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Abstract 
 

 

Introduction 

Ultrasound of joints and tendons is a useful tool in the diagnosis of early inflammatory arthritis. 

Advances in ultrasound technology in recent years have resulted in better resolution images, 

facilitating the detection of minimal musculoskeletal structural abnormalities including low 

grades of synovial hypertrophy, power Doppler signal and joint effusions. However, currently 

there is no definitive guidance as to what extent these changes may be due to inflammatory 

arthritis, or how much they are due to the normal ageing process. 

 

Methods 

Systematic literature review (SLR): Pubmed, Medline and EMBASE databases were searched: 

ultrasound, hands, feet, wrists, metacarpophalangeal, metatarsophalangeal, metacarpal, normal, 

healthy, control, synovial, hypertrophy, Doppler or synovitis. Two independent groups of 

reviewers assessed the abstracts and subsequent full papers.  

 

Ultrasound of healthy subjects across the age range:  Healthy adults (age 18 to 80 years) were 

recruited in 23 international centres with exclusion criteria: joint pain, hand osteoarthritis and 

history of inflammatory arthritis. Selected joints and tendons in hands, wrists and feet were 

scanned and graded according to a recent Outcome Measures in Rheumatology (OMERACT) 

consensus. Data from a comparison cohort of Rheumatoid Arthritis (RA) patients were taken 

from the Birmingham Early Arthritis Inception Cohort (BEACON). 

 

 

Ultrasound findings in patients with clinically suspect arthralgia: The BEACON database 

was searched for patients with a baseline diagnosis of inflammatory arthralgia or clinically 
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suspect arthralgia (CSA) who underwent routine ultrasound of selected hand, wrist and foot 

joints and tendons at time of enrolment, and had 24 month follow up. 

 

Results 

SLR: In the 19 full papers included there was considerable heterogeneity in recruitment and 

definitions of HS, and in the reporting of ultrasound data. This has made it difficult to draw 

firm conclusions from the evidence gathered in this systematic literature review. 

 

Ultrasound of healthy subjects across the age range: 954 healthy subjects were scanned with 

a mean age of 44.4 years old. There were significant differences in proportion of grade ≥1 

synovial hypertrophy (SH) in metacarpophalangeal joints in older age groups. Prevalence of 

power Doppler grade ≥1 in all joints was low across the age range. There was variability in 

prevalence of grade ≥1 SH in wrist and metatarsophalangeal (MTP) joints between recruiting 

centres, leading to a reliability exercise and creation of new wrist and MTPJ ultrasound atlases. 

In the digit flexor and extensor carpi ulnaris tendons there was very low prevalence of 

ultrasound abnormalities with 85% of healthy having grade 0 for all tenosynovial hypertrophy 

(TSH), power Doppler (TPD) and effusion, with no significant differences across the age range. 

A comparison cohort of 144 RA patients was compared with a group of age- and sex-matched 

HS with significant difference in the proportion of TSH and TPD involvement between HS and 

RA subjects (p<0.001).  

 

Ultrasound findings in patients with clinically suspect arthralgia: 43 patients with CSA at 

baseline diagnosis with 24 month BEACON follow up were included. Positive Rheumatoid 

factor was associated with development of inflammatory arthritis at 2 years, and ACPA 

positivity was significantly associated with progression to RA within 2 years (p<0.05). There 
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was significantly more grade ≥1 SH in MCPJ 2 and 3 in those patients that progressed to an 

inflammatory arthritis by 24 months follow up (p<0.05). 

 

 

Conclusions 

This study provides a large amount of ultrasound data on selected joints and tendons for healthy 

subjects across the age range, and should provide a large control cohort to help further 

Rheumatology ultrasound research. 
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1 GENERAL INTRODUCTION 
 

 

1.1 Inflammatory arthritis 

Inflammatory arthritis (IA) is an umbrella term for a range of conditions that feature chronic 

joint pain, warmth and swelling caused by uncontrolled synovial proliferation. Inflammatory 

joint pain is often associated with early morning stiffness (lasting 60-120 minutes), pain 

improving with movement, a diurnal variation with symptoms worse in the mornings, and 

restricted range of movement of joints. These conditions are often multi-systemic and may 

affect a wide range of other organs including the skin, lung, heart, eye, kidney, gastro-intestinal 

system and nervous system. They can be a cause of premature ischaemic heart disease1 and 

linked to cancers either from the condition itself or as a consequence of medication.2 IA may 

be crystal-mediated, infection-related, autoimmune-mediated in its own right or related to other 

autoimmune diseases. 

 

Rheumatoid arthritis is the most common chronic inflammatory arthritis, and is the primary 

condition treated by Rheumatology clinicians with a UK prevalence of around 1%.3 The most 

common inflammatory arthritis is gout, mediated by monosodium urate deposits, affecting 

2.49% of the UK population.4 Other common types of inflammatory arthritis include the 

following: psoriatic arthritis with a prevalence of 0.19% in the general UK population, and 

8.6% in patients with confirmed skin psoriasis;5 axial spondyloarthritis with a prevalence of 

0.5%;6 systemic lupus erythematosus with approximately 0.01% prevalence;7 and enteropathic 

arthritis related to inflammatory bowel disease has a prevalence of around 0.7%.8 Reactive 

arthritis has an incidence 0.6 to 27 per 100,000 population9 and is often triggered by gastro-

intestinal or genito-urinary infections; it is most common in males in their 20-30s and is usually 

self-limiting but up to half may go on to have chronic inflammatory arthritis. 
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1.2 Pathophysiology of Rheumatoid arthritis 

The causes of Rheumatoid arthritis are multifactorial and encompass both genetic factors such 

as HLA-DR1 and HLA-DR4, and environmental factors such as cigarette smoking,10 diet,11  

and viruses.12  The gut microbiome is currently a huge area of research for its role in the 

development of inflammatory arthritis.13 The presence of specific auto-antibodies such as 

Rheumatoid Factor (RF),14 anti-citrullinated protein antibodies (ACPA),15 and Anti-Acetylated 

Peptide Antibodies16 are associated with the development of inflammatory arthritis in 

asymptomatic subjects, and with more severe disease manifestations in clinically evident RA.  

