreaver, when evaluated the level of agreement
between 20 and 30 of Achilles enthesis ersions twa
differert authors achieved excellant kappa values of
0.85 and DA™,

However, 1o tmprove the reliability of U3 0 assess
enthesitis in 5pA more data are needed concerming
evaluaton of inter-machine reliakilitg™. In this regand
we studied pn:upu:tlrdrm hurﬂmd.m'l.dm-ﬂ.‘y-lm
enthesis of nine SpA patients with two US equipmenis:
Acuson-Anizres Siemens (Medical Systems sguip-
ment) with a lineal 5-13 MHz probe {equipment 1;
patienis 108 enthesis) and LOGIOE (GE Helthaare)
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TABLE |. ACREEMEMT BETIWEEH READER 1 AHD 2
HASE] SCORMC USING A LOCIS AHD AH
ACUSON-AMTARES SIEMENS

ImieTpre@tion
of Satic Imapes
(BCC) | O30T pl
Inber-rezder / 5 equipment. 1 097 | 0804099
{n=11 0008
Inker-rezder / LS equipmenl 2 093 | 06T-09E
(=T} P . 04001

TABLE Il. ACREEHEENT BETLLEEH EQUIFHENT 1
AMD 2 OF MASE]l SCORMMGC FERFORMED BY
REAINER 1 AMID 2

InLerpretalion
of Siailc Images
{ICCY | (995 p)
Inier-equipment - reader | 0.77 0.20-0 9%,
(n=7] Pt
Inier-equipmen - reader 2 047 | 0.33- 007
{n=T] o000l

with a lingal §-14 MHz probe (equipment I; 7 patienis
B4 enthesis). The lollowing entheseal sites were exami-
ned |:-:||.a|.r_|aﬂ1,l in lun_g;ll:l.l:hr.nl and trarsversal |:l|:|.r.||'_:
|:lru:-n.1'r.n.1 |:||.a.|:|L=.r fascia, distal Achille tendon, disial
and proximal patellar ligament | distal quad riceps, and
brachial inceps tendons. The obtained tmoges were
punciuated according MASE| score by two sonogra-
phers with diflerers lewels of experience in U5 (an =x-
peri UE rheumatologist lamiliarized with MASE] score
and a rheumatalogist with training on LIS}, Prior 1o the
study consensus rules about enthesis scanming, the
definition ahout abnormal Ardings, and the MASE]
sCOoTe syslem werne achieved. The lectures were blin-
ded 1o clinical data and camisd owt ind=pendently. In-
ter-reader, and inter-L% equipment reliabilay were as-
sessed according o the twooway, mixed-elfect mode]
(absolute agreement) and single-measure intraclass
correlatian coelficients (100s). A Kappa valwe less than
0.20 was considered poor, between 041 and 0.60
moderale, betwesn 0,61 anl:lﬂ.ﬂﬂgl:n:l,m‘ld between
081 and 1 evcellers™. They were determined by SPS5
[version 10.5], and values ol pc0.05 were considered
significant. The inter-reader and inier-eguipment
agreemenis are reporied in Table | and Table 11, res-
pectively. With regand to the inter-equipment reliabi-
||.l:g,l E:Ind Lo excellent resulis wers achieved.

T the best ol pur knoadedge, this was the first stody
io investigabe the inter-aquipment reliability for assess-
ing enthesitis in SpA. The low vanahilty achieved coukd
rellect the impostance ol speaific training, and consen-
sz riles that took place prior the study The two sono-
graphers had dilferent levels of expenience in pedomm-
ing, MASEI scoring system, but they routinely search
lor morphologic and elementary lestors usad in this
soore system in their daily practice. Swch spact wouwhd
passibly make sager the improvement of skills thas they

were already very [amiliar with, and lowered the van-
ability of 2 technique that includes several passible
sources of discrepancy between sonographers, nech as
dudl.nllllm.. -l:l'_bl:l.u:ln. ard 5n|:l1.11.g-nf|.|=u.ur.u. and data
acquisition. [n this sense a standardized model [or
teaching sonographers with different levels of expe-
nience achieves an elfective learming on entheses 1S
In summary, 1% seem o be a valid and reliable ool
even inter-eguipment, o assess enthesitis in SpA.
Mevertheless, its ulimate wility in the core set of SpA
diagnostic criteria and disease monitoring remains

b lhe determined, and prior dinical application, lear-
nlnj_md sinct consensus gu.'l:ld:rﬂ are |'.|:|3,|:||:|r Wir-
ranted.
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Enthesis erosion in spondyloarthritis is not a

persistent structural lesion

Eugenic de Miguel,' Sandra Falcan,? Concapcion Castille,! Chamaida Plasencia,!
Miriamn Garcda,' Jaime C Branco,? Emilio Martin-Mola'

ABSTRACT
Objective o oabuats the abiity of ulrzeound [LE o
dietect the presence and change of Achilles emsions in
spondylarthtis [Sph).
Mathoids A blind prospecties bwo-dimensional [20§
and three-dimersonal |30] LS study of Achiles
enthesis prosions in sy Spi was undertaken. LS
saminaions wers 2t baseline and at & and
13 months of follse-up. Cinical outoomes measunes
weere oollecied,
Resmls Biateml Achiles entheses of B8 patients [35
weomen| wene investigated. The mean Bath Anicglosing
i Disease Activity Index and © reaciive profsin
|CAP) leveds were & 50+ 7 0 and 5971391 mg,
mspectively. The & walues for intarader agreement
fior 20 and 30 images were [.84 and 085 for san
maders. I LIS vissaliced 10 erosions |7.4%] and 30
LS viswunlised 13 ernsions [9.6%| in 10 patients [14.7%).
it B and 17 months of follow-up, 5% and BI% of
bazal erosions had disappearsd, mespectiely and, of
the new erosions that appeared a1 B monthe, 40% had
disappeared B months later. & statistically significant
Doppler signals and the rumber of tender and swollen
joints was found.
Conciesions UE examination of &chiles emsions is
refiable and sensine fo . Mn azeocofon was
found between fAchilles erosions and objective activiey-
bazed mezsmgements of Sph oubcomes.

BACKGROUND

Spondyloarthdos (5ph) & charcerssd by the
mfammasrry tnvolvement of the enthesis.! ¥ In the
Lasr fewr years, severad smudies have provided cede-
vant daz on the advamnmages and walidioy of m=ing
alrasound (L5 m sy enthesis in SpA+#

The Cumome Messores in Ehemasmicgy
Clindeal Trials inckodes erosion in the: definion of
enthesopathy. 'Y Symematic stodies of enchesis by
U% in padenes wich SpA kave demaonsoated arn-
sions and some of thetr characcerisdos ™ ¥ 1

The usefoine=ss of 2scescing ernsions i kongirodi -
mal stodies oo mondor joint injury, disease acchdny
and therapeurc respanses i manmy theamatic dis-
eazes 15 well lmovamn and has mesdy been appited
i theamamid arhoins (RALT 2 However, @mbor-
maton conceming the enchesis is sparse. [ois chere-
fope importane oo emphasise that B4 smosions and
Epi esmhests erosions probably cepresenc a differ-
ent zedopathogenic disease-response mechani=m.

The atms of this sudy were m evaluate the per-
sistence, increase or resoludon of swsion of de
Arhilles enthess in Spd and o suneey the eelizbiling

of owo.dimensional (201 US and the concurmene
validity of Achdlles enthesis erosion 1o the lght of
other Spi QUTDMES Measures.

METHODE
Padents
Stety-eight conseomive non-selected patens with
eachrzape SpA were induoded. Freviously pub.
lished refermal citeda were wsed ¥ = All padents
wene characterised using cthe Spanish version of the
Rath Anloflcsing Spondyiins Cisease Aorviny ndex
[BASDAL, and measmrements employing the Bath
Spondylics Padiclogy Index (RASRI}
and 2 peripheral jant coue were also completed
on the day of the visit (see addidonal data in anline

S scamming promcol
Blind prospectwe 20 and cheee-dimensional (30
115 evaminatons of Achilles enchesis erosions
were perfommed nsing a Logiq & device (Cenemal
Electrics hedical Syseems, Miwaukes, Wisconsin,
with a lnear probe at 8-14 MHz
and a broadband high-fregoency 8-15 MHz wolu.
metric probe. Durng the scanning sessson, U5 was
first perinemed in de B mode u=xing a longinsdinal
and ranswerse scanming cechoique, moving fom
medial oo lateral and prostmal m distal ac the bevel
of the enthesis to detsct marphologicl charges

Follewdng the 100 U5 examiradon, 80 datasers
were chaned by pladng the volumeoic probe
nver the area of tntetest. All imiages were stored in
a digil foomar after the inidal visit and at the &
and 12-moath folow-up wisies (see addinonal dam
in ooline supplement).

