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Introduction

Synovium in joints, tendons and bursae

A joint consists of two bones that together form an articulation. In general the
goal is movement and flexibility of the body. Generally joints are synovial lined,
such as the large multidirectional joints of the shoulders and hips, and the
unidirectional joints of the fingers. In addition there are fibrous and cartilaginous
joints that are more stable, such as the sutures connecting the skull bones, and
the symphysis. The synovial joints are the main focus of this thesis. There are
several characteristic features to a synovial joint. First, it contains a layer of
cartilage that covers the articulating surfaces. Secondly, a joint capsule is present
consisting of an inner synovial membrane and an outer fibrous membrane. The
synovial membrane attaches to the margins of the joint surfaces and encloses
the articular cavity. It produces synovial fluid to lubricate the articulating surfaces.
A synovial membrane can also be found outside the joint capsule, where closed
sacs of synovial membrane form tendon sheaths and bursae (Figure 1).(1) The
synovial tendon sheath, also referred to as tenosynovium, surrounds the tendon
and serves to reduce friction by providing a smooth gliding surface, this helps to
prevent tendon injury at locations where there is excessive movement or bone.
(2,3) Not all tendons have a synovial sheath, for example it is absent at the Achilles
tendon.(4) Other structures that can be found near joints are the bursae, that
occur primary or secondary to friction. Primary bursae are native synovium-lined
structures closely related to bone and tendon sheaths. They lie between tendons
and overlying structures, like bone, where they serve to reduce the friction of one
structure moving over the other.(2) Secondary non-native bursa, also referred
to as adventitious bursae, form at sites of friction, for example neobursa after
upper leg amputation and friction with the prosthesis. Unlike the primary bursae,
adventitious bursa do not have a synovial lining.(S) Normailly, only a small amount
of fluid is present in a native bursa, but this increases in case of synovitis and can
become symptomatic.

The small joints of the hands and feet are examples of synovial joints that are
surrounded by tendons that may or may not have a synovial tendon sheath,
dependingonthelocation.(6-10) At the smallhandjoints, the metacarpophalangeal
(MCP)-joints, a sheath is present around the flexor tendons, but believed to be
absent around the extensor tendons.(11) Regarding the small foot joints, the
metatarsophalangeal (MTP)-joints, there is no consensus in anatomic literature
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Figure 1. Example of a synovial joint with adjacent synovium-lined bursa and tendon.
Synovial membranes are shown in blue. Adjusted from Gray’'s anatomy for students.(1)

on the presence or absence of tendon sheaths. On the extensor side of the MTP-
joints, some sources portrayed extensor tendons without sheaths,(8-10) while
other sources neglect to provide information on this region.(6) Regarding the flexor
tendons at MTP-joints, there is controversy between sources: in some sources a
sheath is described that is solely fibrous,(7) in another example it is described as
both fibrous and synovial,(10) while other sources did not provide information on
the matter.(8,9) The anatomical presence of tendon sheaths at the MTP-joints
thus remains unclear. (Figure 2)

With regards to bursae, anatomic literature does not mention their presence at the
MTP-joints, even though histopathologic studies have pointed out their presence
in all intermetatarsal spaces.(12,13) Thus while the presence of synovial tendon
sheaths and bursae is seen as a characteristic feature of synovial joints,(1) their
presence at the MTP-joints seems overlooked. The MTP-joints will be the main
focus of this thesis, synovial extra-articular structures at these joints, i.e. tendon
sheaths and bursae will also be studied.
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Figure 2. Anatomic absence of tendon sheaths in the forefoot according to anatomic literature.
A: plantar view of the forefoot with flexor tendons. 1: tendon of the m. flexor hallucis longus, 2-5:
tendons of the common mm. flexor digitorum longus (FDL) and common flexor digitorum brevis
(FDB). Proximally the four tendons of the FDL run deep from under the FDB muscle (6) and extend
distally together with the FDB tendons. The tendon of the FHL (1) proximally runs deep from
under the musculus abductor hallucis (7) and the FDB. B: dorsal view of the forefoot with extensor
tendons. The tendon sheaths are shown according to anatomic literature: the tendon sheaths of
the tibialis anterior, extensor hallucis longus (I) and extensor digitorum longus tendons (lI-V) end
proximal of the MTP-joints. Adjusted from Netter's atlas of Human Anatomy.(8)

Relevance of anatomic knowledge in the interpretation of imaging
Anatomical knowledge is a fundamental component for the interpretation of
medical practice and science. The general assumption is that every part of us that
can be seen with the naked eye has already been discovered. However, ways of
viewing the body change due to advances in imaging techniques, such as MRI1.(14)
Through advanced imaging we bring into view progressively finer detail within the
human body that pose new questions on how to interpret what can be seen. This
in turn may increase our anatomical knowledge, as advanced imaging may lead to
the discovery of structures that have previously not been described in anatomic
literature.