 

A combination of these factors may trigger the immune system to initiate a cascade of pro-

inflammatory cytokines. One target of this response is the synovium of the joint, the membrane 

of connective tissue lining the joint capsule. This causes proliferation and hyperplasia of the 

synovium, and an increase in synovial fluid within the joint space. This is termed “synovitis”, 

which if sufficiently severe leads to visible and palpable joint swelling. Synovitis in RA is 

caused by complex inter-cellular interactions within the synovium involving T cells, B cells, 

macrophages, and dendritic cells, with activation of pro-inflammatory pathways and cytokines.  

Over the last twenty years the mediators of this immune response have become targets for 

biological therapeutic agents such as anti-TNF alpha,17 anti-B cell therapies,18 anti-IL 6R19 and 

JAK kinase inhibition.20 The fibroblast is another type of constituent cell of the synovium, 

producing collagen and extracellular matrix, and is thought to also drive inflammation in 

arthritis. Recent research has identified fibroblast subsets responsible for more severe 

inflammatory arthritis which may thus represent future treatment targets.21  
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1.3 Osteoarthritis 

Osteoarthritis (OA) is the most common form of arthritis with approximately 10% of adults in 

the UK having a formal diagnosis and symptoms.22 OA is distinct from RA and has a complex 

aetiology involving mechanical, genetic and hormonal factors. One of the predominant 

pathological features of osteoarthritis is the formation of new bone osteophytes at the marginal 

aspects of the joint.23 Localised synovial proliferation may be seen in osteoarthritis.24 However 

attempts to treat the inflammatory features of osteoarthritis with immunosuppressants 

traditionally used to treat Rheumatoid arthritis such as Hydroxychloroquine,25 Methotrexate,26 

or anti-TNF27 have not been found to be significantly effective. The high prevalence of 

osteoarthritis, especially in the older population, means that it must be considered as a 

differential cause of joint pain, swelling and bony changes.  

 

1.4 Presentation of rheumatoid arthritis 

Rheumatoid arthritis (RA) most commonly presents between the ages of 40-70 years28 but can 

present at a younger age.29 It is a multisystem autoimmune disease but most classically causes 

a polyarthritis in a symmetrical distribution affecting metacarpophalangeal, proximal 

interphalangeal, wrist, elbow, shoulder, knee, ankle and metatarsophalangeal joints. It also 

commonly affects peri-articular tendons, particularly the digit flexor tendons of the hands and 

extensor carpi ulnaris tendons of the wrists. Diagnosis of RA is made by history, clinical 

examination, blood tests for inflammatory markers such as C reactive protein (CRP) and 

erythrocyte sedimentation rate (ESR), and the presence of the autoantibodies Rheumatoid 

Factor (RF) and / or Anti-Citrullinated Protein Antibodies (ACPA). Imaging may also support 

the diagnosis of RA in the form of peri-articular erosion on x-rays, or evidence of synovitis on 

musculoskeletal ultrasound (MSUS) or magnetic resonance imaging (MRI).  
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RA may present acutely, insidiously or in a palindromic fashion. It can be associated with a 

wide range of systemic symptoms such as early morning stiffness, fatigue, fever, weight loss 

and paraesthesia. RA may have not fully evolved in to a classical presentation fitting 

EULAR/ACR classification criteria 30 when patients first present to healthcare professionals. 

 

1.5 Classification Criteria for Rheumatoid Arthritis 

 

Rheumatoid arthritis may have been first described by Hippocrates31 who wrote of a 35 year 

old patient with rapidly progressive arthritis affecting hands and feet, then going on to involve 

large joints. The first recognised medical report of RA was in a 1800 dissertation by the French 

physician Jacob Landre-Beauvais who observed a pattern of arthritis distinct from gout, which 

was more frequent in female patients from lower socio-economic backgrounds.32 Major 

developments in the diagnosis of RA have been made over the last 80 years including the 

discovery of an antibody in 194033 which was later found in patients with RA in 1948 and hence 

called ‘Rheumatoid factor”.34 35 

 

In 1956, the American Rheumatism Association (ARA) published diagnostic criteria36 for RA, 

with the intention of improving accuracy of diagnosis of RA, medical education and 

communication, and to reduce the variability of RA diagnosis between different research 

centres. These criteria were revised 30 years later by the ARA in 1987 to distinguish RA from 

other rheumatological conditions, as over the years there had been advancements in other 

diagnoses such as HLA-B27 positive spondyloarthropathies37-39 and calcium pyrophosphate 

deposition disease.40 These 1987 ARA revised RA criteria41 were determined by comparing 
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almost double its sensitivity (25% vs 44%) for detecting early RA at more than 6 months since 

onset of symptoms.47  

 

 