In this study we oonsidered erosion as a cond-
al breakage with step-down af =1 mm in depth
and width in both the longitodinal and trarsvemse
axes. The measurement of end ernsion was classt-
fed u=ing 2 dichcenmous scale [presence/abserce)
ind was derermined from the mean valoe of
three consecotive messuremens of the maximal
diamezer obtained in the longinsdiral ard trams-.
werse axes. The presence or absence of a Doppler
sigral in the tendon enthesis or busa was also
recocded.

Al 20 and 30 US images wers amalyssd in a
blirsd armd indeperdent manner by oo readers.
The presence of emosion on the 80} reviston vol.
ume was used as a ‘gold smndacd” (se= coline

supplement)

Ann Rhaore Ois 3011, 707083010 doi-10.1'1 36 wwheumds- 21170052
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Hatnical analysls
For imeer-reader relizbiling, the « ooefficient for ctepooical wad-
ables was used; pvaloes <L using the ¥ test were considened

o be significant

RESINTS

Demographic data

Spury-=ight paienes (35 women) with eachy Spd and 136 Ackilles
tendon entheses were sxamired The mean:SD) ape of the
padens was 32+7 years (mnge 18-45) and the mean disease
evolution dme was 10 months (ange 3-23) Fomy-owa per
cent of the patens with S5pA wepe HLA-BI7.posithve and 31%
bad beel pain at the tnidal visic The means 20 BASDAL Bach
Anloylosing Spondyfios Rmoronal Index and BASK] spine mea-
smements were 4 58+205 (range 0B, 2.37+1.52 {range 07.4)
and 085075 [range 0-3), . The mean =
sedimemraticn rae was 100E3=11 88 mm'h jranpge 1-53.1) and
the mean C reactive protetn (CEF) measaement was 5972591
mg'l (range 0-51}. At baseline all parienes wene being meaced with
roon-seeroddal and-inflammamory drops and sighe padens scamed
mneammere with dassic disege-maodifying andrhewmade dnegs

(walfasalarine or methorexare) during the follow-op pedod.

US daa

In the 136 basal Achilles entheses stodied, 21D US wisualised
L ecostions (7.4%) and 30 US wisualised 13 =eostons (3.6%) 1n
L0 patenes (14.73%). Using 30 US evalmdon as the podd stan-
dard, the sepsioviy af 20 US for the deteriton of an emcsion
was T 92 and the specificoy was 100756, All 10 emosions seen
by 20 US were also confirmed by 30 U5, and 123 Achilles
entheses were repared ta be wirthouat erosions by boch 30 and

beoween XD and 30 imapes was (.84 for ceader 1 and .85 foc
reader 3 (Heome 2}

DISCUESI0N

To the best of our lnorwiedpe, this is the Bt saudy o imeesigare
the sepsidvity o chanpe of US-based techniqees in assessing
Achilles enthesis ernsions. Previous repons have dassified eoo-
sions as ossue damape-relaesd or dhondc lesions ¥ 7 However,
our preliminary daca swonghy sugpest thas previoushy depeced
ernsioes oald disappear during the course of Spd, indicacng
rthat these eTosions are not persisent smuctural changes as is the
case in RA

We were poncemed abour the neltabifing of che damz we
obained Several previous soadies hawve mdicaeed moderae to
good memobserser agreement for 20 US soqusiton and exoel-
lere intrareader agreemens for 20 and 30 U5 snadies of enthesis
erosion.” ' These data are also confiomed by oux resuls.

We were alsn concemed that we might have had 2 fGloe rega-
tiwe o posidve in the basal ar subsequese US sxaminaston One
Emitation of the cument snedy s chat we wwed 300 U5 as 2 goid
sandanl airthoegh the aoepred standand s x-my T However,
berause CT uses radiadion, i is not easy inchded in longimudinal
sudies. We therefore recomded 30 tnages. By -
exzmmining stoosd volumies of 30 eschests tmages e confirmed

Table 1 Associntions between clinical and lsbomtony-based
measurements of basel date of petients with spondyioersiritis end the
presence of absance of Achilles enthesis erosions s exsessed by Siee.
dimension umsound

anus. Ereskan
Smostcally significant differences bereveen the dinical and Abseace meamcSD  Prasesce meamcED  plake
laboratony-based meanmemens of basal dam in the 5pA padens 26F g ISl [FERET] [T
and the presence or sbsence of Achilles enthesis emosions are ESE b otk | FR ] 158= L8 I3
shirwm in table 1. BASOA 456+ 108 41=743 nn
Figare 1 shows the mesulss Fom the 55 padents who com-  BASAI Li5=1EE 11=1K L5
pleted the 12-monch Eollow-up wisie The Bowcham demon. — BASH spim 159174 TxL58 L.z
strates the dynamic stoactural behaviour of enthests erosion in. o0 ER e Ld=D55 —
pacents with Sph over dme 25% and 30% of basal swsions T-El H:h ::::i :::ﬂ E:
bad dissppeared ac § and 12 months of Dllow-up, mepecdvely, o o gen Ld=05 -
and $0%. of the new srostions that appeared afrer & manths of skl
follow.p had disappeaned & mondhs Lec SAEOH B Diuams AN B
The « mrer-reader varabtliny in 20 2nd 30 US of Achdles WI H.; memﬂ
enthesis ercsions was 0LE5 and (1 84 The xinma reader variabding :C polan £55, eyl e
| | 55 Bahilles enmiesn |
| |
L] AT e S R
| Wil 1Pk D |
x"\\ / .
Ty
il 3wt m. e g I drieTae e i
ek, 2k "I*:Il | FE S | ARy
I' e i 1] wevsbey: * l
1 o '1
A, | = | | e
1R s 7 arvcn !
Figere 1  Longiudinal | 2-month evolstion of utmsound study of Achilles enthesis emsion [n=53).
Ao Ao 5 2370, TIEST0E- 2010 dot 10 1136 nrsarnds 2091 20057 fin 1]
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Figure 2 Achlles eosion three-dmensiorsd wew: (A} longitudinel
view; (B) trarsverse view; (C) coromal view. Corfluence of mage in three
dmensons.

the results obaatmed. [t s Mkely chat 3D US & noc as acourate as CT
b 1t seems o be refable and m Smprove operator varabdiny.

A striling finding in the current study was the freguency of
erosicn disappearance. It seems reasonable to suggest thas the
foomacon of new bone tn SpA could be assoctated with ero.
ston cesoluton. Conststent with these findings, previous cesules
ca sptral MEI in SpA showed that new syndesmophytes devel-
oped from tinflammatocy lesions tn spinal vertebral comers teo
faz millration or erostons and progressed to bone sclerosts and
syndesmophyte formaton.*® This result could also be tn agree.
ment with the apparent fatlure of ano-tumour necrosts &ctor
(and-TNF) theraples to conol bone proliferation tn SpA and
with the relatonship between TNFa, Dkk-1 and the Wnz path-
w3y tn bone proliferacion tn SpA ¥ @

The third finding, not previoesly reported, & the signtficant
assoctation between eroston and objectve acttvity ouscomes tn
SpA such as pentpheral jotnt mvolvemnent | iswollen and wnder
couns), biochemical inflammatory markers ((RP) and the pres-
ence of an enthests Doppler signal

In concluston, our results soongly suppor the view that
Achiles tendon enthests ernstan tn SpA s not always 2 persts-
tent strucrural lesion, is reltable and has 2 signtficans assocadon
with other objecive disease activiry OUSTCETES MesLIES.
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Achilles enthesis ultrasound:
the importance of the bursa in spondyloarthritis

S. Falcao', E. de Miguel®, C. Castillo-Gallego®, D. Peiteado?, J. Branco',
E. Martin Mola*

'Rheumatology Department, Faculdade de Ciéncias Méedicas da Universidade Nova de Lisboa,
Lisbon, Portugal; *La Paz University Hospital, Rhewmatology Department, Madrid, Spain.