Examples of this can be found in the rheumatologic field. Historically, rheumatoid

arthritis (RA) is a disease that is characterized by inflammation of the synovial
lining of the joints. In addition, it is known that inflammation of the tenosynovium,
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referred to as tenosynovitis, can also occur. Tenosynovitis can clinically be found in
patients with active, longstanding RA, and predisposes the risk of tendon rupture.
(15) Recent detailed imaging studies of the hand have revealed that subclinical
tenosynovitis can also be found in the early phases of RA.(15,16) However, MRI-
detected inflammation is seen around tendons with, but also around tendons that
are believed tolack atenosynovial sheath, according to anatomic literature, referred
to as peritendinitis.(11) This peritendinous enhancement may be seen with orwithout
local synovitis, and thus represents more than just a secondary peritendinitis due
to synovitis.(11) Anatomic literature does not always provide references on how
its images are realized. In addition, there are inconsistencies between and within
anatomical reference texts.(14,17) It may thus seem justifiable to revisit previous
assumptions. Regarding the MTP-joints, MRI-detected inflammation around
tendons has been described at the MTP-joints in patients with RA.(18) As stated,
current anatomic literature does not provide clear information on the presence or
absence of tendon sheaths that is necessary for the interpretation of these MRI-
findings. Therefore, anatomical studies are warranted: if these reveal the presence
of a tenosynovium, these MRI-findings can be interpreted as tenosynovitis. This
way, as advanced imaging gives us an increased interest in anatomy, in turn, new
anatomic findings may then increase our understanding of advanced imaging,
and ultimately of disease. As imaging findings may challenge anatomic research,
this in turn may lead to revision of the classic textbook images.

Rheumatoid arthritis

RA is a systemic autoimmune disease that is characterized by chronic, persistent
inflammation of synovial joints. In Caucasians, its prevalence is 0.5-1%. It affects
women more often than men, and its incidence increases with age. Uncontrolled, it
can result in erosive joint damage, disability and an increased mortality.(19)

The classic presentation of RA is a symmetrical polyarthritis that involves the
small synovial joints of hand and feet, with joint pain, stiffness and swelling. A
variety of symptoms can be present, and no single symptom is specific for RA.
Importantly, no diagnostic criteria for RA exist. Therefore the diagnosis is made
by the rheumatologist based on a combination of clinical findings and additional
investigations, such as laboratory tests and imaging.(20)

For research purposes, classification criteria are used to create relatively

homogeneous groups of patients. Throughout the years different classification
criteria have been held for RA. Previous classification criteria such as the 18987
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ACR criteria were developed for established RA, and included radiographic
erosions and rheumatoid nodules. In the last decades, substantial advances in
the management of RA have been made, as it has become apparent that early
treatment with disease modifying anti-rheumatoid drugs (DMARDs) improves the
outcome of disease. Therefore more recently, the 2010 ACR/EULAR classification
criteria have been established to allow the selection of patients in an earlier
disease stage.(21) In these 2010 criteria, findings of established disease such as
rheumatoid nodules and radiographic erosions are no longer included, and acute
phase reactants and auto-antibodies that are associated with RA are included
and are weighed heavily. It is important to note that these classification criteria
can only be applied to patients with a clinical diagnosis of RA.(Table 1)

In clinical practice and trials disease activity in RA is assessed by composite
indices, like the Disease Activity State (DAS). The original DAS includes a 44 swollen
joint count.(22) For reasons of convenience, a reduced DAS, the DAS28, has been
introduced that assesses 28 joints by excluding evaluation of ankle and foot joints.
And thus, even though the feet are a preferential location of involvement in early
arthritis, they are excluded from this important outcome measure. Previously
it was shown that the practicality of the reduced 28 joint count comes at the
cost of accuracy, as the DAS28 underestimates disease activity, particularly in
patients where the ankle and foot joints are affected.(23) Indeed, tenderness and
swelling of foot joints was found in a substantial number of RA-patients who were
considered to be in the state of remission.(24) It has been suggested that,given
the high burden of foot complaints and the imminence of walking disability, a
more attentive attitude to forefoot inflammation in outcome studies in RA seems
justifiable.(25)