The prevalence of ACPA in the general population is 0.8% when RA patients are excluded (1% 

including RA patients), and is more common in smokers, older people and those with joint 

problems51 compared to 5% of general population having RF positive at low titres.52-54 ACPA 

may be present in patients with other Rheumatological conditions such as Sjogrens,55 SLE56 

and scleroderma 57 but in lower prevalence compared to RA. The prevalence of RA in the UK 

population is approximately 1%.58  

 

 

The 1987 criteria contain the radiographic presence of erosions, which were seen in up to 60% 

of patients within the first 12 months of presentation before the 2010 RA classification criteria 

were published.59 Presence of bone erosions in RA have been found to be predictive of more 

severe disease with high morbidity and mortality,60-62 but the focus should be on earlier 

diagnosis and treatment of RA before formation or progression of erosions to reduce long term 

damage.63 The 2010 RA classification criteria30 recommends the automatic diagnosis of RA if 

“classical” RA erosions were present, which were later defined as cortical breaks seen on xrays 

in three separate sites including proximal interphalangeal joints, metacarpophalangeal joints, 

wrists and metatarsophalangeal joints.64  

 

The1987 RA criteria also includes the clinical presence of Rheumatoid nodules. Although these 

may occur early in the disease course of RA, they are much more commonly see in Seropositive 

RA,65 potentially meaning more patients with seronegative RA are missed or have delayed 

diagnoses if these criteria are used. The 2010 classification criteria has led to more seronegative 
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RA patients being included in trials, with research suggesting that seronegative RA is not a 

milder form of the disease so aggressive early therapy is also needed in these patients.66  

Treat to target describes the approach of aggressively managing RA, aiming for disease 

remission67 with treatment earlier in the disease course being important to reduce disease 

burden later on.68 The 2010 classification criteria has helped to capture more of these early 

patients. Further advances in diagnosis such as ultrasound may support early recognition of RA 

patients and initiate therapy to lessen future morbidity. 

 

1.6 Early inflammatory arthritis 

 Early inflammatory arthritis is often thought of as IA within 12 months of onset of symptoms.69 

During this period if patients have an inflammatory arthritis without a precise diagnosis meeting 

specific classification criteria it may be termed undifferentiated inflammatory arthritis (UIA). 

Approximately 50% of patients with UIA will spontaneously resolve within weeks to months 

and a third will go on to develop RA.70 NICE guidelines recommend Rheumatology assessment 

and initiation of disease modifying anti rheumatic drugs within 3 months of onset of persistent 

symptoms.71   

 

Inflammatory arthritis may also present with inflammatory type joint pain but with an absence 

joint swelling on clinical examination. This is termed clinically suspect arthralgia (CSA), and 

much research is ongoing into which clinical, serological and radiological features may predict 

patients who go on to have persistent RA or those who spontaneously resolve, and how to 

induce remission.72 



 

 

26 

 

1.7 Importance of early initiation of RA treatment  

Inflammatory arthritis in its early stages is still not fully understood, and may be self-limiting 

with full resolution within months73 or evolve into established and persistent inflammatory 

arthritis such as RA. Before the introduction of modern conventional synthetic disease 

modifying anti-rheumatic drugs (csDMARDs) and biologic DMARDs, patients with RA 

followed up for 20 years had a mortality from RA of 35%, and severe disability was seen in 

20%.74  Inadequately controlled RA may also be a factor in loss of employment, with up to a 

third of patients having work disability 5 years after diagnosis.75 Over the last 15 years there 

has been an increasing emphasis on treating inflammatory arthritis within the first 3 months of 

onset of symptoms, because early initiation of DMARDs may result in less severe disease76 or 

prevent the progression of arthritis from its early undifferentiated stage where it may still self-

resolve on to persistent RA.77 In those patients who go on to have persistent RA, treatment 

within 3 months of onset of symptoms is associated with better prognostic, functional, 

socioeconomic and radiographic outcomes,78 with evidence that bone erosions causing 

irreversible joint damage can form early on.79 Therefore research into helping clinicians 

diagnose and treat patients at risk of or in the early stages of developing RA is important. 

 

1.8 Clinical measurement of disease activity and monitoring of inflammatory arthritis 

The clinical decision to initiate, change, taper or stop DMARDs in patients with inflammatory 

arthritis is guided and supported by a variety of means of clinical assessment, examination and 

investigations. These tools also help to determine success or failure of interventions in clinical 

research. Patient questionnaires are used to assess level of patient reported pain, duration and 

severity of early morning stiffness, fatigue and global overall health score. Blood tests for 

inflammatory markers (e.g. CRP and ESR) are helpful if raised and if no signs or suspicion of 

infection. However, inflammatory markers may be normal in active IA.80 The primary method 



 

 

27 

 

used by clinicians to assess for presence or extent of inflamed joints is by clinical examination 

of tender and swollen joints which may be part of the DAS 28 (Disease Activity Score) which 

includes data from an assessment of 28 joints, or other variants including 44 joints and the more 

comprehensive 66/68 joint count.81 

 

1.9 Use of ultrasound in Rheumatology  

Clinical examination alone may not always detect active joint inflammation, especially when 

present at a low level, and imaging may be used in conjunction with patient questionnaires and 

blood tests to assess disease activity. Imaging has long been used in Rheumatology to aid 

diagnosis and assess disease damage with plain radiographs detecting erosions and peri-

articular osteopenia. Whilst plain radiographs can assess damage to bone and cartilage, newer 

imaging modalities such as ultrasound and MRI are able to identify inflammation in the 

synovium, tendons and tendon sheaths, before irreversible structural damage occurs.82  

