1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Arthritis Rheumatol. Author manuscript; available in PMC 2016 December 28.

-, HHS Public Access
«

Published in final edited form as:
Arthritis Rheumatol. 2016 February ; 68(2): 312-322. doi:10.1002/art.39458.

Enthesitis:

New Insights Into Pathogenesis, Diagnostic Modalities, and Treatment
Amy S. Kehl, MD?, Maripat Corr, MD2, and Michael H. Weisman, MD3
lUniversity of California at Los Angeles, Santa Monica, California
2University of California at San Diego, La Jolla, California

3Cedars-Sinai Medical Center, Los Angeles, California

Introduction

Enthesitis is a central feature of spondyloarthritis (SpA). Although enthesitis has
traditionally been considered to be a focal insertional disorder, advanced imaging and
pathologic findings suggest that enthesitis is a diffuse process with effects on adjacent bone
and soft tissue. As a result of repeated biomechanical stress, it appears that microdamage at
the enthesis triggers an inflammatory response in the synovium, leading to synovitis. Along
with mechanical stress, exogenous bacteria may play a role in activating the immune
response, especially in genetically predisposed individuals whose major histocompatibility
locus encodes the class | molecule HLA-B27. Recent studies in animal models suggest that
autoimmunity against versican and fibrocartilage proteins, and bone morphogenetic protein
(BMP) signaling play roles in enthesitis development. Finally, interleukin-23 (IL-23) has
been implicated in enthesitis with inflammatory effects mediated through IL-17 and tumor
necrosis factor (TNF), and new bone formation driven by IL-22.

Although prior therapeutic choices were limited to nonsteroidal antiinflammatory drugs
(NSAIDs) and activity modification, in recent years TNF inhibitors have proven to be useful.
Further research on the effects of IL-22 and IL-23 blockade is needed to understand the
effects on the treated patient. While enthesitis is underdiagnosed by physical examination
alone, the use of ultrasound has proven to be highly sensitive for the detection of enthesitis,
with utility in monitoring response to therapy, and will be an invaluable tool for assessing
the efficacy of newer treatments. This review summarizes the substantial progress that has
been made in addressing the pathophysiology, molecular mechanisms, genetic associations,
clinical features, diagnostic modalities, and treatment of enthesitis.
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Definitions and evolution of the enthesis concept

Historic definition

Although the adjective “enthetic” derives from the ancient Greek word “enthetikos,”
meaning “introduced into the body from without,” in the nineteenth century the adjective
was increasingly used to refer to diseases that were “implanted into the body from external
sources” (1). It was not until the twentieth century that the term “enthesis” was used as it is
today, referring to focal insertional abnormalities at sites of bony attachments to tendons,
ligaments, fascia, muscles, or joint capsules (2,3). The first suggestion that the enthesis is
centrally affected in SpA was made by Ball in 1971 and was substantiated after a review of
pathologic tissues from both patients with rheumatoid arthritis (RA) and patients with
ankylosing spondylitis (AS), where he noted the presence of a unique inflammatory
enthesopathy that could help to distinguish SpA from RA (2).

Broadening the definition of enthesis with the concept of the “enthesis organ”

Magnetic resonance imaging (MRI) and ultrasound findings have suggested that
enthesopathy encompasses pathologic changes extending to the adjacent bone and soft
tissues (4). Likewise, it has been argued that this entity should be considered an “enthesis
organ” encompassing not only the enthesis itself, but also the fibrocartilage, bursa, fat pad,
adjacent trabecular bone networks, and deeper fascia (5) (Figure 1). Representing areas
where hard and soft tissues meet, entheses are sites of concentrated stress with effects not
only on the bony attachment interface and the enthesis itself, but also on these neighboring
tissues (4-7).