The role of imaging in RA

Imaging is used for several purposes in the management of RA, including diagnosis,
prognostication, disease monitoring and also as an outcome measure in trials.
(26) On conventional radiographs joint of hands and feet damage is measured
by erosions and joint space narrowing. Radiographic studies have revealed that in
the early phases of disease erosive change is more common in the feet than in the
hands.(27,28) Traditionally, erosive change is considered an important outcome
measure. However in case of prompt treatment patients have limited bone and
joint damage that can be detected by radiographs. Therefore MRI and ultrasound
are gaining more recognition in the management of RA, as they are more sensitive
in detecting damage and in addition allow visualization of inflammation of soft
tissues.(26)
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Table 1. Classification criteria for Rheumatoid Arthritis

Revised ACR 1987 criteria 2010 ACR/EULAR criteria

Morning stiffness 2 1 hour Joint involvement

Arthritis 23 joint areas - llarge joint (0)

Arthritis of hand joints - 2-10 large joints (1)

Symmetric arthritis - 1-3 small joints (2)

Rheumatoid nodules - 4-10 small joints (3)

Presence of RF ->10 joints, including at least 1 small joint (5)
Radiographic changes (erosions) Serology

- ACPA and RF negative (0)

- Low-positive ACPA or RF (2)

- High-positive ACPA or RF (3)

- Acute-phase reactants

- Normal CRP and ESR (0)

- Abnormal CRP or ESR (0.5)
Duration of symptoms

- <6 weeks (0)

- 26 weeks (1)

4/7 criteria must be present to fulfil criteria 6/10 points must be present to fulfil criteria

ACR: American college of rheumatology; EULAR: European league against rheumatism;
RF: rheumatoid factor; ACPA: anti-citrullinated protein antibodies; CRP: c-reactive protein;
ESR: erythrocyte sedimentation rate.

MRI and ultrasound both show synovitis and tenosynovitis. A unique feature of
MRl is its capability to detect change in the bone marrow described as osteitis or
bone marrow edema (BME). All three features are considered to be inflammatory
in nature. Both ultrasound and MRI have advantages and disadvantages.
Ultrasound is easily accessible but is operator dependent, and while MRI is more
expensive it is generally considered to yield more reproducible results. Finally MR
is more sensitive than ultrasound in detecting tenosynovitis and synovitis.(29,30)

Because of the advantages of MR, is it increasingly used for research purposes. As
the complexity and the amount of information provided by MRI pose a challenge,
the OMERACT MRI RA Working Group has developed a scoring system: The RA
MRI scoring system (RAMRIS) that scores erosions, synovitis and BME. It was
developed to standardize MRI-scoring of the smalll joints of the hands for research
purposes and is recognized as a valid outcome measure in trials.(31) Regarding
the development, application and validation of this MRI-score, only the small joints
of the hands were addressed. The MTP-joints, however, have been neglected.(32)
In addition to the RAMRIS a score was developed by Haavardsholm that scores
tenosynovitis.(33)
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Regarding imaging of the feet, radiographic studies have revealed the important
added value of imaging the feet to the hands.(34) Regarding MRI this has not been
evaluated, although MRI findings may be as prevalent at MTP-joints as the hands.
(18,35) It would therefore be of interest to study the added benefit of MRI of the
foot to that of the hand.

Aims and outline of this thesis

RA is an evolving disease, where patients nowadays are treated early in the
disease course. Because of the shift to treat early disease phases, MRI has gained
increased recognition and is increasingly utilized. And while RA is a disease were
the small joints of both the hands and feet are involved, the focus in research has
primarily been on involvement of the hands, as the DAS28 excludes the feet and
the RAMRIS is not even validated for the MTP-joints. Perhaps most surprisingly,
even anatomic literature seems to be incomplete when it comes to the description
of the normal anatomy of the feet.

