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ABSTRACT

Background Axial spondyloarthritis (axSpA) is a chronic in-
flammatory disease primarily affecting the sacroiliac joints
(SlJs) and the spine. Imaging plays a crucial role in the diagno-
sis of axSpA, with magnetic resonance imaging (MRI) and
radiography being the primary modalities used in clinical
practice. New bone formation occurs in both the spine (non-
bridging and bridging syndesmophytes, transdiscal ankylosis,
and ankylosis of small joints and posterior elements) and the
SlJs (backfill and ankylosis). New bone formation indicates
advanced axSpA.
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Method This review explores the role of imaging in the diag-
nosis and monitoring of axSpA, focusing on the significance of
new bone formation, and provides an overview of the charac-
teristic imaging findings of new bone formation in axSpA in
each imaging modality.

Conclusion Imaging methods, such as X-ray, MRI, and CT,
have different diagnostic accuracies for detecting structural
lesions and new bone formation. Each modality has its
strengths and weaknesses, and the choice depends on the
specific clinical context. Imaging is crucial for the diagnosis
and monitoring of axSpA, particularly for the detection of
new bone formation. Different imaging techniques provide
valuable information about disease progression and treat-
ment response. Understanding the significance of new bone
formation and its detection using imaging modalities is essen-
tial for the accurate diagnosis and effective management of
patients with axSpA.

Key Points

= New bone formation is a hallmark feature of advanced
axial spondyloarthritis.

= New bone formation occurs both in the spine and in the
sacroiliac joints.

= Differentiation of new bone formation in axial spondyloar-
thritis from that in other conditions such as diffuse idio-
pathic skeletal hyperostosis and from osteophytes is
essential.

= Imaging methods, such as X-ray, MRI, and CT, have
different diagnostic accuracies for detecting new bone
formation.
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ZUSAMMENFASSUNG

Hintergrund Die axiale Spondyloarthritis (axSpA) ist eine
chronisch entziindliche Erkrankung, die vor allem das Sakroi-
liakalgelenk (SIG) und die Wirbelsdule betrifft. Die Bildgebung
spielt bei der Diagnose der axSpA eine entscheidende Rolle,
wobei MRT und Réntgenuntersuchung die wichtigsten Unter-
suchungsmethoden in der klinischen Praxis sind. Knochen-
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neubildung tritt sowohl an der Wirbelsdule (nicht briickenbil-
dende und briickenbildende Syndesmophyten, transdiskale
Ankylose und Ankylose der kleinen Gelenke und der hinteren
Elemente) als auch am Sakroiliakalgelenk (Backfill und Anky-
lose) auf. Das Vorhandensein von Knochenneubildung weist
auf fortgeschrittene Stadien der axSpA hin.

Methode In dieser Ubersichtsarbeit wird die Rolle der Bildge-
bung bei der Diagnose und Uberwachung der axSpA unter-
sucht, wobei der Schwerpunkt auf der Bedeutung der
Knochenneubildung liegt, und es wird ein Uberblick tiber die
charakteristischen Bildgebungsbefunde der Knochenneubil-
dung bei axSpA in den jeweiligen Bildgebungsmodalitdten
gegeben.

Schlussfolgerung Bildgebende Verfahren wie Rontgen, MRT
und CT haben unterschiedliche diagnostische Genauigkeiten
bei der Erkennung struktureller Lasionen und Knochenneubil-
dung. Jede Modalitdt hat ihre Starken und Schwéchen, und die
Wahl hdngt vom jeweiligen klinischen Kontext ab. Die Bildge-
bung ist fiir die Diagnose und Uberwachung der axSpA von
entscheidender Bedeutung, insbesondere fiir den Nachweis
von Knochenneubildung. Verschiedene bildgebende Verfah-

ren liefern wertvolle Informationen tber das Fortschreiten
der Krankheit und das Ansprechen auf die Behandlung. Das
Verstdndnis der Bedeutung der Knochenneubildung und ihrer
Erkennung durch bildgebende Verfahren ist fiir eine genaue
Diagnose und eine wirksame Behandlung der axSpA unerldss-
lich.

Kernaussagen

= Knochenneubildung ist kennzeichnende Verdnderung bei
meist fortgeschrittener axialer Spondyloarthritis.

= Knochenneubildung kommt sowohl an der Wirbelsdule als
auch am Sakroiliakalgelenk vor.