Entheses and mechanical stress

The concept of an enthesis organ was extended to that of a synovioentheseal complex (8,9),
which refers to the relationship between the proinflammatory synovium and the avascular
enthesis. In contrast to other skeletal locations, the enthesis is a site of repetitive
biomechanical forces. High biomechanical stress at the enthesis triggers an inflammatory
cascade with cytokine production by infiltrating monocytes and lymphocytes in the adjacent
synovial tissue, resulting in an articular inflammatory response, and clinically leading to
synovitis adjacent to attachment sites (8,9). Support for this theory of a dynamic response to
biomechanical stress at the enthesis originates from animal models. In one experiment,
botulinum toxin A injection delayed fibrocartilage development, suggesting that enthesis
development is sensitive to mechanical environmental factors (10). In a mouse model that
overexpresses TNF, enthesitis was reduced when the hind legs of the mice were made non-
weight-bearing through tail suspension (11). Those authors proposed that triggering of
mechanoreceptors via the MAPK pathway stimulates the production of inflammatory
mediators.

As a result of biomechanical stress, adjacent bone reacts with formation of surface spurs or
enthesophytes, observed both radiographically and on histologic examination (12). In early
disease, there is destruction of superficial fibrocartilage, with vascular invasion and
inflammatory cell infiltration, predominantly with macrophages (13). This leads to another
important microanatomical feature, which is the presence of blood vessels at sites where
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synovium, subchondral bone, and bone marrow are close to each other. In early experiments
using labeled phosphorus, Ball identified capillary-like vessels that pass through the enthesis
to the marrow (2). Later studies described the presence of vascular channels penetrating
cortical bone in the knees of mice adjacent to the cruciate ligaments with associated
subclinical changes, including subchondral bone damage and microcyst formation. In the rat
adjuvant-induced arthritis model, vascular channels provided a site for inflammatory tissue
entry and osteoclast activation (14).

Whether enthesitis is a primary central lesion or a secondary process remains a matter of
debate. Studies that have implicated enthesitis as the primary process include studies of
TNF-transgenic mice, in which the earliest lesion appears to be in the enthesis (11).
However, this may be model specific, and a number of reports have challenged the idea of
enthesitis as the primary inflammatory lesion (15,16). In one study examining different
stages of spontaneous tail spondylitis and peripheral arthritis in HLA-B27/hB,m-transgenic
mice, histologic samples displayed destructive synovitis with neutrophils and multinucleated
giant cells rather than by enthesitis or osteitis (16). Among human studies examining biopsy
specimens and MRIs of sacroiliac joints, synovitis and subchondral bone marrow changes
were more prominent features while enthesitis was not (17,18). In a subsequent study, in
patients with early untreated knee or ankle arthritis, analyses revealed a higher synovitis
score by MRI in SpA than in RA, whereas there were no differences in the prevalence of
enthesitis as assessed by perientheseal focal tissue, entheseal enhancement, and bone
marrow edema (15). However, in light of substantial data in animal models highlighting 3
stages of tendon response to injury that have been defined by distinct pathologic changes,
determining the initiating event in the enthesis may be confounded by the timing of the
analysis (19-21).

Contributing cellular and molecular mechanisms

Genetic susceptibility

It has long been known that AS susceptibility is largely genetically determined. The
strongest genetic association is with the major histocompatibility complex (MHC)—encoded
class I molecule, HLA-B27, and it is postulated that HLA-B27 contributes to ~40% of the
overall risk for SpA (22). Protein misfolding of nascent HLA-B27 in the endoplasmic
reticulum has been hypothesized to trigger an unfolded protein response with aberrant
recognition by natural killer cell receptors (23). The HLA-B27-induced unfolded protein
response in macrophages has been demonstrated in HLA-B27-transgenic rats and is
associated with an increase in 1L-23 production by these cells (24). Although HLA-B27
remains the dominant risk factor for susceptibility to the AS phenotype, other important
influences of the MHC have been observed (25). More recently, Haroon et al (26) found a
positive association of B*27:05:02 with enthesitis, dactylitis, and symmetric sacroiliitis in a
cohort of psoriatic arthritis (PsA) patients, whereas B*44 haplotypes were associated with a
decreased frequency of enthesitis, dactylitis, and joint fusion. Finally, investigators have
recently focused on genes outside of the MHC region, such as ERAP1 and ERAP2, which
code for aminopeptidases that are involved in MHC class | presentation (25,27). Although
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additional HLA class I and class Il alleles have also been implicated, the scale and scope of
gene identification to date have not yet matched the putative total genetic risk for SpA.