Abstract
Objectives
This paper alms 1o assess the prevalence and relevance of the bursa-symovial lesion in spondyloarthrisis (SpA ).

Methods
A transversal blind and controlled two-dimensional (2D) and three-dimensional (3D) wtrasownd { US) study of Ackilles
enthesis bursa in early SpA was undertaker. Clinical outcome measares were collected.

Results
Bilaveral Achilles enthests of 66 early SpA pagents (34 women) and 46 control panents (23 asympomanc Aealrky
subjects and 25 rhewmatold arthorins [RA ] panients) were analysed. Mean BASDAI BASFI and BASRI-spine were
4552208, 2.16=] 95 and 0452077, respectively. Mean erythrocyse sedimessarion rate (ESR) was 109321235 mm'k
and C-reactive protein (CRP) was 6.46210.09 mg/l. The x-values for intra-reader agreement for 2D and 31D bmages and
bursa measwement were 082 and 0.98, respectively. Bursas were visualised tn 8¥ 132 SpA exshesis (67 4%) vs. 27146
enthesis (38.7%) of healthy controls (p0.01), and 10046 enthests (21.7%) of RA controls (p<0.0]). When the thicknesses
of the bursas were analysed, the SpA growp had a mean of 1 5221 47 mm versics (0.7620.76 mom in the healrky control growp
(p<0.0001), and 0382062 mww ix the RA contral growp (p<0.0001 ). A pasitive likelihood ratio of 4.6 with a cxs-off potnt
of bursa =2 was found. No Doppler signal was detected in comtrols, but 6.6% of SpA Achilles enthesis had Doppler
barsitis. Heel pain was mare frequent when bursa was present (p<0.05). When Doppler was present, male predominance,
HIA B27 positive, heel pain, and higher number of swollen joints, CRP levels, disease activiry by the patient and
BASDAI questions 2 and 5 achieved stanstical dgnificance (p=<0.01).

Conclusion
The presence of bursa and Doppler signal ar retrocalcaneal bursa level could have a relevant contribution to
differentiase SpA patenss, and were correlated with clinical owtcomes of SpA disease aceivity.
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Introduction

Enthesitis is a distinctive featore of
spoadyloarthngis (SpA) (1) The cen.
tral importance of the enthesis in -
derstanding SpA pathophysiclogy has
remerged in the last decade relating
structural ensheseal damage with in-
fummanos, regiosal  microanatomy
and beomechanics, and iss correlation
with entheseal new bone formation,
and esosion {2-5). Consadenng the car-
dinal role of eadhesis inflammation oo
SpA and e stnking finding that clini-
cal examination lacks senszivity and
specificity, as has been demonstrated
by several studies companng clizscal
evalmtions with Dew imaging tech-
niques such as ultrasound (US) (6.8), ot
1s fundamental to study and define the
elemental lesicns that build the concept
of enthesins.

Over the las few years US has proved
to be a high sexative and non-anvasive
ool in te stody of eachesas. Farther-
move, US elemental lesicas icluded in
enchesis pathology have been descnbed
(9, 109 and consensus about definitions
mitiased.

The importance of eathenitis in SpA 15
growing, since the new Assessment of
the SpoadyloArthntis Society (ASAS)
clasmficason criena for penpheral SpA
includes exchequs xs one of the three
estry ontena (e oer two being ar-
thritss and dactylitis) (11} It is aks0 in-
cluded in the EULAR recommendation
for pronatic athntis mamagemens {12),
which recommends anti-TNF therapy
for patients with active enthesatis and/
or dactylitss and insufficient response to
noo-steroicdal anti-inflammatory drugs
of local steroid injections.

The Oukcome Measures in Rheumatol-
ogy Clizscal Trals (OMERACT) define
eachesopathy as “abmoemally hypoecho.-
ic (loss of normmal &ibnllar archatecture)
andlor thickened tendon or ligament
2 its boay attachment (may occasion-
ally commun hyperechos: foci consistent
with calcification), seen in 2 perpen-
dicular planes that may exhabut Doppler
sagnal andior bony chamges including
enthesophytes, erosions, of imegulanty™
(13) This definition includes the prmci-
pad lesnoms of the enthesis at booe and
enthesis tendon insertson identified by
ultrasonography, and it is now widely

cited and accepted in the US conmmoni.
ty. On the other hand, there are multiple
sudies that added the bursa to the ele-
mentary entheseal lemons consaderad in
e OMERACT enthesopathy definition
(68, 14-16) In fact, bursa was included
m 36% of enthesis stades in a recently
sysematc lzerture review {9), This
= in agreemest with the coacept of
“Synovic-entheseal complex”, whach
mcludes the link between eathesitis and
omtesns in SpA_ It has been clanfied in
recent studies that demonstrage not caly
a close functional integration of the en-
hesis with naaghbounag bose, bat also
e connection between enthesits and
synoviis that occurs (4, 5, 17-19).
Today, the debate is open and the red-
evance of bursa in previous publica-
sons remains sparse, likely because
barsa seems o0 be a nom-specific SpA
entheseal leson, and 5 often mistaken
for sport and overase pathology (20).
Therefore, new insights about the un-
dersandmg of the bursa in the patho-
genic process in SpA could be relevant
m the development of: a) US defizs-
zons, we have OMERACT enthesopa-
ty definition but we are wasting for
enthesitis defimition, and b) US disease
scores with Gagnostic parpose of 10 k5-
sess disease acuvity o damage, and o
mosdior patients’ response oo drugs
The aim of the present study was to use
modimensional (21)), m grey scale
and Doppler, and three-dimenssonal
(3D) US o assess the prevaleace and
redevance of the bursa-synovial lesion
m SpA, msing a5 model the Achilles en-
Bess

Patients and methods

A blind and controlled Achilles enthe-
w5 burmtis US study was performed on
early-stage SpA patients. The study was
condocted 1o Jocal regulations
and the Declaration of Helsnki, and the
ethical commitzee and [RE of cur bospe-

@l granted approval 10 the stody.

Patients

The patient sample was selected con-
secatively from individeals atending
the Early Spoadylcarthmtis Unit, as
part of the ESPERANZA programme,
a maton-wide bealth management peo-
grumme designed to provide excellence
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in care for sary Spondylcandritis pro-
mited by the Ehemmainlogy Spansch
Foundation (213 The referral crteria
included: 1) age bebow 45, 2) symptoms
duratcm between 3 and 24 months, and
B o least ome of the folkvwang: ) in-
Aammanirry bow back pain, defimed as o
least two anwong mesidious onset, mom-
ing stiffness fior more than 30 minmes,
o chear improvement of the sympioms
with physical actrty, but not refseved
by mesi, b) asymmetnc asthrios, peed-
embly of the lower linvhs, or ) low
hack pain or arthralgia and at least one
among peonasis, miflammasory bowel
disease, amenor wveigs, family hasiory
of spomdylitia, peonasis, mdographic
sacroilitis or HLA-BZTs sams The
leet sixty-six comsecutive SpA patients
wepe included. Fatents were classfied
a5 SpA soording 1o aooepied classfi-
cation criena, as follows 1) ankylos-
ing spondyliss (AS), if they fulfilled
the modified Mew York entena {22, 2)
penmiase archriss {PeA ), if they fulfilled
the CASPAR critema (23], 3) non-radi-
ological Spa, if ASAS cribena for clas-
sification of Spa were fulfillsd withont
definitive redographic sacooiligis (11,
243, 4) reacove ahniis (Fed), if the
pasent Fulfillsd ES50 criena or had ar-
thritis, confirmed by o rheumainiogist,
with recent evidence of relaied infiec-
ticn, and 5) artbnins-associated inflam-
masary bomel dissase (AR, if [BD
was present in a patent with the Blew
York oneeria or ASAS SpA crmena
The diagnosis of BED required typical
histodogscal Andings of Crobm's disese
or micerative colitis. Exclusion cnzena
incloded previous history of ankle sor.
gery, penpheral neurogmihy, or corn-
coeernid injecson within the previoos
i weeks at Achilles tendon. All patients
completed the Spanish version of Bath
Aniyiosing Spondylios Disease Activ-
ity mdex {EASDAI} and Bath Anky-
losimg Spondvlins Functional Index
{BASFD; Bath Ankylosing Spondylios
Radiclogy [ndex {BASEI) and periph-
ernl PRt COWRD WeTe S0 reglamered 4N
the same day of the visit

Conirols

Forty-six  sex-matcked  oonbrols (492
Achilles enthesis) were included. Half
of the controls were patents who ful-

filled the Amenican College of Rhes.
maiodogy  (formerdy, the American
Fiheumatism Association) 197 revised
oriteria for rhewmatosd arthrbs (LA}
(25, bt who did moe have advanced
deformimes of the hand and smceher
hall were mmympiomatic healthy sob.
jects. Healiby people wene sslected
arnong Boespatad wiorkers and friends of
patients, oll of whom volunieered io
partscipate after receiving am explana.
tiom of the procedone.