= Die Unterscheidung zwischen Knochenneubildung bei ax-
ialer Spondyloarthritis und anderen Differenzialdiagnosen,
wie der diffusen idiopathischen skeletalen Hyperostosis,
sowie degenerativ bedingten Spondylophyten ist essen-
ziell.

= Bildgebende Verfahren wie Réntgen, MRT und CT haben
unterschiedliche diagnostische Genauigkeiten bei der
Darstellung von Knochenneubildung.

Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory disease
with preferable involvement of the sacroiliac joints (Sljs) and the
spine. Its incidence in Caucasians in European countries is estima-
ted to be approximately 0.5% to 2% [1, 2]. The disease often
occurs in early adulthood with symptom onset typically before
45 years of age [3]. The leading early symptoms are (lower) back
pain, stiffness, and fatigue while loss of function occurs in the
later stages of the disease [4]. One form of axSpA is ankylosing
spondylitis (formerly known as Morbus Bechterew), which is
characterized by the presence of structural lesions in the SlJs and
the spine. Most people will experience back pain, even at a young-
er age, but only a few individuals with back pain actually have
axSpA. In most patients, back pain is due to degenerative condi-
tions, or no specific source of the pain can be determined. More
specific back pain definitions might help identify individuals with
axSpA. Such definitions include chronic back pain lasting 12 weeks
or longer or inflammatory back pain, which is characterized by
additional factors such as worsening at night and good response
to non-steroidal antirheumatic drugs (NSAIDS) [5]. Other factors
that can contribute to the diagnosis include human leucocyte
antigen B27 (HLA-B27) positivity, moderately elevated C-reactive
protein and comorbidities such as uveitis, psoriasis, or inflamma-
tory bowel disease. However, few are more specific than the
presence or absence of imaging findings in the context of axSpA
[6].

Role of imaging for axSpA

Before the introduction of magnetic resonance imaging (MRI) and
the development of the Assessment of Spondyloarthritis interna-

tional Society (ASAS) classification criteria, the diagnosis of axSpA
relied on radiography and the depiction of structural Sl damage
[7]. Structural changes seen on radiographs characterize
advanced disease and include narrowing of the joint space and
partial or complete ankylosis. For this reason, the focus of various
guidelines is to develop the most evidence-based and feasible
recommendation for early diagnosis to minimize diagnostic delay.
There is consensus that imaging in patients with axSpA is essential
for the diagnosis and management of the disease [8]. To this end,
it is desirable to initiate treatment before the occurrence of
irreversible structural changes, which are associated with chronic
pain and permanent functional impairment. Therefore, bone
marrow edema (BME) on MRI was proposed as an early and
pre-structural imaging sign [9]. However, BME is not restricted to
axSpA or inflammatory diseases. It may also be seen on imaging in
traumatic or degenerative conditions, such as osteitis condensans
ilii or anatomical variations [10, 11]. Thus, confirmation of specific
structural findings, especially surface erosion, can help to distin-
guish degenerative from inflammatory diseases, which was ac-
knowledged in the recent update of the ASAS classification crite-
ria [12, 13]. However, analogous to other spondyloarthropathies,
e.g., psoriatic arthritis, axSpA is characterized by new bone for-
mation, which occurs between acute episodes when the primary
inflammation subsides. The end stage of this process, ankylosis,
contributes significantly to the permanent restriction of move-
ment and loss of function [14]. Therefore, new bone formation in
the form of the so-called backfill sign or syndesmophytes further
helps in ascertaining the diagnosis of axSpA and differentiating it
from other inflammatory conditions such as crystal or infectious
disease [15]. Syndesmophytes are the hallmark imaging finding
of axSpA, and their presence is used on a regular basis to follow
up the course of the disease with imaging in order to identify
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» Fig. 1 X-ray of the lumbar spine illustrating findings in axial
spondyloarthritis.

non-responders to current treatment [12, 16]. Given the impor-
tance of new bone formation in axSpA as just outlined, this article
provides a comprehensive overview of imaging appearances and
how these findings can help in diagnosing axSpA and monitoring
treatment response in patient follow-up.