 

Musculoskeletal ultrasound is being increasingly used in routine Rheumatology practice. It is 

used to identify changes of inflammation and damage in the joints, and is more sensitive than 

clinical examination and conventional radiography.83 It may support clinical decision making, 

meaning that inflammatory arthritis may be diagnosed earlier.84-87 The adoption of the 2010 RA 

classification criteria30 has led to more severe seronegative inflammatory arthritis being 

diagnosed as RA, so ultrasound may help to diagnose milder or earlier presentations of 

seronegative RA, and to determine the true extent of disease activity in treated established 

inflammatory arthritis. Use of ultrasound in Rheumatology may help guide treatment tapering, 

withdrawal88 or escalation, although this is controversial. 89 
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Magnetic resonance imaging (MRI) is more sensitive than ultrasound because it can detect bone 

marrow oedema, but the use of ultrasound may be comparable in finding erosions and 

tenosynovitis in early inflammatory arthritis.90 91 Some structures are less easy to visualise on 

MSUS as it cannot penetrate bone, and the transducer needs to make good contact with the 

surface of skin directly over the structure of interest. Ultrasound has some practical advantages 

over MRI; it is a point of care tool that can be easily used by trained Rheumatologists to support 

clinical decision making.  It can be portable and used to guide injections in clinic or ward 

settings. MRI is more expensive, may be more time consuming and there are some limitations 

upon which patients it may be performed on including: those with certain metal implants / 

prosthetic heart valves, pacemakers, contrast allergies, claustrophobia or high BMIs. Both MRI 

and MSUS have advantage over computed tomography (CT) in not involving ionising radiation. 

 

1.9.1 What is ultrasound? 

Ultrasound involves the use of transducers containing piezoelectric crystals transmitting sound 

waves. These sound waves pass through media - when they hit the surface of a different 

medium, a portion of the sound wave is reflected back to the transducer and displayed as an 

image, whilst a portion travels further away from the transducer.  Tissues such as such as skin, 

subcutaneous tissue, muscle and fat have different acoustic impedances depending on their 

densities. The transducer receives these sound waves which are visualised as differing shades 

of greyscale or echogenicity.92 Fluid is homogenous and reflects back almost no sound waves 

so the image seen is completely black and termed “anechoic”. Bone, tendon and air reflect back 

high proportions of sound waves so the image is seen as bright white or “hyperechoic”. The 

interface between soft tissue and air reflects back the entire ultrasound beam, so commonly gel 

is used as a medium between the patient’s skin and the transducer which plugs the air gap and 

allows sound waves to travel deeper. 
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There are many potentially confounding factors affecting the quality of the image produced in 

ultrasonography, which may be user dependent or operator dependent. Resolution of the image 

is divided into spatial resolution and contrast resolution. Contrast resolution is how easy it is to 

distinguish between differing degrees of grey scale. Spatial resolution is divided into axial and 

lateral, referring respectively to how easy it is to distinguish between two objects either on top 

of each other in the path of the ultrasound beam, or adjacent to each other.  Higher frequency 

ultrasound gives better axial resolution but poorer penetration of deeper tissues. The frequencies 

of 6-18MHz are typically used in musculoskeletal ultrasound, with the higher range towards 

18MHz used to examine more superficial joints such as the metacarpophalangeal joints, and 

lower frequency towards 6MHz used to examine deeper joints such as shoulders. The frequency 

needed for ultrasound examination of joints can vary between individual patients, with lower 

frequencies needed if there is a high thickness of fat layer overlying the joint of interest, or 

thickened skin such as in scleroderma. The choice of transducer used to scan a joint is determine 

by the frequency range required and the body part being examined. Linear transducers are 

typically used to scan joints as they use higher frequencies, and smaller hockey stick probes 

may be chosen to examine joints in difficult to access areas such as the peroneal tendons 

posterior to the lateral malleolus. 

 

Gain can be adjusted by the sonographer to increase or decrease the image brightness, making 

structures easier to see but resolution is affected if gain is increased too much. Time gain 

compensation can adjust for varying attenuations at different depths of tissues to improve axial 

resolution. Zoom may be manually adjusted to increase or decrease the size of the ultrasound 

image, which is necessary when scanning superficial or deep joints. The focal zone may be 

adjusted on the ultrasound machine to focus the ultrasound beam on the axial level of interest 

to improve resolution. 
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1.9.2 Doppler 

The Doppler effect describes the change in frequency of a sound wave when it is reflected back 

from a moving object, and this is important in the application of ultrasound in Rheumatology. 

Moving erythrocytes in blood vessels reflect ultrasound waves and the Doppler shift is 

proportional to: the velocity of the flow, the frequency of the ultrasound and the angle between 

the ultrasound beam and the blood flow (angle of insonation). If blood flow is parallel to the 

probe (insonation angle is 90 degrees) then no Doppler will be detected, so it is important to 

vary the angle of the transducer to look for Doppler flow. Colour Doppler displays a colour 

image of blood flow taken from the mean velocity and direction of the erythrocytes. Power 