LUiftracound scaening pratocol
Ultmspnography was perfomued by
an expenenced rhesmatologist, ming
a Logig % {Genemal Elecinics bedi-
cal Sysiems, Milwaokee, WI, USA]
equipped with a linear peobe ot 9<14
MHz and 2 broadband high-freqoency
(#=15 MHz) volumeiric probe Poo
cus was poartiomed of the level of the
regon of imterest; Doppler seioings
were sandardised with & pulse repeti-
o frequency of 400 Hr, wall fiker of
iy and colowr-mode frequency of
T5 MHz. The cobour gain was 3645
(increassd oo the highest valoe not
generating Dioppler signals under the
bony comex) (36 Coloor box was
positioned at the bevel of the Achalles
tendon enthess, enlarging the box o
upper pant of the mmage. The sonogra-
pher was blinded in pabents’ clizscal
or thermpewtic data; wnd subjects were
advised 1o withhold these dain with the
LS examumer The patients were asied
o ade o prome position with the fest
hanging o the examanason whis in
neutral position For examanaison of the
Achalles tendon. o oall cases, balaieral
Examanation wis carmied oot after hav.
img previously applied gel o the skin
to provide am soowdic interface; par-
tcular attention was paid on not apply-
ing probe pressure on the anaiomecal
shrucinres mnder examanation (275 The
smme promenl was used for both 20
and 30 examinations.

20 U8 and 30 examimation

[unng the same scanning sessicn, US
was firstly performedin B-nuode muodal -
ity usmg a kengindmal and tansverss
seanming ischmsque oo detedt muorpho-
logacal changes and immediatey afber-
wards by using Doppler tschnique i

access abnormal vascularisation (25).
Inamediately after tee 20 US explom.
&, the soquisition of 30 dats sets was
ohtaimed placing the volemetne probe
owver the area of interest All acquired
mmkges were stored in digeal fomat

Methads of [1F bmape imerpretotion
Presence of retrocalcaneal borsa was
defimed by o grey-scale US asming at
deiscaing barsal enlargement. T'he max-
mmna diameter ohiaimed on longiudinal
and transversy scam was ool lected (39,
The measurement end of bursa was
classified in a dicholomoes scals (pres-
encerabsence) and a cononuous guan-
wintive scale The pressnce or dheence
of Daoppler signal i the cortical bone
profile or bursal area was alsy peonnded
(Fig. 1). To impoove reliability and ac-
CUTaCy & quantitaiive melsarement was
determined in the storage 30 volemes
of 53 porsecutive Spé patients and 23
bealthy controds, the average of three
OO SECUEYe measuremenss of the max-
imiad thickness obtmined in lomgriudizal
and ramsverse ames wis soored.

Samn'rical anafysis

Mean + siandard deviation was used bo
descnibe the demographic chamctens-
oos of patients and ultrasonographec
featares. To compare guanigative and
guliigve vanables of climcal, eo-
chemical amd wloresound dada, e m-
dependent sample f-test and the cba-
sgumired test were used, respectively.
The relinbility anadysiz was performed
maing the kappa oorrelation coefficient
for qualitative presence of burse, and
merac | ess-cormelaton coeficient {FHC)
fior bursa thickness measorement. RICC
curves were med o caleulate sens.
gvity and specaficity m the different
cut-plf points. povalwes of less tham
(LS were oonsidersd oo be statisioally
mgnificant. All dais smalyses were per-
formed with SPES vemsion 115 soft
nare (SPSS, Chicaga, 1L, USA)

Resulis

Temographic dara

Une hundred amd chirty-two Achilles
wendon enthesis of &6 eady SpA pa-
penes (34 female, 32 male) were sond-
el Miean age was 325760 (mnge
15=8) years AMean dieeane evolution
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Fig. I Ulrmacend borma mvassnes 1o spondyloarthntis (SpA | aad contmols. A Scattegnn dobe ds-
ribebos in NpA, Sexlthy controls and riveumistod arthetic (A ) contey groep. B Mean and 95901 o
bura thecknoax 12 SpA, haalthy controls and XA costrmile

time was 10 months (range 3-2Z3). The
sample included three cases of AS, ten
cases of PsA, two cases of AIBD, three
cases of ReA and forty eight cases
fulfilled the son-mdiclogxal ASAS
SpA clasmfication cntena  Forty-five
percent of SpA patients were HLA.
H27 posmitive, and thinty-cae percent
had beel paun Mean (range) BAS-
DAL BASH and BASRI-spine were
4552208 (8H), 2162195 (0-7.4)
and 065077 (03), respectively
Mean erythrocyte sedimentxtion rate
(ESR) was 109521235 mmv'h (range
1-53) and C-reactive protesn (CRP)
was 6.46=1009 mg/l (ange O-51) Az
baseline all patvents were being treat-
ed with asti-inflamsmatory dregs, and
eight began classic disease-modifying
anti-rheumatic drags (DMARD): sul-
fasalanse or mechotrexate. Forty-mx
sex-matched controls were included
Mean DAS 28 (disease activity score)
in RA comtrod groep was 2. T8=1.5

Ultrasound results

Reliabtliry, Unweighted kappa value
for the dichotomous evaluation of in-
tra-reader 2D30 images was 082
The imtra-reader 1CC agreement in
203D quanstative measerements of
US Achilles enthesis borsa was (L98
(9S%CT 0.97-0.99, p(.0001)

Validiry. Barsas were visualised in
SN132 SpA cathens (07.4%) wer-
mes 2746 eothesis (S87T%) of healthy
comerols (pa(.01), and 10044 enthesis
(21.7%) of RA controls (p<£1.01). When
the thacknesses of the bursas were ana-
lysed, the SpA group had a mean Shack.-
ness of 1.52+1 47 mm versws (0262076
mm in the heathy control group
(p<0.0001), and (0 38+0.62 mm in the
RA control groap (0001 ), SpA pa-
uents show a tendency to have more
and higher bursas than coatrol popula.
gom The ROC curve asalyss showed
(0.4% sensmivity and 68.5% spacshoty

when bumsa was =1 mm, and 34% sen-
sitivity and E7% specificity when bursa
was =15 mm. A cut-off of burm »2
mm showed 2 low seaativity of 198%
with a specificity of 978% in frome of
2e overall group, and a semssivity of
19.89% and a speaficity of 95.7% with a
posmtive likeldood rato of 4.6 i froat
of healthy controls. Figure 2 shows ol
sasound bursa measurements 1n Achid
les enthesis of contral groups and SpA
patients No Doppler agmal was de-
teciad in any bursa of control patients,
bt 6.6% of SpA Achilles enthesis had
Doppler barats.