Pathogenesis of axSpA

To understand the meaning of different imaging findings in
axSpA, a good understanding of the underlying pathogenesis of
the disease is helpful. Entheses are of particular importance in
the pathogenesis of axSpA [17]. They are located in various parts
of the skeleton and the primary channel for the transfer of me-
chanical forces. Of particular interest for axSpA is the attachment
of the fibrous annulus of the disc. The exact pathophysiological
background is still controversial. Both genetic (HLA-B27) and var-
ious environmental factors are discussed as potentially playing a
role in the initiation and development of axSpA. A recent study
suggests that biomechanical stress can trigger an excessive
inflammatory response (termed “mechanoflammation”) [18].
Repetitive biomechanical stress makes the entheses suscepti-
ble to inflammation and new bone formation [19, 20]. Several
other studies showed that axSpA patients working in physically
demanding occupations had more loss of function and radiologi-
cal damage than patients with more sedentary jobs [21] and that
greater mechanical stress was associated with more severe lum-
bar myofascial stiffness in axSpA patients [22, 23]. Microtrauma
is therefore hypothesized to have a significant impact on
entheses, triggering inflammation and osteoproliferation [24].
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Furthermore, the relationship between post-inflammatory chang-
es, like fat metaplasia as a precursor, and an increased risk of new
bone formation in the spine [25] and Sl|s [26] has also been inves-
tigated.

Clinical experience suggests that syndesmophytes tend to
form at sites of inflammatory changes, such as spondylitis ante-
rior [19, 27], which has been supported by histological evidence
[28]. Overall, available data indicate that there is some association
between inflammation and new bone formation and that new
bone formation is to be understood as an excessive repair process
following active inflammation [16, 29, 30].

New bone formation in the spine

Imaging is an important tool for correct diagnosis and therapy
monitoring in axSpA. However, spinal lesions are still not consid-
ered as criteria for the classification of axSpA [31]. Only 25 % of
the patients with axSpA have inflammatory or structural changes
in the spine at first presentation, and only 3-5 % of patients show
typical findings restricted to the spine without SIJ involvement
[32], and some patients will never develop spine lesions in radio-
graphy or MRI. However, the appearance of new bone formation
at the spine is an important imaging indicator for disease progres-
sion and requires an optimization of treatment [16].

Different types of new bone formation are found in the spine.
Typical changes are non-bridging and bridging syndesmophytes,
transdiscal ankylosis, and ankylosis of small joints and posterior
elements.

Syndesmophytes

Syndesmophytes are new bone formations that remodel the outer
margin of the intervertebral discs and typically have a vertical or-
ientation [15]. They originate from the attachment of the annulus
fibrosus at the vertebral corner. Precursor lesions are spondylitis
anterior, fatty corner lesions, and corner erosion (so-called Roma-
nus lesions) of the vertebral enthesis [33-35], see » Fig. 1. There-
fore, these bony extensions form on the anterior, posterior, or lat-
eral corners of the vertebral body and grow upward or downward
[36] without reaching adjacent vertebral bodies. For this reason,
they are known as “non-bridging” syndesmophytes [37]. Syndes-
mophytes are best visualized on sagittal and coronal cross-
sectional imaging (> Fig. 2). The MRI signal intensity of syndes-
mophytes is typically similar to that of bone marrow in the
T1-weighted sequence [38]. In fluid-sensitive pulse sequences,
they can also have a higher signal when there is active inflamma-
tion. However, a small syndesmophyte with little bone marrow
may be hard to detect with MRI, and radiography or low-dose CT
is warranted for detection. However, the role of syndesmophytes
in disease progression has not yet been clarified.

Ankylosis

Ankylosis usually occurs at an advanced stage and is associated
with extensive loss of motion [39]. In ankylosis, the joint or disc
space stiffens due to bony fusion at the attachment sites of the
annulus fibrosus (known as “bridging syndesmophytes”) and/or
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» Fig.2 Magnetic resonance imaging examples of new bone for-
mation in the spine. A Patient with axial spondyloarthritis (axSpA)
with both spinal ankylosis (white arrow) and syndesmophytes
(white arrowheads) on T1-weighted image. These findings are also
seen in the corresponding CT scan. Furthermore, bone marrow
edema in the lumbar spine (black arrowhead) is seen in the STIR
image. B Patient with diffuse idiopathic skeletal hyperostosis (DISH)
of the spine. DISH leads to thick ossification of the anterior longitu-
dinal ligament with a wavy pattern (white arrowheads) while the
syndesmophytes in axSpA are more slender and vertically oriented.

bony fusion of the facet joints [15]. Typically, bony fusion of the
anterior and posterior vertebral body corners originates from the
attachment of the annulus fibrosus at the vertebral corner [38].
Unlike non-bridging syndesmophytes, ankylosis is specific for ax-
SpA. Its most advanced form has a characteristic imaging appear-
ance known as “bamboo spine” [15] and has been observed in up
to 15 % of axSpA patients [40]. The MRI signal intensity is similar
to that of syndesmophytes (> Fig. 2, 3). Although rare, ankylosis
can also occur in young patients with a particularly severe disease
course.