Doppler displays a sum of the detected blood flow irrespective of direction or velocity. Pulse 

repetition frequency (PRF) is measured in hertz and refers to the number of pulses of sound 

waves transmitted by the transducer in a set period of time. It may affect Colour Doppler in 

aliasing artefact, when the Doppler shift of blood vessels is more than half the PRF and reverse 

flow is seen. PRF may be increased to avoid aliasing artefact but at the cost of decreasing 

sensitivity to low velocity flow. In musculoskeletal ultrasound, the presence of low velocity 

flow rather than the direction or velocity of blood flow are important, so Power Doppler is often 

favoured and PRF kept low.93 PD settings do not need to vary between patients or joints, so 

once calibrated the same pre-set can be used for all patients.94   

 

 

Artefacts of Doppler may confound interpretation and are important for the sonographer to be 

aware of.  Pressure applied between the transducer and skin should be kept as light as possible 

to avoid compressing and missing Doppler flow.95 Random interference may be seen as 

background Doppler “noise”, so Doppler gain should be reduced until only a few scattered 

random artefacts are seen so that true blood flow is not missed. Random noise may also be seen 

if the patient or transducer moves or if the patient is hot, so these variables must be controlled. 
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Blooming artefact refers to overspill of Doppler from blood vessels which increases their 

perceived size on the screen, and it can be managed by reducing the Doppler gain. Mirror 

artefact occurs when a smooth surface such as the cortex of bone reflects a replica of Doppler 

flow within the bone creating a false image. Similarly, reverberation artefact is seen when a 

mirror image of Doppler is reflected from a superficial blood vessel to a deeper area. Therefore 

it is important to have the Doppler box covering the most superficial section of the joint as well 

as the area of interest otherwise the reverberation artefact may be misinterpreted as the true 

Doppler flow.  

 

 

1.9.3 Musculoskeletal ultrasound pathology 

Musculoskeletal ultrasound in Rheumatology practice is used to detect the findings listed in 

Table 1-3. Synovial hypertrophy (SH) is seen as abnormal hypoechoic signal within the joint 

capsule and represents inflammatory hyperplasia of the synovial tissue. It is poorly 

compressible and not displaceable and it may have Power Doppler (PD) signal within it.96  PD 

is highly sensitive to flow of blood and can detect neovascularity indicating inflammation 

within a joint97 It is the combination of abnormal SH and PD which is regarded as evidence of 

synovitis on MSUS. Synovial effusion (EF) is seen as abnormal hypoechoic or anechoic signal 

and is displaceable, but PD is not seen within it. Tenosynovial hypertrophy (TSH), Doppler 

(TPD) and effusion (TEF) appear similarly to SH, PD and EF on MSUS but relate to findings 

within the tendon sheath. Tenosynovitis on MSUS is seen as presence of abnormal TSH and 

TPD.  
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degree of presence of PD has been demonstrated with improvement in MSUS-detected 

synovitis after anti-TNF therapy 104 and intra-articular steroid injections.105    

 

The predictive ability of PD has been demonstrated with presence of PD at baseline diagnosis 

more strongly correlated than tender or swollen joint count, CRP, ESR or HAQ score with 

radiographic progression of RA 12 months later.106 Detection of PD may predict which patients 

with inflammatory joint symptoms without clinical joint swelling go on to develop persistent 

inflammatory arthritis.107 Presence of PD at baseline assessment in MTPJs87 or in digit flexor 

tendons in patients negative for RF and ACPA108 may help to predict patients with early 

inflammatory arthritis who go on to have persistent inflammatory arthritis 18 months after 

diagnosis. However, one study found that grade 2 synovial hypertrophy and not PD was 

associated with early undifferentiated arthritis evolving into persistent rheumatoid arthritis and 

need for treatment with methotrexate.109  

 

1.9.5 Significance of Power Doppler in other forms of inflammatory arthritis 

Psoriatic arthritis (PsA) is an inflammatory arthritis that may be mono- oligo- or polyarticular 

and is associated with skin psoriasis. It is diagnosed clinically by CASPAR criteria.110 The 

absence of positive autoantibodies such as RF or ACPA, and the fact that inflammatory markers 

such as CRP may be normal / only minimally elevated, may make it more challenging to 

diagnose or monitor  PsA compared to RA. PsA has distinct features on MSUS compared to 

RA, with a predominance of extensor peri-tenonitis, proximal interphalangeal joint extensor 

tendon enthesitis and dactylitis seen more often on ultrasound in early PsA and compared to 

early RA.111 112 Similarly to what has been found in RA, PD at baseline assessment predicts 

joint damage in PsA.113   
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It is not practical to scan 68 joints that are examined routinely in PsA in addition to multiple 

entheseal sites. Steps have been made to try to identify composite sites for targeted US in 

PsA.114 Ultrasound of patients with clinical oligo-arthritis which is common in psoriatic arthritis 

or reactive arthritis, has detected more active joints compared to clinical examination, with 

some being reclassified as having polyarticular disease.115 Therefore clinical examination in 

PsA may underestimate the true extent of inflammatory joint disease activity. 

 

Axial spondylitis (axSpa) is characterised by inflammation of the spine and sacro-iliac joints, 

peripheral joints and entheses. Ultrasound-detected PD at entheses has been found to correlate 

well with clinical tenderness and swelling at entheseal sites116  and ultrasound is more sensitive 

at detecting enthesitis compared to clinical examination.117 Presence of entheseal PD may help 

in diagnosis of axSpa in patients with inflammatory back pain not fulfilling ASAS classification 

criteria for axSpa.118 Entheseal sites useful to scan include the Achilles tendon, quadriceps and 

patella tendon and plantar fascia in AxSpa,119 with the Glasgow Ultrasound Enthesitis Scoring 

System (GUESS)117 and Madrid Sonographic Enthesitis Index (MASEI)120 being commonly 

used entheseal scanning protocols for enthesitis in both AxSpa and PsA. 