The comrelation between bursas >2mm
and gquamtiative measures are shown
m Table | Cxher gualimtive vanables
as HLA B27, sex, beel pain, showed
as bursa »2 were move frequent in men
(p0L01). Heal pain was more {rogeent
when bursa was present (p<10.035), and
mean burm Sheckness was 1962124
mm am SpA patients with heel pain com-
pared with 1.31=062 mum m SpA pa-
Senes without heed pain (p<.05). When
Doppler was presest, male pradoms-
nance, HLA B27 and heel pun achieved
satistical significance (pa0 (1)

Discussion

The purpose of this study was to de-
termuzne whether the US recogmation of
bersa affectation on eathesis coudd be
relevant as elemental leon 1n the con-
cepe of excheseal damage and enchess-
os definibon in SpA. While the link
between enchemtis and osteins i SpA
has been clanfied (= recent studies that
demonstrate 2 close functional integra-
oon of the enthesis with the neighbour-
mg bone (3), the commection between
enthesitis and bursal-synovitis remains
a subgect of debate (4) OMERACT's
enthesopechy defimition does =k m-
clude bursz affectatom as peewiously
menonad in the intsoduction. The
guality of dagacstic tests used for the
care of patents s not padged caly by
Seir analytcal chanactenstics, bat
manly for their ability to distinguish
between altemative staces of bealth.
For the bursa US 1o be 2sed 1n routine
medical practice, this diagnostic test
st redoce enceruaty towards a spe-
cific dagnosis and contnbates to accs-
nee thempeutsc decision making



Droyppber wlEracaviing did sposdyloarthrits /5. Faledo o &l

Tabde 1. Correlalion Dsisees birss thicknest s Dopples preesc: in o widy demo-
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Crar stady tries 60 assess the prevalence
and relevance of the bama-synovial le-
sion m SpA wming the Achilles enthe-
515 a5 2 moded. In this sense, simalar oo
previoms data, cor findings demonstraie
that retrocadeaneal berss can be detect-
ahle by US in normal subjects (240, 30
Howeyver, this stedy shows 2 @ gnaficane
increase of Ackdlles bursa presence and
thickness in SpA pabienis compared o
comtrods (healthy'mechanical controds
and RA controds). Purthermore, when
bursa’s thickness was messored, our
resulis showed an increase in SpA pa-
tienis with stavistcal s gmificant difer-
emces. A cut-off poamt of bersa =2
had a posstive likelibood ratio of 4.6 in
front of heakthy/meechanical subjects. A
likeliboaned ratice betwesn 2 amd 5 pen-
eruies small, bul soneetimes imporiang
changes im probability. & stnking find-
ing is the rdatrvely bow prevalence and
thickness of bursa m EL& comtrol group
{Z1.7% in RA commol groep wersas

ST% in healdy controls; peaiiil )
This controd population was compossd
by FA patients all treaded with dissase
miodifymg anti-rheumatse dregs with-
ot advanced defomaiies, and  low
disense activity. Amcther possible ex.
planation conld be borsa presence of
meschanical orgin in heakhy conteol
populaton rejated with ovenmsse.

In agreement with what has bees shown
by other authors, the presence of Dop-
pler signal seems o have o haph mg-
nificance im the oomert classification

of Spi pasients (&, 14, 31, 32} Table
[ sunumarises interesting resales aboot
Dyl wijgnad mm thee: b In o study
Doppler signal is associoted with other
clinical measeres accepbad for aamess-
menit of Spd disease activiry (C-reactve
proviean, hesl pain, patient VAS for pain
and global diseare activity evaluation,
number of swollen joinis and BASDA]
3), bui not wath oomal quesson of BAS-
[3Al, & even had 2 negative association

with spine pain (EASDAL 2 The os-
sociation with the member of smodlen
Joimis, BASDAL 3 and C-reactive pro-
wim is | agreement with the idsa that
erml-symovial specific factors could
TiEEer innate ENMUne responses and
miy be pivetal players in the pheno-
ovpec expression of SpA, as suggested
by the symovi-entheseal complex oon-
cept proposed by MeoGonagle et af (4,
17, 18). Im this sense, and supporting
the idea of the imporance of the par-
modpation of the synovial bursal mesoe
m enchesis damage, previoes nepored
dain have demonstraied that eposions
rvpecally ocoer m the borsal proximal
portiom of the eathesis in SpA patienis,
posmbly establiskang a link betnesn
these lesions (5, 33). Addiionadly, a
bmgitudinal study of patients treased
with THF-alpha bincking agents dem-
onstrmied thae the only elemental je-
mons that ackseved o mgnaficant reduc-
oon afier the reatment were enthesel
bypoechogenicity andior thickening,
lvorsas and Dioppler signal {34, 35). This
renforces the possible imporiance of
the introduction of these elemessary le-
smions in future sooning systems for ac-
mvity, damage, or finllow-ap porposes.
A limitation of the present sody was
e loww number of patients and contmls
weakening the stairstical power of our
resulis Another limitabon is the low
senstivity of bersa in grey scale, whach
redoces the valoe of bursa im enthesis
S examinason, bet this s not differ
ent from other elemental lssions m-
cluded m v definizion such
as thickness that had less conribuation
(311 Probably no one lesmon, os bursa
presenice, but the combinagion of enthe-
seal besions improve the knowledge of
e SpA enthesis pachological process
The Doppler presence ssems 6o have a
bagh diagnostic value for Spa, bui has
hee limizaiion of s bow prevalence One
poemible explanation for the ow preva.
benie oof Doppler sigmal ool be related
with the low vesculansasion Ao of the
enthesis. Even m other published daza
by expert groups a similar low preva-
lznce of Doppler signal was found. (31,
34, 35 Im thes sense, it is remarkable
thai the analyss of Doppler presence
tking mén acoomnt chnical variabdes
achieyed stavisneal significance.
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Concluston

In conclusion, our results showed that
US findsmgs at recrocalcansal barsa lev-
¢l have low senstivity, bt could have
an important contnbation in differensi-
ating pasents with SpA, and probably
10 assess the disease as supported by
comrelatons with climecal outcomes of
disease activity. The inclusioa of bursa
in futare new comsensus definition of
enthesutis should be evaloated
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Can we use enthesis ultrasound as an outcome
measure of disease activity in spondyloarthritis?
A study at the Achilles level

Sandra Falcao', Concepcion Castillo-Gallego®, Diana Peiteado?, Jaime Branco',
Emilio Martin Mola® and Eugenio de Miguel®

Abstract

Objective. The aim of fhis study was 1o evaluais the construct validity of enthesis US in the assessment of
dizascs actvity in Spi
Methods. A longiudinal Achilles enthesis US study in ppients with eady Spi was undertaken. Adhilles US

axamirations were parfodmed a1 eseine, § and 12 manths and comgpamd with dinical outcams meass-
ums coliscted at fie basaine visit.

Results. Blatwra Achilies athasis of 155 aardy Spi pafarts B wamen) were analysad Basal maan
BASF, BASAl-spina, BASDA and Ankylosing Spondylifs Dissase Activity Soora (ASDAS) were 244 50,
206, ranga 0-8), L& Eo. 074, range 0-3), 480 {zo0. 2.07, mnge 0-9.5) and 251 {=o. 1.18, mnge 0-5),
respacivaly. Tha meaan ESA was 150mméh 5o, 16.99, range 0-109) and the mean CRP was 867 mg
{50, 16.98, rangs 1-90). At basalna, the Achiles Doppler signal and US struciure afemfaon were sgrifi-
cantly assodiated with higher CAP and vais. Patierts who had wery high disesss actiity ot basaine,
as assessed by e ASDAS (»3.5), had a significanty higher Achillas total US scom at baselne (Pe (04,
and ASDAS «1.3 pmdicied no Doppler sigral at § and 12 montfs. Ovamll, the Achiles ol US soore was
significanty higher in pafants with higher levals of CAP fbasaline P =004, § manths P = 0006, 12 monts
Pl and ESA basdine P= 002, & monts P=0.04, 12 months P=0.005 a2t basalina. Tha Dappler
signal at the baseline vist pradiced a higher total US soore at 6 and 12 manths.

Condusion Dappler US has sgnificant associaforns with ofer commaonly acospled dissscs actty
rmaasures, such as ESH, CAF and ASDAS, and seems io be an abjective ouicoms measure for enthesifs,

Koy wornds: spondyinativiis, utmsonography, disosss activity.