Microbial factors

Microbial infection with virulent organisms remote from affected joints, as well as
gastrointestinal dysbiosis without a directly invading pathogen, are known features of certain
phenotypes of SpA, and it has long been appreciated that microbial factors can lead to
immune activation (28). Clinically, reactive arthritis (ReA) is known to follow infections
with Chlamydia, Campylobacter, Shigella, or Yersinia. AS patients consistently have been
found to have subclinical gut inflammation and increased gastrointestinal permeability
(29,30). In animal models, HLA-B27-transgenic rats raised in germ-free environments do
not develop intestinal inflammatory or peripheral joint disease, yet the disease recurs if rats
are reconstituted with Bacteroides, supporting the role of gut flora in the development of
joint inflammation (31). In a more recent study, colonoscopic biopsies of the terminal ileum
of AS patients showed a discrete microbial signature as revealed by sequencing and
quantitative polymerase chain reaction analysis of the 16S ribosomal RNA (16S rRNA)
gene, exhibiting higher levels of 5 families of bacteria as compared to healthy controls (32).
In that study there was no significant difference in the 16S rRNA copy number between
patients with AS and controls, indicating that the observed differences were not due to
bacterial overgrowth. It has been postulated that the combination of bacterial adjuvants and
mechanical factors act synergistically to activate the immune response, particularly in
genetically predisposed individuals (5).

Fibrocartilage and versican autoimmunity

A number of studies have indicated that autoimmunity against fibrocartilage proteins,
including aggrecan, may underlie enthesitis and spondylitis (33). A model of SpA induced
by immunizing BALB/c mice with the G1 globular domain of versican, leading to
spondylitis and enthesitis, suggests that versican autoimmunity may also play a role in
enthesitis (34). The inflammatory lesions are characterized by mononuclear cell infiltration
at the entheseal insertions to the vertebrae, as is seen with AS, and are associated with
angiogenesis which then progresses to cause destructive discitis (35).

Role of bone morphogens

In the DBA/1 mouse model, where mice develop spontaneously occurring arthritis that
culminates in bone formation and joint ankylosis, male mice in crowded conditions
developed arthritis in the hind paws that was entheseal, but not synovially based, with new
bone formation driven by BMP-7 signaling (36). In that experiment, the incidence of
arthritis was increased in mice that were caged together in crowded conditions, yet
decreased when the mice were placed in larger cages (37). Thus, in addition to a genetic
predisposition for enthesitis, this observation points to the role of environmental factors in
the development of arthritis. Finally, immunohistochemical studies in SpA show increased
synovial expression of BMP-2 and BMP-6, which is up-regulated by proinflammatory
cytokines such as IL-1 and TNF, suggesting that synovial molecules contribute to chronic
arthritis and joint ankylosis (36,38).
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Role of proinflammatory cytokines

The role of IL-23 has been addressed as a major driver of cascades that lead to inflammation
and bone remodeling in SpA. Alterations in AS susceptibility are related to the existence of
single-nucleotide polymorphisms in the 1L-23 receptor as demonstrated in genome-wide
association studies, and serum levels of the IL-12/23 p40 subunit have been shown to be
significantly higher in patients with PsA compared with controls (39,40). IL-23 is produced
in the gut, suggesting that the intestinal mucosa is a key site of I1L-23 production in SpA.
Additionally, Chlamydia trachomatis also leads to induction of I1L-23 via CHOP10. Taken
together, these findings indicate that IL-23 is a pivotal cytokine and potentially central to the
pathogenesis of SpA (41). Increased IL-17 expression by innate immune cells such as mast
cells and neutrophils in SpA has been shown to target the facet joints and synovial tissue
(42,43). In a subsequent set of investigations, Sherlock et al found that IL-23 could induce
SpA by acting on an isolated population of CD3+CD4-CD8- entheseal resident
lymphocytes, leading to increased expression of TNF and IL-6 in the enthesis. When 1L-23
was overexpressed, mice developed enthesitis with inflammation, which spread into the
adjacent synovium (41). Enthesitis was associated with new bone erosion. 1L-23 promoted
inflammation through IL-17 and TNF, whereas new bone formation was associated with
overproduction of IL-22 (41,44) (Figure 2).