Therefore, this thesis has three general aims:

- Tovalidate the use of the RAMRIS for MRI of MTP-joints

- To increase understanding of the anatomy of soft tissues in the forefoot
and to study its involvement in RA by MRI

- To study the association of MRI-detected inflammation at the MTP-joints
to clinical outcomes

All studies in this thesis were performed using the Leiden Early Arthritis Clinic (EAC).
This is a longitudinal inception cohort that contains consecutive included patients
that present to the rheumatology outpatient clinic of the Leiden University Medical
Center with clinically confirmed arthritis and a symptom duration of <2 years.(36)
At baseline, swollen joint counts were performed, serum samples were obtained,
and an MRI of a unilateral hand and foot was performed. All patients were naive
to DMARDs at the moment of inclusion in the cohort, and patients received regular
rheumatologic care. It is important to note that the results of the MRI were blind
for the treating physician.

To provide an overview of studies available on the application of the RAMRIS on
MRI of the MTP-joints, a systematic literature review was performed in chapter
2. The aim of this review was to summarize studies evaluating the validity of the
RAMRIS applied to MRI of the MTP-joints according to the OMERACT Filter criteria:
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Truth, Discrimination and Feasibility. Truth is further subdivided into Face, Content
and Construct validity. Discrimination is divided into test-retest reliability, ability
to discriminate in trials, longitudinal construct validity and thresholds of meaning.
Finally a research agenda was set. In subsequent chapters of this thesis, we aimed
to resolve some of the items from this research agenda.

An important aspect of Discrimination is the reliability of scoring.(37) Therefore, in
chapter 3 we studied whether applying the RAMRIS to the MTP-joints is reliable. As
the focus in rheumatology is shifting from established erosive RA to early arthritis
and even to patients with arthralgia that are suspect to progress to arthritis,(38)
this study was performed in patients with early arthritis and also in patients with
clinically suspect arthralgia without apparent arthritis upon physical examination.

As part of Face and Content validity it is important that MRI is able to capture
the intended pathophysiological feature.(39) In the case of tenosynovitis, the
pathophysiological feature is the synovial sheath surrounding the tendons. Besides
that anatomic literature leaves it undetermined if tendons at the MTP-joints have
a synovial sheath,(6-10) it is also unknown whether tenosynovitis at the MTP-joints
is associated with RA. In chapter 4 we therefore studied the anatomical presence
of a tenosynovium of the tendons at the MTP-joints in an anatomical study. The
main goal of this was clarify whether MRI-detected contrast-enhancement around
the tendons can be interpreted as tenosynovitis. Subsequently the association of
these MRI-lesions with RA was studied in alarge cross-sectional study in patients
with early RA.

Besides classic MRI-inflammation defined by synovitis, tenosynovitis and
BME, other MRI findings have gained little attention. Intermetatarsal and
submetatarsal areas may be involved in RA and reveal abnormalities on MRI such
as intermetatarsal bursitis, Morton’'s neuroma and submetatarsal bursitis.(40) In
chapter 5 we therefore studied the occurrence of these lesions in early RA.

Next, Construct validity was assessed by studying MRI with physical examination
and disability as clinical outcomes. Physical joint examination for swelling is a crucial
element in the assessment of the clinical status of RA-patients. However, physical
examination of the MTP-joints is generally considered difficult.(41) Therefore in
chapter 6 the association of arthritis upon physical joint examination and MRI-
detected inflammation at the MTP-joints was assessed. In addition, in RA-patients
walking disabilities are commmon,(42) therefore in chapter 7 we studied whether
walking difficulties were associated with MRI-detected inflammation.
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The value of MRI-detected inflammation of the MTP-joints to recognize patients
that will develop RA is still unknown. In addition, in clinical practice, radiographs
of both hands and feet are obtained as previous studies have shown that this
combined assessment provides better sensitivity and specificity than the hands
and feet alone.(43) In analogy to conventional radiography, a combined hand and
foot MRl score might state an important advancement to the present RAMRIS that
only images the hand. For Feasibility, it is important to know whether imaging of
the foot is of additional value to the hand, as it prolongs the scan time and thereby
costs. Therefore in chapter 8 we aimed to answer both questions: first we studied
whether MRI-detected inflammation of the foot is predictive for RA-development.
Secondly we studied whether combining MRI-detected inflammation of the foot to
that of the hand is of additional value.

Chapter 9 consists of a summary and general conclusions of the studies performed

in this thesis. In chapter 10 the summary and general conclusions are provided in
Dutch.
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