Transdiscal ankylosis

Transdiscal ankylosis is a bony fusion ultimately resulting in ossifi-
cation of the nucleus pulposus through remodeling and replace-
ment of the intervertebral disc. Neither the anterior nor the
posterior vertebral corners are involved, thus this type of ankylo-
sis is also referred to as “non-corner ankylosis” [15]. In MRI, trans-
discal ankylosis is hyperintense in T1 sequences and hypointense
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in fat-saturated T2-weighted sequences compared to the normal
intervertebral disc. Transdiscal ankylosis usually occurs late and
can occur independently of or in parallel to syndesmophyte
formation [38]. Supposedly, inflammation of the disc in the form
of non-septic spondylodiscitis (so-called Anderson type 1 lesions)
precedes this process, which is highly specific for axSpA (> Fig. 4).
Intervertebral ankylosis and transdiscal ankylosis serve as markers
for advanced disease, as axSpA often begins in the SlJs, and are
very specific for axSpA.

Small joints of the spine

Besides the intervertebral discs and facet joints, multiple other
spinal joints are commonly affected by axSpA. However, they are
less commonly the target of imaging. Costovertebral and costo-
transverse joints are usually hard to depict by conventional sagit-
tal MR imaging. Nonetheless, ankylosis of these joints can impair
chest motion [41] and lead to respiratory problems. Currently,
assessment of these joints is the domain of CT.

New bone formation in the SlJs

According to current recommendations, initial diagnostic imaging
should focus on the Sljs when axSpA is suspected [13]. The SI| is
the most common site of changes detectable by imaging, since
the inflammation begins here in the majority of cases [36]. The
combination of active inflammation in the form of bone marrow
edema and structural lesions, especially erosion and new bone
formation, has the highest specificity for establishing the diagno-
sis [13]. As mentioned earlier, new bone formation is the hallmark
of spondyloarthropathies and, thus, a significant finding for differ-
ential diagnosis. However, identifying these processes on imaging
of the SlJs can be more challenging than in the spine.

Backfill

Backfill is defined as a high T1 signal in the Sl] space [26], suggest-
ing fat tissue that has grown into a preexisting erosion [42]. There
are three types of backfill [43], see » Fig. 5. More specifically, it is
defined as a high T1 signal on two consecutive slices and measur-
ing 10 mm or more parallel to the subchondral bone plate on at
least one slice [44, 45]. This is thought to be metaplastic tissue
replenishing the erosively altered subchondral bone, but histopa-
thological evidence is lacking [46]. A link of backfill to fat metapla-
sia of the subchondral bone was hypothesized because both often
occur in parallel [26]. Supposedly, it follows a precursor lesion that
shows a low T1 but high T2 signal and is referred to as inflamma-
tion at the site of erosion [46, 47]. Whether and how and under
what circumstances backfill contributes to the development of
joint ankylosis remains to be elucidated. Although it is deemed
to be an intermediate step between erosion and ankylosis, its
progression towards bridging of the joint space has not yet been
successfully demonstrated. Its clinical impact, besides resembling
a very specific sign for axSpA [26] and other spondyloarthropa-
thies such as axial psoriatic arthritis, is also unknown. However, it
has a high diagnostic value for axSpA and typically begins in the
iliac part of the SlJ. Backfill is seen in approximately 38-63 % of
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» Fig. 3 Imaging examples of structural spinal changes in a patient
with axial spondyloarthritis (axSpA). Syndesmophytes and ankylosis
are clearly seen on X-ray (XR) (white arrowheads) but are not visible
on MRI (white arrowheads). Furthermore, the patient also had bone
marrow edema (seen in the STIR sequence (black arrowhead)) and a
romanus lesion (white and black arrows).

patients with axSpA less than 45 years of age [44]. Although new
bone formation is already a repair process and usually occurs only
after abatement of active inflammation, even in so-called early
cohorts, patients are found who show backfill [48] or radiographic
progression in the SlJs after a short disease duration [49]. For a
long time, erosion and new bone formation developing during
therapy were considered to indicate radiographic progression
[39]. However, recent studies suggest that the development of
backfill and fat metaplasia during initial treatment with biological
disease-modifying antirheumatic drugs (DMARDs) should be
regarded as normal processes of repair and structural healing as
they consistently occur once inflammation subsides [50]. None-
theless, it is still a matter of debate whether biological or target-
specific DMARDs have beneficial long-term effects regarding the
development of new bone formation, i. e., whether backfill is
successfully impeded as soon as the inflammation subsides.