Additional support for the role of IL-23 comes from the SKG mouse model, in which
curdlan (5-1,3-glucan) injections induce enthesitis and dactylitis. Arthritis and spondylitis
were IL-23 dependent and were transferable to SCID mouse recipients with CD4+ T cells
(45). In this model, disease severity was dependent on the external microbial environment
and the host immunogenetic background. More recent work illustrates the differential impact
of microbiota on specific pathologic features of SpA; ileitis development, ileal I1L-23
expression, and lymph node IL-17A production were microbiota dependent, but arthritis was
not (46). In curdlan-treated SKG mice, enthesitis was specifically dependent on IL-17A and
IL-22 (47). The role of up-regulation of the IL-23/Th17 pathway in promoting joint
inflammation and bone turnover is further supported by recent murine studies, with
inhibition of the PsA phenotype after neutralization of IL-17A (48,49).

Clinical enthesitis in SpA

SpA is by definition a heterogeneous group of clinical entities long recognized as having
unique phenotypes that include AS, ReA, PsA, enteropathic arthritis, and what has
traditionally been referred to as undifferentiated arthritis. However, with advances in
imaging and careful long-term followup observations, it appears that these diseases share
common features, including subclinical spinal and peripheral joint inflammation, along with
associations with microbes and gene identifications. In attempting to develop a model for an
underlying unifying anatomical basis for SpA, an “enthesitis-based model” has been
proposed as the basis for the osteitis, periostitis, and new bone formation that are seen in
SpA (5). The association between enthesitis and adjacent osteitis has been further supported
by imaging and cadaver studies, primarily in patients with PsA (50-52).
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Regional sites

Patients with SpA have a remarkable propensity for inflammation at certain enthesis sites
that are ubiquitous and numerous. Clinically, peripheral enthesitis is observed not only in all
forms of SpA, but particularly frequently in juvenile-onset SpA. A number of patients with
juvenile SpA are classified as having enthesitis-related arthritis (ERA), a heterogeneous
subtype that includes some patients who predominantly have enthesitis, enthesitis and
arthritis, or juvenile AS. Compared to other subtypes of juvenile idiopathic arthritis, ERA is
associated with worse function, worse quality of life, and increased pain (53,54).

Enthesitis can be seen in 33-58% of patients with ReA and may be the only clinical
manifestation in some whose disease has been triggered by an enteric infection (55). In SpA,
the entheses of the lower extremities are more frequently involved than those of the upper
limbs, and the heel is the most frequent site (55). In addition to the Achilles and plantar
fascia insertions, identified sites of enthesitis include muscle attachments to the greater and
lesser trochanters, the insertion of the quadriceps tendon at the upper patellar pole, the
insertions of the patellar ligament at the lower patellar pole and the tibial tubercle, acromial
and clavicular insertions of the deltoid muscle, and the insertions of the flexor and extensor
tendons at the phalanges (55-57). It is unknown why there is a predilection for the entheses
at the lower parts of the lower limbs, although it has been hypothesized that this may be due
to the length, anatomy, and higher mechanical load at these sites.

Given the presumed role of repetitive biomechanical forces discussed above, it is not
surprising that in patients with longstanding AS, those with occupational activities that
required more bending, twisting, and stretching had more functional limitations and
radiographic damage than those whose jobs required little or no dynamic flexibility (58). A
recently published computer-based method that fully quantified syndesmophyte heights and
volumes on computed tomography scans has revealed that syndesmophytes grow at different
rates over time in AS patients, suggesting that mechanical factors local to the disc space may
influence syndesmophyte formation (59). Clearly, there are sites that are not associated with
SpA despite being sites of significant biomechanical stress, and perhaps it is the compressive
and shear force nature of the stress as well as the putative role of antigen expression adjacent
to the enthesis that may underlie this apparent discrepancy (5). Additionally, it cannot be
discounted that the increased detection of enthesitis at the lower limbs is explained by the
accessibility of these sites to ultrasound.