 

In systemic lupus erythematosus (SLE), MSUS findings show a predominance of tenosynovitis 

and peri-extensor tendon inflammations compared to RA patients.121 However, US-detected PD 

has been found in the MCP, PIP, MTP and wrist joints,122 123 and in patients with SLE 

asymptomatic for musculoskeletal problems.124 Findings of power Doppler at baseline 

diagnosis has been found to be associated with increased likelihood of musculoskeletal flares125 

and need for methotrexate or hydroxychloroquine at 24 months.126 Systematic reviews of 

MSUS findings in patients with SLE have found heterogeneity in data collection, inclusion 

criteria, scanning methods and joints included, suggesting more work is needed before MSUS 

in SLE may be used as an outcome measure in clinical trials.127 128   
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1.9.6 Role of ultrasound in treat to target and withdrawal of treatment  

There has been research into whether the addition of ultrasound to guide treat to target in early 

RA results in better outcomes. The ARCTIC trial found no benefit in up-titration of DMARDs 

according to US, or US-guided intra-articular steroid injections in tight treat-to target early 

RA.129 Also the ARCTIC trial found no difference in MRI-detected inflammation at 2 years 

after baseline in patients on strict treat-to-target US-guided therapy.130 Similarly the TASER 

trial131 found that treat to target with US in patients with RA of less than one year symptom 

duration led to more intensive DMARD therapy use but was not associated with better clinical 

or radiological outcome. However, these studies were under powered to conclude there was no 

impact on radiographic progression, clinicians were not blinded to the ultrasound results, and 

there were complicated plans of escalation of treatment, and a low grade of PD counted as 

positive.89  

 

 

There has also been research into whether US may help guide safe withdrawal of DMARDs, 

particularly expensive biological DMARDs. In a trial of patients already in clinical remission, 

patients in US-defined remission had fewer flares, and after 1 year were more likely to be able 

to step down on DMARD therapy successfully.132 A higher rate of flare of arthritis after 

withdrawal of biologics has been noted in patients with evidence of PD synovitis on US but in 

clinical remission.133 134  MSUS may be helpful in decision-making with regards to up-titrating 

DMARDs, and may allow cost savings especially with biological DMARDs in patients with 

RA and fibromyalgia.135  

 

Further research in to what can be considered “normal” ultrasound findings in the joints that 

are scanned in Rheumatology would help further research in DMARD treat to target or tapering 

regimes, allowing a better understanding of what extent of synovial hypertrophy, power 

Doppler or effusion could be expected to be seen in a normal healthy ageing population. 
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1.10 Ultrasound grading 

Grading of ultrasound parameters is most commonly carried out via a semi-quantitative system. 

For synovial hypertrophy and joint effusion the findings are classified as normal (grade 0), mild 

(grade 1), moderate (grade 2), or severe (grade 3).136 Szkudlarek et al. later described these 

grades with a further grade 4 where the hypertrophied synovium has expanded over both 

proximal and distal diaphysis.90 There is also a quantitative system of grading, but this is more 

laborious with measurements needing to be taken of all scanned joints. Studies have shown 

little variability between quantitative and semi quantitative grading systems.137 

 

The first steps to reaching an international consensus of definitions for ultrasound defined 

features of inflammatory arthritis for use in recording outcomes of clinical trials were made in 

the 2000s.96 However, some concerns were raised over the reliability of acquisition of 

standardised images particularly due to the multi-planar aspect of ultrasound, and the intra- and 

inter-reader variability of the obtained ultrasound images.138 A more comprehensive consensus 

of grey scale synovial hypertrophy and power Doppler was published in 2016 by the Outcome 

Measures in Rheumatology (OMERACT) Ultrasound Working Group.139 140 It was the 

publication of this OMERACT consensus which raised the question of whether it is possible to 

have widely accepted consensus definitions of grading of pathology that can be applied across 

the age range, which is the focus of this project. 

 

Comparison of the Szkudlarek136 and OMERACT0139 140 grading protocols shows many 

similarities but there are a few notable differences (Table 1-4 to 1-6). Synovial hypertrophy 

(SH) grade 0 and 1 are the same in these 2 grading protocols (Table 1-4). Grade 2 and 3 extend 

beyond the horizontal joint line in both grading protocols but differ in terms of the shape of the 

SH; in the OMERACT grades 2 and 3 SH are defined by the concave/convex superficial surface 

of the synovium (the shape is dominant over extent), whereas Szkudlarek grades 2 and 3 are 
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term joint damage. With ultrasound being more sensitive at detecting joint inflammation than 

clinical examination alone it has an important role in determining minimal disease activity, and 

clinical and ultrasound parameters for minimal or low disease activity have been investigated 

and defined in psoriatic arthritis.142 In recent years, researchers are increasingly recognising and 

intervening when patients have symptoms and signs that may represent RA prior to the onset 

of clinically apparent disease.143-145  Clinically suspect arthralgia (CSA) is defined by an absence 

of clinically apparent swelling, but low grade or subclinical disease may be detected on 

ultrasound.146 Distinguishing this minimal disease from normal age-related degenerative 

changes presents a further challenge to ultrasound practitioners. Therefore it is important to 

define the threshold between normality and pathology throughout the age range.   