Ankylosis

Ankylosis of the S, i.e., the bony fusion of the SlJ, is the end-
stage of inflammatory or traumatic processes of the SIJ [13]. It is
considered a hallmark of advanced spondyloarthropathy [12, 13].
A characteristic feature is that the joint space has been completely
or partially eliminated (» Fig. 6). On X-ray and CT, this is shown by
a smooth bridging bony filling of the former joint space. In addi-
tion, MRI shows that fat tissue fills the articular space, which was
previously occupied by cartilage, characteristically seen as a high
T1 signal and low signal intensity in fat-saturated T2-weighted
sequences [13]. Usually, inflammation of the joint will disappear
as soon as complete ankylosis has occurred and inflammatory
processes will be restricted to other joints or entheses. The extent
to which backfill leads to ankylosis over time or whether it should
be considered independently of this is still a matter of controver-
sy. Ankylosis of the SlJs significantly degrades function and mobi-
lity [51], but due to the limited natural range of motion of the SIJ,
this is generally less clinically apparent than ankylosis of the spine.
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» Fig.4 Magnetic resonance imaging (MRI) of the spine. A Patient
with typical Andersson | lesion (white arrowheads) in the lumbar
spine with bone marrow edema (black arrowheads). Note that the
erosion in T1 is filled with a high-intensity signal that represents
inflammatory tissue and the beginning of new bone formation.

B Andersson | lesion affecting only one part of the vertebral seg-
ment with accompanying fat lesion (white arrow) and bone marrow
edema (black arrowhead). Note the signal difference at the end-
plate representing backfill-like high T1 signal in the upper vertebra
and high T2 signal at the lower vertebra (white open arrow). C High
T1 signal with corresponding low STIR signal of the intervertebral
disc indicating the presence of transdiscal ankylosis in a patient
with radiographic SpA (black arrow).

Important differential diagnoses

The accurate differentiation of axSpA-typical structural changes
with new bone formation from other conditions is essential. For
example, osteophytes are an important differential diagnosis for
syndesmophytes. In contrast to syndesmophytes, osteophytic
growths are characterized by their horizontal orientation. In cases
of primary degenerative changes in the spine, alterations in the
vertebral segments with narrowing of the intervertebral disc
space are also characteristic, which is not characteristic in axSpA.
Diffuse idiopathic skeletal hyperostosis (DISH), also known as
“Forestier’s disease,” is characterized by thick, flowing ossification
of the anterior longitudinal ligament (> Fig. 2). Changes associat-
ed with DISH are most commonly found in the thoracic spine and
are usually unilateral on the right side, assuming that bone forma-
tion is inhibited by pulsations of the descending aorta on the left
side. While DISH is predominantly observed in the vertebral
column, partial ankylosis and capsule ossification of the SlJs are
frequently observed. In contrast to intra-articular bridging seen
in axSpA, bridging osteophytes anterior to the Sljs are more
common in DISH. However, it is important to note that imaging-
based differentiation of these two entities is not always straight-
forward, as coexistence of both DISH and axSpA has been
described in studies [52]. While active inflammatory findings,
especially bone marrow edema, are also common in mechanical
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» Fig.5 Magnetic resonance imaging of the sacroiliac joints (SIJs)
illustrating different types of backfill. A Type-A backfill showing
inflammation at the site of the erosion in STIR sequence (white
arrowhead). B Type-B backfill with high signal in T1-weighted and
STIR sequence (white arrowhead). C Type-C backfill indicating fat
metaplasia in an erosion cavity with high signal in T1-weighted
sequence (white arrowhead).