Imtroduction Socidy (AEAE) classBcafion ciferia for adal and pariph-
aral Sph, [3-5], as widl a5 In tha mos meoen] Eumpaan
Epiisa group of disorders characienzed by niflemmaiory  League Agars! Freumatsm recommendalions for the

Irrecivamant of o enfesls ad Te edposnd o, and
s b g ad as T prirmary beslhon inalll Spd, sub-
fypes [1. 2] Tha imporance of ant esilis has inomased in
ranen pears a5 a rasult of B inclusior i T ey dae
waibpad Sesassmant of SpondyioArTeits indemaforsl
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marnagement of Fsi 5. Ore of e major probiems in
dlaily pracion is T dizgnosis and moniiorng of anhe-

s which s ooralsand wilh T laede of Seral Tty and ra-
lizhilty mporied in e pevious Beetora [7]. ] has b
suggested Tt imaging tecimiques am supedorio dincal
aaminaton for Tis porpose, and evan LS might Ba siue
parior o MR for deted ing oary signs of entusonaty (5]
Furmermona, US s comen®y oorsldersd & poweriul fool
for idenilying enfesal afiectalon, camanio of IMproying
dizagrosio acouracy I Sp [3-11] The OMERAS T anfhae-
sopaty defnilon [12] enoompassass @ wide rarge of e
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Saredta Faboes ei ai

Tramdom T enfwsls LS dednilion is il pendng.- In
s sarse, knowindg e of whidh enthessal LIS bsions aro
related fo ofwer Sph dboess @y ouf o mes oould ba
relosgnt. Tha aim of the prosend sfudy wes io o o ermina
0 oorsdrud walldly of enfaeas US e assassmend of

disaase 20Tty In Spa.

Patiemtsz and methods

Wia perlorrnied & Drgitud imal sl Fesls LS S udy In palSlans
wiih sarly SpA. Appmval was oiftained fom T ethics
oommities of e Hospital Unbwersitadc L Paz. Al pa-

fants signed an infomed corsant S,

Pxipns

Thee Samip e Dreciocked T Daasadrn wislt o 145 cormnci
palioms aflandng To By SpA Unil as parl of Tha
Espararza programima, T mieral oiteda of which hava
s prodoisly pubiished [13]. The pationts wem diag-
e Wit Spl @ocoding o @ooqnied ASAE. classBoa-
fon oribari ﬁ-!n]."pm oompeied o Spanish
warsion of Tw BASDA and o BASF. Porpharal ot
oo i T prmsanion o Meeddl pRain WG ais0 g temd
o T same dsE day. Lahomdory fests included ESR,
CFF and HLAEZT. Tha CRF varsion of Tha Snkcyiosing
Spondyilis Dseasn Acvity Scoro (ASDEE) [14, 15] and
o BAERI ware caboilafod

US axsmination

Fafinnis underwani an Achlles LS acaminadion af hesa-
ina, and § and 12 montie according fo T Madrid
mmmmmﬁﬁ}hﬂiw
e only soom wes dor the Achlles enEasis-
UiTESOnOrR Ny Wk ﬂhmw“w
rained Inenfesh LS wing a login 9 machire Senemsl
Elno¥ric, Wairsnicsa, Wi, LEL wih a lnoar pmoba ai
S-14MHz. Tha LS amaminer wes Dilnded o ihe siads
of T subjecd

Thea alanatal ksiors wae defned accomding o
OMERACT dafirl iors l11‘]wlmmﬂﬁﬂ [« ¥ ]
calion [16]. To impaoye pracision, anosion wes defined o
oorfical brealoages with step-downs of mom then 1 mm in
dap®i and widin in Bot T longludnal and Fareeess
acpes., Pravhous shud s Dy our groun Fane shown gaod o
aocondand rolabdity meuls for T MASS soore Wit an
irfraciass cormddion conficient mnge of OLTT (95% O
03, 095 P-001) W 097 (9@5% Cl 090, 09
P = 000 18, 17

Saistinal analysis

Thea rmeesan (50 Was used o describe T demog mphic
chaaoierEts of palients and utRsonogRnine ol ms.
To compars quantialive and qualialvwe wriabies of cln-
o, Bioohamical and LS dada, an independerd sampla
t 1ol and chi-sguared fest worn Sed, mapeclly.
Poamon oomuplion oobfidents woem cioubied o
assess T rdaforanips Doteenn dSaass 0BTy mods-
ume and ulrasorogEpnilc leatumes. Poalues of < 005

wenng Coresidered stalslicaly significant. M data aralysos
veora porlormed Wit BFEE warblon 170 softwam (128,

drmioric, B, LS8

Results

e Faarednged @ Sorfy-ale Garly Sni padands (58 fom sl )
wone examined. Tha subjects fad o mean age of 324
yoars fan. T4, mnge 1845 The aemge ownl@on Tma
of dEaasn was 109 monts (G, 7.1). Fofty-lour par oot
ol pafienis had seomillEs on MR and 10% fullled fhe
rrood B Mo Yok A orifeda Fordywsaesn por oot of
pafents wom HLA-BZT posBva 27 6% had foed pain
and 3T.5% had pedpheral s Thilwaighl por oot
of paadimnds with Feedd pain Feed Dopplar shigrad oo rmpased
Wt 24% of Those wilhout! haol pain. There was no shge
rificani associaion bofwesn heol pain and Achiles
Dopplier sigrad (F= 034 The Dasalirs moan dsul ang-
logusn scala dor pain and pafent global dEossn 2550005
et s 515 e, 205 rangs 0- 100 and 298 fan. 1.55
rRnge, 0-T), mepecvndy. Tra maan EBEF m as el
was P44 (an 205 ranga0-B) and T meaan SAERksping
TSN s OLET fan. 074 rarge O-3) Tha asa-
Birsn e EACEOAL, AADAE, E5R and OFF misas ramanis
wong 40850 fo 207, range 0-9.5), 251 fo 116, ranga
0-5) 150 mméb (. 16598, mnge 0-105) and 867 mgl
far. 1692, mngs 1-90), mepeciady. A7 Daselins, ol pa-
Sants womn imated Wit NEMDs and 22 began classho
OMRDs (B5F or MTX)L Associafons Dofwesn dinical
and Rbomdiory moasmemonts ol Spb pafonis’ bosal
data and T Achiles enfedEs demental BSors & roe
e b Tzl 1 Ad Esaesodives, e Suchilliees: Do e sligrall
and sthucire wom significen®y asocaled with higher
CFF and EER welk. Palonis wif Achlies Dopnior
signal af T hasdine ¥iEE Rad a Sgnillcan®y hig e Total
UE soora, meof 0 nily 2 baseding but alsn af & and 12monis
P <0001 &7 basadne, none of the demental Schilles
g lores womn ConsiE ey aesocinied with o BAEDAL 0.
vl EaE D] questiors, BASF, BEERI, ASDRE o pae
Bl Qo o GO 265506 5T

Fafads who hiad wery high disaese aoBdty o hasdin
assessnd Dy AEDAE (35 had o signlcandy highor
dchiliss od US soom al Deselie (F=0040 The sana
Mohilies. fofal UE soom was nof associaied with ofor
AHOAS cuf-ofls or BAEDAL Owerall Achilles foial LS
S0 s shgrillcanSy hig e N padanis will g Do -
ira vl of OFF (asalrs P= 004, § montes P= 0L0E,
12 mons P =003 and ESRDaseline P =002, § monis
P=004, 12 monts P =00005) (Tabis 2. A hasaling, ESR
ooTeRied woakly W Dselns Snecture o006,
P=0007, Doppier dgral (r=028, P=0004) and fotal
dchlliss soom (r=0.31, P= 001, OFF had similar corml-
afons (sthuctures r=032, P=0001; Dopolies r=0.29
P=0032; fotal Schilles soora r= 0036, F 00001 Mons
o e coomulad@ions described ior EER and 0RF war Coin-
sElendy pesant for the ASDAE or BES0AL Falioris with
Eassiadiren Iracd e dissaesa ssseesnd by BEOWE {13 had
i Do i sigriall 21 Sand 12 mon®s. h T groun imaded
Wit artkinfommadory drugs N mono@erany, Sl
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F=00E, 12 monts P= 002 Fationis wilh Wy high dis-
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DISCUSSION