 

1.11 Tenosynovitis  

Rheumatoid arthritis is most commonly thought of as a condition affecting the joints, but it can 

also affect tendons, particularly those of the hands and wrists. Tenosynovitis (TS) is a common 

finding in early DMARD-naïve inflammatory arthritis.147 Conventional RA disease activity 

scoring systems focus on joints rather than tendons so clinical examination alone may not detect 

this pathology.148 There is better sensitivity in detecting TS in early RA with the use of magnetic 

resonance imaging (MRI) or musculoskeletal ultrasound (MSUS).138  

 

The role and sensitivity of MSUS in detecting subclinical synovial inflammation has been the 

focus of a vast body of research.83 149 Additionally, ultrasound has been shown to be highly 

sensitive in detecting tenosynovial inflammation, with recent studies demonstrating that 

ultrasound detected hand and wrist tenosynovitis has a role in predicting outcome in early 

disease and flare in clinical remission.150 151  
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The prevalence of tendon abnormalities in healthy subjects (HS) has been recently studied using 

MRI.152 There is limited evidence regarding the prevalence of ultrasound detected tendon 

abnormalities in HS with most data arising from small case control studies focussed on patients 

with rheumatic diseases. Many of these studies have not specifically focussed on the prevalence 

of sonographic tendon abnormalities in HS within the age range of 40 to 70 years when RA 

may commonly present.9 Therefore the prevalence of such abnormalities remains unknown in 

this group. 

 

1.12 Clinically suspect arthralgia 

Rheumatoid arthritis (RA) may present with a variety of symptoms and signs before the more 

characteristic clinical features become apparent fulfilling classification criteria.153 In the last 

few years it has been recognised that earlier diagnosis of RA with resulting earlier treatment 

has more favourable outcomes and may delay progression to RA.76 77 Therefore, it is important 

to identify which features predict who will go on to develop RA. Clinically suspect arthralgia 

(CSA), or inflammatory arthralgia, is a term used when clinicians believe the joint pain and 

other symptoms experienced by a patient may represent a prelude to developing RA. 

 

In 2017 a European Alliance of Associations for Rheumatology (EULAR) consensus group 

published guidance on recognising which characteristics of CSA are most important in 

identifying those at risk of progression on to RA. These parameters are listed In Table 1-7; if 

≥3 parameters are present sensitivity is >90%, and if ≥4 parameters present, specificity is >90% 

for CSA.143
 However, this study represents a consensus of expert opinion, and these 

characteristics have not been prospectively tested for their ability to differentiate those at risk 

of developing RA from those that are not.  

 

 





 

 

42 

 

Ultrasound is another imaging modality that has predictive value for patients with CSA. In a 

study of 160 patients with clinically suspect arthralgia, 19% had inflammatory arthritis (IA) by 

follow up at 12 months. The strongest predictors for development of IA were: positive 

rheumatoid factor (RF); positive ACPA; early morning stiffness lasting more than 30 minutes; 

ultrasound detected synovitis (defined as grade 2 or 3 synovial hypertrophy (SH) with or 

without positive power Doppler (PD)); or positive PD signal at baseline.158 Similar to MRI, 

another study suggested that ultrasound detected synovitis may predict development of RA in 

ACPA negative patients, although that study had some methodological shortcomings including 

lack of blinding and use of suboptimal equipment.159  

 

There may also be some value in the presence of a negative ultrasound scan in predicting those 

who will not develop RA. A study by van der Ven et al. looked at patients with inflammatory 

arthralgia in at least two joints for less than one year, with no evidence of joint swelling on 

clinical examination, and stipulated patients needed at least two of the following features from 

the Rotterdam Early Arthritis Cohort (REACH) trial:160 early morning stiffness for more than 

one hour, inability to form a clenched fist in the morning, pain when shaking hands with 

someone, paraesthesia in fingers, difficulties wearing rings or shoes, FH of RA, and 

unexplained fatigue for less than one year. An ultrasound at baseline which was negative for 

inflammation (defined as grey scale SH < 2 and PD < 1) had an 89% negative predictive value 

for the development of RA by 12 month follow up.158  

 

1.13 Aims and objectives of thesis 

Rheumatoid arthritis often presents in middle to old age161 and a large study that includes older 

healthy subjects to describe what findings are seen in joints and tendons does not currently 

exist. The overarching aims of this thesis were to define the normal range of ultrasound findings 
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in selected joints and tendons in healthy individuals, with a particular focus on the older age 

range, in order to assess the extent to which ultrasound findings in patients with a new onset of 

inflammatory arthritis deviate from the normal range. 

 

 

Hypothesis 1: 

Low grades of synovial hypertrophy and power Doppler enhancement occur in the joints of 

healthy individuals in the older age range. 

Objective 1: a systematic literature review of ultrasound of metacarpophalangeal, proximal 

interphalangeal, metatarsophalangeal and wrist joints in healthy subjects. 

 Objective 2: a large multi-centre ultrasound study of healthy subjects including the older age 

range to define what is normal on ultrasound. 

 

 

Hypothesis 2: 

Low grades of tenosynovial hypertrophy are present in the older healthy population.  

Objective:  determine the prevalence of ultrasound detected tendon abnormalities in healthy 

subjects across the age range and compare with a cohort of patients with early RA. 

 

 

Hypothesis 3: 

The presence of clinical and ultrasound features of patients presenting with clinically suspect 

arthralgia (CSA) may help to predict those patients who will go on to develop clinically evident 

inflammatory arthritis.  