and degenerative conditions, the presence of structural lesions
will drastically increase the specificity for inflammatory sacroiliitis.
In addition, axSpA can be distinguished from other inflammatory
conditions such as septic or gouty sacroiliitis by demonstrating
new bone formation such as backfill - besides clinical and
laboratory factors. Moreover, other important factors need to be
considered to avoid false-positive conclusions. Distinguishing
degenerative osteophytes and non-bridging syndesmophytes
based on their imaging morphology is not reliable. Therefore, the
sole presence of non-bridging syndesmophytes without other
structural lesions or active inflammatory changes in the spine or
sacroiliac joints is considered equivocal and is not recommended
for the diagnosis of axSpA [12, 53]. Additionally, conditions like
congenital vertebral fusion can mimic ankylosis in the course of
the disease, which can be either partial or complete. Interverteb-
ral fusion can also occur as a complication of infectious spondylo-
discitis (e. g., Pott’s disease).

Imaging

Imaging has a crucial role in the diagnosis of axSpA and therapy
monitoring [12, 13]. For this reason, imaging has a central role in
the classification criteria used for study screening [7]. However,
overemphasis on acute inflammatory changes in the MRI evalua-
tion criteria with bone marrow edema/osteitis poses the risk of
overdiagnosis, as such changes may also occur in other diseases
[54]. Therefore, the current classification criteria pay more atten-
tion to the importance of structural lesions such as erosions and
ankyloses for the specific diagnosis of axSpA [9].

The choice of the right imaging method depends on the loca-
tion and whether the focus is on inflammatory or morphological
structural changes [8, 37]. The three commonly used imaging
modalities, X-ray, MRI and CT, differ significantly in their diagnos-
tic accuracy for structural lesions and new bone formation [13].
Therefore, we discuss the respective strengths and weaknesses
of each modality below.

X-ray

Early radiographic studies suggested that structural processes
occurred relatively late in the disease course [55]. However, with
advancing imaging techniques and better quality of MRI and low-
dose CT, the majority of early axSpA patients will show minor
structural lesions such as erosion and in time, new bone forma-
tion. Currently, an X-ray of the pelvis is recommended by ASAS as
the primary imaging modality to detect structural changes of the
SIGs [13]. Here, ankylosis of the Sls is of particular importance, as
the radiographic representation of backfill is currently not known
- or backfill is simply not effectively detected by projection radio-
graphy. However, in recent years, many experts have started to
advocate replacing the initial X-ray with MRI, especially for early
diagnosis [56-58]. MRI will clearly detect most structural lesions
and especially new bone formation [59]. For example, with radio-
graphy there is a risk of misinterpreting degenerative osteophytes
as syndesmophytes. More subtle findings, such as backfill and
transdiscal ankylosis, may escape detection. In fact, backfill can
lead to erosion disappearing in the SlJ assessment and might
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» Fig.6 Magnetic resonance imaging and computed tomography example of the sacroiliac joints (SlJs) in a patient with axial spondyloarthritis with
partial ankylosis on the right side (white arrowheads) and initial new bone formation on the left side (black arrowhead). No bone marrow edema is

seen in the STIR sequence.

contribute to the number of patients that show a reduction of
sacroiliitis grading in therapy studies [60]. For this reason, X-ray
is the modality with the lowest sensitivity and specificity. Unlike
CT, radiography is not recommended for the assessment of the
thoracic spine because its reliable interpretation is impeded by
superposition of the ribs and other anatomy. However, studies
show that the thoracic spine is most frequently affected by axSpA
and that not only syndesmophytes but also erosion and ankylosis
of costovertebral and facet joints are common findings [61].
Therefore, according to the related guidelines, an X-ray examina-
tion of the spine should not be performed routinely during the
course of the disease, but rather on an as-needed basis [8]. There
is one additional role for radiography in the diagnostic process.
Grading according to the modified New York Criteria was only
demonstrated for X-ray examinations. Therefore, the differentia-
tion between two more or less distinct representations of axSpA,
namely radiographic axSpA (i. e., axSpA with definite structural
changes in radiography) and non-radiographic axSpA (i. e., axSpA
without such changes) relies on radiography [62]. This is primarily
a historical classification, involving mainly regulatory aspects for
initiation of treatment. Furthermore, several scoring methods
have been proposed to evaluate radiographic progression in
ankylosing spondylitis. Among them, for example, is the “Stoke
Ankylosing Spondylitis Spinal Score” (SASSS), which includes a
detailed assessment of the posterior and anterior vertebral body
edges of the lumbar spine using a scale ranging from 0 to 72
[63]. The SASSS modified by Creemers et al. (mSASSS) [64], which
includes only the anterior region of the lumbar spine and addi-
tionally the cervical spine, has become more widely accepted
[65].