Diagnostic criteria and outcome measures

Enthesitis is often underdiagnosed in the clinic; clinical assessment and quantification of
peripheral enthesitis in daily practice lacks sensitivity and specificity (56,60,61). Although
both the Amor criteria (62) and the European Spondylarthropathy Study Group criteria (63)
for SpA include peripheral enthesitis, there are limitations to these criteria with regard to the
exact quantification of enthesitis. Two clinical methods have been designed and often
implemented for evaluating enthesopathy in AS: Mander’s Entheseal Index and the
Maastricht Ankylosing Spondylitis Enthesitis Score (MASES) (64,65). Both rely on pain
elicited by local pressure of entheseal points. The intraarticular and deep location of
entheseal insertions, however, makes quantification of enthesitis by physical examination
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alone difficult, and not surprisingly, these scoring systems have only moderate sensitivity
and specificity for predicting positive sonogram results, depending on the entheseal site (66).

Imaging of the enthesis

MRI

Ultrasound

Because of the clinical limitations described above and the poor sensitivity of markers of
inflammation, it is necessary to rely on typical abnormalities seen on various imaging
techniques to diagnose SpA. Plain radiographs are limited by their inability to show
inflammation or soft tissue changes, although late chronic bony changes such as
enthesophyte formation or occasional erosions can be seen at the attachment of the Achilles
tendon or plantar aponeurosis. More sensitive methods such as ultrasound and MRI, which
are useful in their ability to detect both inflammatory and chronic changes in enthesitis at
both early and late stages, can be used.

MRI has changed the way we approach both the diagnosis and classification of SpA,; it is
particularly useful in detecting spinal disease in early AS when conventional radiographs are
still normal (67). The use of fat-suppressed, fat-saturated, and water-sensitive MRI
sequences has demonstrated that the extracapsular inflammation of joints quite often
represents enthesitis with variable degrees of soft tissue and bone marrow edema (68,69)
(Figures 3-5). The typical appearance of enthesitis on MRI includes soft tissue
inflammatory changes outside the joint capsule and perientheseal bone marrow edema (70).
Recent studies have examined the utility of whole-body MRI, which has shown promise in
the detection of subclinical axial and peripheral enthesitis (71). Of course, MRI has
limitations; structures that make up entheses have a low signal on conventional MRI, with
low water accumulation in the areas where fibroblasts are tightly cross-linked. MRI is
further limited by its cost and availability, and therefore ultrasound remains the preferred
modality for the detection of enthesitis both in the clinical setting as well as in research.

Ultrasound has indeed proven to be a highly useful and sensitive tool in the evaluation of
enthesitis and improves the ability of the clinical examination to detect enthesopathy. In one
study of 92 patients with PsA, ultrasound was useful in detecting subclinical entheseal
involvement, independent of clinical examination and symptoms (72). In another study of
600 lower limb entheses, at least 1 ultrasound sign of enthesopathy was detected in 60% of
clinically asymptomatic cases of enthesitis, thus demonstrating a higher sensitivity than
physical examination (73).

Ultrasound may be most useful in the early diagnosis of SpA, and likewise, entheseal
abnormalities can be detected prior to overt clinical disease. Nevertheless, in an older cross-
sectional single-center study of 51 SpA patients and 24 controls, neither MRI nor power
Doppler ultrasound (PDUS) discriminated between SpA and controls (74). In a prospective
single-center cohort study of 118 patients with symptoms suggestive of SpA conducted by
D’Agostino and colleagues (57), vascularization at cortical bone detected by PDUS of at
least one enthesis provided good predictive value for diagnosing SpA with a sensitivity of
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76.5% and a specificity of 81.3%. Indeed, PDUS is a sensitive and reliable technique used to
detect increased blood flow in the enthesis revealing neovascularity and subclinical active
inflammation (56,75) (Figure 6).