It is well established that enthesitis is a distinctive feature of SpA, is transversal to all
SpA subtypes, and may sometimes be present several years as an isolated clinical
manifestation. Despite the relevance of peripheral enthesitis assessment in the last
years — as corroborated by its inclusion in the recent developed Assessment of
SpondyloArthritis international Society (ASAS) new classification criteria for axial and
peripheral SpA,*?® and in the last EULAR recommendations for the management of
PsA'® _ it remains uncertain which is the best form to perform its diagnosis. Several
studies on imaging of enthesis showed that imaging techniques such as MRI or
ultrasound are superior to clinical examination for enthesitis diagnosis, and some
asymptomatic enthesitis might only be detected by imaging techniques. However, as
the enthesitis diagnosis can be assessed by ultrasound, it is fundamental to study and
define the elemental lesions that build the concept of enthesitis in SpA, and its
relationship with other well-established SpA outcome measures. The aim of this
dissertation thesis was to improve the knowledge of SpA entheseal lesions; namely,
understand the behavior of entheseal erosion and the importance of the entheseal
bursa that could be involved in futures scores of structural damage or disease activity;
analyze the validity of enthesis ultrasound in the quantification of SpA disease activity

and to contribute for enthesitis ultrasound definition.

The first study of this thesis (part 1) focused on the analysis of the reliability of inter-
lector and inter-ultrasonography equipment of MASEI index. Fundamental data for the
remaining unrolling project validity. This work represented the validation process for
my incorporation in the research team. In addition, it has always been said that the
main problem of ultrasound is the interobserver variability. These types of studies are
fundamental to spread and generalize this technique. With the proper knowledge and
training ultrasound has proven, in many cases, to be more reproducible than other

oldest techniques used in clinical daily practice.

In part Il we were concerned about the Achilles enthesis erosions behavior over time.

In literature erosions represent a permanent structural damage, being useful for
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monitoring joint injury, disease activity and therapeutic response in many rheumatic

109 However, in this

diseases; and to date, this concept has been mostly applied in RA.
sense, it is important to emphasize that RA erosion and SpA enthesis erosions likely
represent a different aetiophatogenic disease-response mechanism. Unquestionably,
erosion is a tissue-related damage and a structural change. However, the important
question is whether erosions represent a permanent structural change that can only
grow and worsen over time, as occurs in RA, or a transitory alteration. The initial
observation leading to the development of the hypothesis was based on the
identification of the dynamic nature of the entheseal erosions. Unfortunately, this was
just an observation in the daily practice that had to be tested. Initially, we also thought
that this could be related with the variability of ultrasound image readings or patient
entheseal ultrasound exploration; but in some cases we had collected pictures of
erosions that we were not able to reproduce in later ultrasound examinations. This
coupled with the fact that the vertebral erosions disappear in SpA patients made us
hypothesize that these lesions might disappear over time. To avoid bias related with
the lack of reliability of entheseal exploration or ultrasound image reading we used 3D
technology that allowed us to observe the scan time and review as many times as
necessary the images. Previous published data about enthesis ultrasound erosion in
SpA classified this elementary entheseal alteration as a structural damage.m’73
Nevertheless, our findings in the longitudinal study of Achilles enthesis in early SpA are
consistent with the dynamic behavior of erosion over time (part IlI). Our results
strongly suggest that previously detected erosions could disappear during the course
of the disease. Furthermore, at six and twelve months of follow-up, 25% and 50% of
basal erosions disappeared, respectively; and among the new erosions that appeared

110 Based on these striking results it

at six months, 40% disappeared six months later.
seems reasonable to suggest that the new-bone formation process in SpA could be
associated with the resolution of cortical entheseal erosion over time. Consistent with
these findings, prior results on spinal MRI showed that new syndesmophytes in SpA
developed from inflammatory lesions in spinal vertebral corners into fat infiltration or
erosion, and progressed to bone sclerosis and syndesmophyte formation.'** This result

could also be in agreement with the apparent failure of anti-TNF therapies to control

bone proliferation in SpA; and with the relation of TNF, Dkk-1 and the regulatory
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molecule of the Wnt pathway in the bone proliferation in SpA.51 This can be important
to the development of ultrasound activity and structural damage scores to improve

assessment, treatment response and prognosis in SpA patients.

Following the study of ultrasound elementary entheseal lesions in SpA, another trend
was to analyze the bursal entheseal area (part Ill). There are multiple studies that
added the bursa to the elementary entheseal lesions considered in the OMERACT
enthesopathy definition.®®”3 In fact, bursa was not included in the OMERACT
enthesopathy definition,?” but was included in 46% of the enthesis studies in a recently
systematic literature review,'® being in agreement with the concept of “synovio-
entheseal complex” that includes the link between enthesitis and osteitis in SpA. It has
been clarified in recent data that there is not only a close functional integration of the
enthesis with the neighboring bone, but also a connection between enthesitis and
synovitis.”® Additionally, entheseal morphologic abnormalities, Doppler signal and
bursa were the only elementary lesions that were associated with anti-TNF therapies
response.®® Therefore, bursa may be important in quantifying the therapeutic
response in SpA patients, and may be related with disease activity. Consequently,
bursa was another of the injuries of interest in our ultrasound enthesis SpA third study
draft. Therefore, we tried to assess the prevalence and relevance of the bursa-synovial
lesion in SpA. Our findings showed a significant increase of Achilles bursa presence and
thickness in SpA patients compared to controls (healthy/mechanical controls and RA
controls). Furthermore, when bursa’s thickness was measured, our results showed an
increase in SpA patients with statistical significant differences. The ROC curve analysis
showed 60.4% sensitivity and 68.5% specificity, for SpA diagnosis, when bursa was >1
mm, and 34% sensitivity and 87% specificity when bursa was >1.5 mm. A cut-off of
bursa >2 mm showed a low sensitivity of 19.8% with a specificity of 97.8% in front of
the overall group, and a sensitivity of 19.8% and a specificity of 95.7% with a positive
likelihood ratio of 4.6 in front of healthy controls. A likelihood ratio between 2 and 5
generates small, but sometimes important changes in probability. In this study, a
striking finding was the relatively low prevalence and thickness of bursa in RA control
group (21.7% in RA control group versus 58.7% in healthy controls; p<0.01).**? One

possible explanation could be that this control population was composed by RA
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patients all treated with disease modifying anti-rheumatic drugs without advanced
deformities, and low disease activity. On the other hand in the healthy control
population the higher bursa presence could be related with overuse. In agreement
with what has been shown by other authors, the presence of Doppler signal seems to

have a high significance in the correct classification of SpA patients.®®’%8%

Doppler
signal was also associated with other clinical measures accepted for assessment of SpA
disease activity (CRP, heel pain, patient VAS for pain and global disease activity
evaluation, number of swollen joints and BASDAI question 3), but not with axial
question of BASDAI, it even had a negative association with spine pain (BASDAI
question 2). The association with the number of swollen joints, BASDAI question 3 and
CRP is in agreement with the idea that bursal-synovial specific factors could trigger
innate immune responses and may be pivotal players in the phenotypic expression of
SpA, as suggested by the synovio-entheseal complex concept proposed by McGonagle
and colleagues.?®>** In this sense, and supporting the idea of the importance of the
participation of the synovial bursal tissue in enthesis damage, previous reported data
have demonstrated that erosions typically occur in the bursal proximal portion of the
enthesis in SpA patients, possibly establishing a link between these lesions. %113
Therefore, after analyzing the available data in our cohort of patients our study
effectively can conclude that the entheseal bursa can be seen in other pathologies
than in SpA. Although, bursa has some power to discriminate between SpA and other
diseases, mainly if is used in combination with other elementary lesions. Moreover, its
correlation with other activity parameters makes it a significant injury to be included in

future scores of disease activity; for monitoring response to treatment purposes, and

to be included in the definition of enthesitis.