MRI

MRI has been increasingly used for the early diagnosis of axSpA,
with the hypothesis that acute inflammation precedes structural
bone lesions. However, its ability to depict structural lesions was
controversial until very recently [59]. The main reason is that a
conventional T1-weighted pulse sequence cannot visualize bone
directly but only indirectly via the signal from the bone marrow.
This often results in mostly overestimation of erosions and syn-
desmophytes, which are often not surrounded by fat, and new
bone formation without marrow signal is hard to differentiate
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from ligament structures, which all appear black in standard
sequences [66]. There has been some effort to overcome these
limitations by generating CT-like images from MRI [67], although
no technique has yet gained acceptance for use in the clinical
routine. This is also the reason why most clinical studies and
standard follow-up protocols tend to use both MRI and X-ray for
a complete assessment of structural and active inflammatory
lesions of the SlJs and spine.

Unlike X-ray, MRI allows reliable visualization of backfill and
(transdiscal) ankylosis. Both follow inflammatory lesions of the
cartilage or affected disc. In the diagnostic process of axSpA, MRI
is also recommended in patients with suspected axSpA and with,
however, unremarkable X-ray of the SI|. Moreover, the use of MRI
in patients with confirmed axSpA and back pain will be performed
in a complaint-oriented manner to detect inflammatory changes

(8.

cT

CT is the reference standard for direct bone imaging. Its thin slices
and high spatial resolution clearly depict the complex anatomy of
the SlJs, allowing structural pathologies to be more clearly
assigned. For example, syndesmophytes can be visualized more
accurately than with either radiography or MRI [68, 69]. CT thus
also allows a reliable differentiation from purely degenerative
changes, such as spondylophytes. Furthermore, facet and
costovertebral joints are also visualized with a significantly higher
degree of accuracy. Structural changes can also occur here in the
context of axSpA, which are not clearly visualized on MRI or X-ray,
and therefore, are not yet the focus of imaging publications.
Furthermore, CT also allows reliable assessment of subtle changes
in the joints. Backfill, which eludes detection on X-ray, can be
identified on CT scans as faintly calcified tissue.

Recent technical advances significantly reduce radiation expo-
sure, thus allowing more frequent use of this technique in the
rather young patient population with axSpA [57, 70]. However,
standard CT techniques are not sensitive to active inflammation,
and dual-energy CT or comparable techniques are neither well
investigated, nor can they be performed with similarly low doses
[57]. In clinical practice, CT has been mostly reserved for patients
with equivocal MRI findings.

Ulas ST et al. New Bone Formation... Fortschr Rontgenstr 2024; 196: 550-559 | © 2023. The Author(s).



PET in combination with CT or MRI

Several studies assessed the role of positron emission tomography
(PET) for identifying both inflammatory and structural changes in
axSpA imaging. PET can provide more insight into the underlying
metabolic processes in the bone and joints. For example, several
studies suggest that 18F-fluoride PET/MRI provides information
on metabolic processes such as osteoblast activity, which in turn
can be used as a predictor of syndesmophyte formation [71, 72].
Another study has investigated FAPI PET-CT (fibroblast activation
protein inhibitors) to distinguish inflammatory and fibrotic activ-
ity [73]. While offering new possibilities for the early detection of
tissue transformation, PET is still confined to research and has no
role in routine clinical practice.

Conclusion

In this review we discussed the different types of new bone forma-
tion in patients with axSpA and their clinical relevance. Several
imaging techniques are available to assess new bone formation,
each with its specific strengths and weaknesses. New bone forma-
tion is considered the hallmark imaging finding, distinguishing
spondyloarthropathies from other inflammatory conditions of
the skeleton. However, examiners must be aware of other impor-
tant conditions that mimic new bone formation in the context of
axSpA. For this reason, the reliable identification of these findings
is essential to gain crucial information on possible differential
diagnoses and the response to treatment. Therefore, it is impor-
tant to realize under what conditions the development of new
bone formation should be regarded as healing of erosion or as
persistent subclinical inflammation and disease progression. In
this context, MRl and CT are particularly suitable to detect
structural lesions and will gain more importance in the imaging
of axSpA in the near future.
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