Recent studies have indicated that ultrasound may accurately predict which patients will go
on to develop SpA (51,57,75). In one investigation, ultrasound examination of Achilles
erosions correlated with objective activity-based measurements of SpA outcomes, and was
sensitive to change (76). In the study by D’Agostino and colleagues described above,
vascularized enthesis as detected by PDUS combined with Amor’s criteria proved to be the
only independent contributors to a diagnosis of SpA (57).

Finally, ultrasound may be used to monitor response to therapeutic interventions. A few
studies have illustrated improvement in enthesitis shown on ultrasound after the use of TNF
antagonists (77,78). In one investigation of 327 patients with active SpA who were treated
with anti-TNF therapy for 6 months, cumulative entheseal morphologic abnormalities,
intraenthesis and perienthesis, and bursitis were all significantly decreased on PDUS after 6
months of treatment (77). In another study, D’ Agostino et al monitored regression of
enthesitis using PDUS after treatment with infliximab (78), providing confirmatory evidence
for the utility of ultrasound in a clinical research setting.

Treatment of enthesitis

Historically, treatment of clinical enthesitis had been limited to NSAIDs. Continuous use of
NSAIDs not only controls symptoms of disease, but may also slow progression of bony
changes in AS (79,80). Therefore, Assessment of SpondyloArthritis international Society/
European League Against Rheumatism guidelines place optimal NSAID therapy as a
cornerstone of the management plan for AS (81).

Treatment with TNF inhibitors is indicated in patients that do not respond to NSAID
therapy. TNF inhibition with adalimumab, etanercept, infliximab, and golimumab has been
shown to be efficacious in the treatment of enthesitis (82-87). Olivieri et al (88) have
reported that adalimumab and etanercept are effective treatments of MRI-documented
refractory heel enthesitis, with progressive improvement of bone edema in a 6-month period
(88).

Agents that block 1L-23 have the potential to inhibit both inflammation and altered bone
remodeling, although further analysis of the effect of IL-22 and IL-23 blockade on bone
pathologies in animal models and patients with PSA are needed to address this important
therapeutic issue (89). Entheseal inflammation in a passive-transfer model of collagen
antibody-induced arthritis was reduced by an antibody to the p19 subunit of IL-23, which
was also associated with the down-regulation of several inflammatory mediators, such as
IL-6 and IL-1p, and genes such as Rankl/, Ctsk, and matrix metalloproteinases known to be
involved in bone erosion (41). Both ustekinumab, a monoclonal antibody directed against
the common p40 subunit of 1L-12 and 1L-23, and secukinumab, a human anti-IL-17A
monoclonal antibody, have already demonstrated promise in PsA, with significant
improvements in enthesitis (90,91).
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Apremilast, an oral inhibitor of phosphodiesterase 4, which increases cAMP and thus
modulates multiple proinflammatory mediators, has demonstrated efficacy in PSA, with
significant improvements in the severity of both enthesitis and dactylitis evidenced by
reductions in MASES over a 52-week period (92). Finally, bisphosphonates may also have a
role in peripheral enthesitis felt to be refractory to NSAID therapy. In a 6-month randomized
controlled comparison of intravenous pamidronate treatment of NSAID-refractory AS,
patients treated with pamidronate showed symptomatic improvement with significant
reductions in Bath Ankylosing Spondylitis Functional Index and Bath Ankylosing
Spondylitis Disease Activity Index measurements together with regression of periarticular
osteitis documented by MRI with gadolinium (93).

Treatment of patients with SpA enthesitis with currently available agents has not had
universal success. In placebo-controlled trials of methotrexate and leflunomide in PsA,
enthesitis measures were not assessed (94,95). In a randomized controlled trial, sulfasalazine
was not effective for enthesitis (96). Other agents that have not demonstrated clinical
efficacy in AS include tocilizumab, and lymphocyte-targeted therapies such as abatacept
(97,98). Rituximab only showed modest therapeutic efficacy in SpA (99,100).