In general, patient disease activity assessment is always difficult, particularly in SpA.
The concept of disease activity, a reflection of the underlying inflammation,
encompasses a wide range of measures and domains. To its assessment we can use
both the patient and the physician’s perspectives, single disease activity parameters
(e.g., ESR or CRP) or a composite index. Probably, a disease activity composite index
can capture multiple important aspects of disease activity and better represent the

truth. In general, and referring to the OMERACT initiative, such indices should be
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% The BASDAI is an example of an expected based

truthful, discriminative and feasible.
index, composed by six domains (fatigue, back pain, peripheral joint pain and swelling,
enthesitis, and severity and duration of morning stiffness) with a high level of face
validity, but represents only the subjective perspective of the patient. Nonetheless,
BASDAI is probably the most commonly used score in clinical practice, and for

115 1n order to reduce the well-known limitations of

therapeutic guidance in SpA.
subjective components based in the patient perspective — or currently used indices,
such as BASDAI — ASAS has developed ASDAS (statistically derived in analogy with the
development of DAS in RA), focusing on the hypothesis that a better selection of
patient perspective components and an objective laboratory parameter could improve
the composite score.''® Based on feasibility, the ASAS membership selected the ASDAS
version, which included back pain, duration of morning stiffness, patient global
assessment, peripheral joint complaints and CRP as the preferred version. The
enthesis, one of the more important targets in the pathogenesis of SpA, are
undervalued in the assessment of disease activity. The inclusion of enthesis as an
outcome in SpA patients is represented in BASDAI as question 4, but not in ASDAS.
However, ASAS core set for clinical record keeping and for disease-controlling anti-
rheumatic treatments validated enthesitis score, such as MASES, San Francisco and

Berlin.'!’

Furthermore, it is consensual that clinical examination lacks sensitivity and
specificity for enthesitis detection; and that imaging technics, such as ultrasound, can
be efficiently used for this purpose. This is the reason why in recent years a large
number of studies have been published on ultrasound entheseal alterations in SpA

H&121 A ctivity in SpA patients is probably related with at least three aspects:

diseases.
axial, synovial and enthesis involvement. Whatever composite score used as an
outcome in SpA should include these domains. The fourth study of this thesis (part IV)
explored new perspectives, not previously reported, about construct validity of

122 . .
The question remains of

enthesis ultrasound as a possible activity outcome in SpA.
how are ultrasound findings related with other well-known measures of disease
activity, and its relevance. In this sense, our results were exciting because they showed
that basal ESR and CRP are higher in patients with Doppler signal in enthesis, and even
that higher basal ESR, CRP and ASDAS predicted a higher Doppler signal (an ultrasound

alteration accepted as representative of inflammation) six months later. This seems to
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represent a connection between classical biochemical or immunological aspects
associated with inflammation and Doppler signal, not only at the same time, but also
for the following months. Patients with higher values of ESR and CRP had also higher
total Achilles score at basal visit, six and twelve months examinations; this could be a
predictor of worst prognosis in these patients, as the score included also structural
damage lesions. The same correlation was also established at baseline in patients with
higher levels of ASDAS; and, remarkably, patients with inactive disease (ASDAS < 1.3)
at baseline had no Doppler signal at six and twelve months. Furthermore, Doppler
signal at basal visit predicted a higher total ultrasound score at six and twelve months.
These findings reinforce the potential use of ultrasound related techniques for disease
progression assessment and prognosis purposes. Nonetheless, BASDAI didn’t show
significant differences between different cut-offs concerning ultrasound lesions or
Doppler signal, while verified with ASDAS. These results seem to indicate that ASDAS
reflects better than BASDAI what happens in the enthesis. In conclusion, Doppler
seems to be a valid tool to assess entheseal inflammation in SpA patients, and has
significant correlation with other commonly used disease activity measures. As a status
measure, it seems that ASDAS better reflects the entheseal inflammatory disease
process in SpA than BASDAI. Our last study strengthens the construct validity of
enthesis ultrasound and provides further evidence that enthesis ultrasound could be a
useful tool for disease assessment in patients with SpA. Therefore local promotion of
this technique constitutes a medical intervention that is worth being tested in SpA

patients for diagnosis, monitoring and prognosis purposes.

75



CONCLUSION

In the last decade ultrasound has been shown to be remarkably attractive in the
evaluation of rheumatic diseases. Nevertheless, it is with some surprise that this
technique continues to be ignored by many physicians. The independence that it
provides in assisting diagnosis, as well as in the practice of ultrasound guided
procedures, makes it a unique technique. Perhaps as disadvantage, we can consider
the operator dependency and the relatively long learning process, when compared
with other techniques. Similarly to Fernando Pessoa Coke description, | can define it
as: "First you find it strange. Then you cannot get enough of it." or, in a good
Portuguese way, “Primeiro estranha-se. Depois, entranha-se”. This slogan led to the
banning of Coca-Cola by the Portuguese authorities, for about 50 years, allegedly for
being a product capable of creating addiction. The expression still in use today and it is

just a small slice of the masterpiece left by Fernando Pessoa.

The OMERACT definition of enthesopathy is a broad concept that includes a wide
range of structural lesions found in inflammatory and degenerative diseases. With this
work we intended to open new horizons in order to understand the importance of
other structural enthesis lesions not included in this definition, such as the entheseal
bursa; but also the behavior of lesions that were empirically considered as permanent
structural damage, namely the entheseal cortical erosions. In the latter case, with the
demonstration of the dynamic behavior of entheseal erosions in SpA patients, we not
only revolutionized the classical erosion concept, but also reinforced the importance of
the new bone formation in the pathophysiologic process in SpA. This work seeks to add

objective data for a better definition of enthesopathy in SpA.

As physicians researchers we try to awaken consciousness towards the use of Doppler
ultrasound in the assessment of patients with SpA. The SpA for many years have been
forgotten at the expense of other inflammatory diseases, such as RA. Perhaps this was
related with the relatively lack of therapeutic options to change the disease course, or
even to efficiently improve the patient’s quality of life. The increasing development of

new pharmacological tools for the treatment of this condition boosted the
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development of new concepts for early diagnosis, as well as the creation of new
mechanisms for patients’ disease assessment. This is clearly evident in new developed
concepts, such as pre-radiographic AS or ASDAS. Despite the consistent data of this
work supporting the use of Doppler ultrasound in the assessment of disease activity,
the results obtained using just one enthesis as a model are remarkable. This fact is
certainly in straight connection with the wide entheseal involvement in SpA, and the
chosen enthesis. The Achilles is a complex and well-structured superficial enthesis,

with excellent acoustic window, that can be easily assessable by Doppler ultrasound.

As people with dreams we hope that the work herein discussed makes some helpful
contribution in the Doppler ultrasound history, underwriting towards the spread of this
technique in the daily practice of rheumatology. Fernando Pessoa’s Coke slogan could
be easily applied here. My personal experience has shown me that, as time-consuming
as it might be in the beginning, using Doppler ultrasound has become essential in my

daily practice to the point where | “cannot get enough of it.”
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Muere lentamente

Muere lentamente quien se transforma en esclavo del hdbito,

repitiendo todos los dias los mismos trayectos,

quien no cambia de marca, no arriesga vestir un color nuevo

y no le habla a quien no conoce.

Muere lentamente quien evita una pasion, quien prefiere el negro sobre blanco
y los puntos sobre las "ies" a un remolino de emociones,

justamente las que rescatan el brillo de los ojos,

sonrisas de los bostezos, corazones a los tropiezos y sentimientos.

Muere lentamente quien no voltea la mesa cuando estd infeliz en el trabajo,
quien no arriesga lo cierto por lo incierto para ir detrds de un suefio,

quien no se permite por lo menos una vez en la vida, huir de los consejos sensatos.
Muere lentamente quien no viaja, quien no lee,

quien no oye musica, quien no encuentra gracia en si mismo.

Muere lentamente quien destruye su amor propio, quien no se deja ayudar.

Muere lentamente, quien pasa los dias quejdndose de su mala suerte o de la lluvia
incesante.

Muere lentamente, quien abandona un proyecto antes de iniciarlo,

no preguntando de un asunto que desconoce

o no respondiendo cuando le indagan sobre algo que sabe.

Evitemos la muerte en suaves cuotas, recordando siempre que estar vivo
exige un esfuerzo mucho mayor que el simple hecho de respirar.

Solamente la ardiente paciencia hard que conquistemos una espléndida felicidad.

Pablo Neruda
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