Conclusions

In summary, investigations and clinical observations uniformly point out with increasing
clarity that the enthesis is much more than a simple attachment site. A number of studies
have shown that it functions as a unit comprising adjacent tissues, including bone and fibro-
cartilage linked to synovium, and serves as a way of dissipating stress over a wide area.
Inflammation at the enthesis manifests in the adjacent synovium presumably via immunity
to common antigens or via release of proinflammatory cytokines at the enthesis. Although
work by Benjamin and McGonagle (9) suggests that the enthesis is the primary SpA lesion,
the precise role of the enthesis in early stages of disease, especially regarding issues of cause
or effect, remains an area of continued debate and discovery. Improved imaging modalities
may in the future be able to detect enthesitis at different stages of disease. However, this will
require a clinically diverse and large sample size to help address this question. Inflammation
at the enthesis is likely modulated by multiple factors. A more complete role for genetic
predisposition will require additional advances in gene sequencing and discovery. Repeated
biomechanical stress with the resultant inflammatory response regulated by IL-17, IL-22,
and IL-23 now provide clues as to why certain areas of the body are affected, and perhaps
why others are not. The spine itself (the clinical hallmark of the disease) remains
inaccessible to traditional enthesitis-focused research methodologies thus far. However,
newer imaging techniques are on the horizon. Further examination into the role of the
inflammatory mediators, including IL-17, IL-22, and 1L-23 as well as potentially others, in
driving enthesitis and bone formation will be important to direct our attention toward future
therapeutic targeted pathways in patients with SpA.
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Figure 1.
Illustration of the Achilles enthesis organ.
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Figure 2.
Interleukin-23 (IL-23) is activated via a variety of pathways including the HLA-B27

unfolded protein response. IL-23 then activates resident T cells within the enthesis, which
then promotes inflammation and bone remodeling, with inflammation mediated by IL-17
and osteoproliferation mediated by IL-22. The net result is bone ankylosis in the spine.
ROR yt = retinoic acid receptor—related orphan nuclear receptor »t; TNF = tumor necrosis
factor. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/journal/doi/10.1002/art.39458/abstract
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Figure 3.
Achilles tendon insertion into the calcaneus. An abnormal signal is seen at the posterior

calcaneus at the site of the Achilles entheseal insertion (encircled area) on magnetic
resonance imaging using STIR sequences. Reproduced from ref. 68.
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Figure 4.
Radiographic findings of enthesitis in a 21-year-old man with ankylosing spondylitis. A,

Reference plain radiograph. B, Magnetic resonance image with T1 sequence showing a
small erosion at the right greater trochanter. C, Axial T2 fat-saturated sequence of the right
hip showing edema of the right gluteus minimus tendon at its insertion, consistent with
enthesitis. Arrows indicate the region of the right greater trochanter. Images courtesy of Dr.
Joseph Robinson (Cedars-Sinai Medical Center).
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Figure5.
Fat-suppressed T1-weighted sequence magnetic resonance image (MRI) of the right midfoot

of a 58-year-old woman with HLA-B27—positive peripheral spondyloarthropathy. The MRI
demonstrates extensive enthesitis, synovitis, and tenosynovitis of the peroneus longus,
peroneus brevis, tibialis posterior, flexor digitorum longus, and extensor digitorum tendons.
This is characterized by excess fluid and enhancement in and around the tendon sheaths.
Arrow indicates extensive edema and enhancement at the plantar aspect of the midfoot,
involving insertions of intrinsic musculature and capsular ligaments consistent with
enthesitis. Image courtesy of Dr. Joseph Robinson (Cedars-Sinai Medical Center).
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Figure®6.
A, Ultrasound image of a patient with psoriatic arthritis with enthesitis (long-axis view of

the lateral epicondyle [high-frequency, 18-MHz probe]). Precise delineation of blood flow
seen at the cortical interface on B-flow imaging is shown. Calcification is seen adjacent to
the epicondyle. B and C, 3T magnetic resonance image of the same patient, in the same
orientation as the ultrasound in A, showing proton density (B) and fat presaturation (C).
Boxed areas show the region of the lateral epicondyle. Images courtesy of Dr. Ralph Thiele
(University of Rochester, Rochester, NY). Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/journal/doi/10.1002/art.39458/abstract
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