Objective: a retrospective study of CSA patients with 24 month follow up data 
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2 SYSTEMATIC LITERATURE REVIEW OF ULTRASOUND 

OF METACARPOPHALANGEAL, PROXIMAL 

INTERPHALANGEAL, METATARSOPHALANGEAL AND 

WRIST JOINTS IN HEALTHY SUBJECTS 
 

2.1 Introduction 

2.1.1 Rationale 

Musculoskeletal ultrasound is increasingly used in routine Rheumatology practice to identify 

changes of inflammation and damage in the joints, and is more sensitive than clinical 

examination and conventional radiography83 meaning that inflammatory arthritis may be 

diagnosed earlier.84 85 87 162 Ultrasound may also help to determine the true extent of disease 

activity in treated established inflammatory arthritis to help guide treatment tapering, 

withdrawal88 or escalation, although this is controversial.89 

 

With more sophisticated machines being able to detect small changes in synovium, 

tenosynovium and bone on ultrasound, it is important to have a reference detailing the normal 

ultrasound appearances of joints, particularly at the older age range of 50-70 years old that 

Rheumatoid arthritis may typically present.  

 

When initially scoping the literature concerning ultrasound of joints in healthy subjects it was 

evident that few papers had solely focused on healthy subjects, and there would be insufficient 

numbers of ultrasound results in healthy subjects for a systematic review. However, a number 

of studies investigating musculoskeletal ultrasound findings in patients with inflammatory 

arthritis or other Rheumatic diseases have included a cohort of healthy subjects as controls.  
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2.2.2 Eligibility criteria 

This systematic literature review looked at any study published in the English language after 

the year 2000 that scanned the small joints of the hands, wrists or feet in adult healthy subjects. 

The year 2000 was chosen as a cut off to exclude earlier studies using older ultrasound 

technology with poor resolution images, which would not be comparable to more recent studies. 

The included studies also needed to include use of a semi–quantitative grading system or a 

quantitative system to give ultrasound results that could be compared between studies. 

 

2.2.3 Information sources 

The initial search was carried out using the National Institute for Healthcare Excellence (NICE) 

Health Database Advanced Search (HDAS) online tool on 26th February 2019 on EMBASE, 

Medline and Pubmed databases.  

 

Searches were conducted by a senior Rheumatology trainee (JT) following training provided 

by the hospital library. Search terms (Table 2-2) for the titles, abstracts and keywords were 

chosen to capture both papers focussed on healthy subjects, and those in which healthy subjects 

were used as controls for patients with Rheumatological diseases. Graded or measured 

ultrasound joint findings in hands, wrists or feet were the desired outcome measure. 

 

2.2.4 Search 

Limits placed on EMBASE and Medline results included: English language, date 2000-2019, 

human age groups 18-64 years or aged 65+ years. The limit function is not available to apply 

to Pubmed searches on HDAS, but papers published before the year 2000, not in English and 
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2.2.8 Risk of bias and applicability 

The risk of bias in individual studies was assessed using the QUADAS2 tool168 for patient 

selection and index test. The reference standard and the flow and timing criteria of the 

QUADAS2 tool did not apply so were not used. 

2.2.9 Synthesis of results 

The studies which had data for proportion of joints with grade ≥ 1 for synovial hypertrophy or 

power Doppler seen on ultrasound, for individual metacarpophalangeal, proximal 

interphalangeal, metatarsophalangeal or wrist joints, were examined using Stata V13 software. 

Forest plots were produced using a metaprop command169 to display confidence intervals. 

2.3 Results 

2.3.1 Study selection 

A total of 297 abstracts were reviewed in the first round, leading to 69 full articles which were 

vetted in the second round by both groups. At this stage one paper was substituted as it 

referenced an earlier published article which contained the ultrasound data.170 171 There were 19 

papers with data on healthy subjects included in the final review (Figure 2-1), of which only 

seven had healthy subjects as the primary focus.  
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2.3.4 Definition of healthy subjects  

The reporting of how each study in this systematic review defined their healthy subjects varied 

considerably (see Table 2-7). Some studies simply stated that subjects were healthy. The most 

common exclusion was the presence of osteoarthritis or inflammatory arthritis in 84.2% (16/19) 

of studies, although there was variation in how this was defined.  Subjects with joint pain were 

excluded in 68.4% (13/19) of studies, and 47.4% (9/19) of studies excluded those with swollen 

joints or with a recent history of joint trauma. Relatively few studies performed blood test 

investigations on healthy subjects to ensure that inflammatory markers and Rheumatoid arthritis 

serology were normal (2/19 and 1/19 respectively).  
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2.3.5 Risk of bias and applicability 

The recruitment of healthy subjects across the different studies and use of ultrasound on these 

healthy subjects was evaluated using QUADAS2168 (see Table 2-8).  The risk of bias was 

deemed as: low, high, or “unclear” if there was not enough information in the article to 

determine the risk of bias. Overall there was low risk that the subjects in the studies were not 

healthy, with all studies avoiding inappropriate exclusions. However, studies reported different 

definitions of healthy (see Table 2-7), and one study recruited healthy subjects with sciatica167 

which although is not a direct sequela of inflammatory arthritis, sciatica can be linked to 

underlying generalised osteoarthritis.  

 

In most studies, exactly how the healthy subjects were selected from different populations was 

not specified, with only one study consecutively recruiting healthy subjects.177 This has led to 

all but one study having high or unclear risk of bias of recruitment of HS according to the 

QUADAS tool in Table 2-8. Over half of the studies recruited healthy subjects from health care 

professionals presumably due to ease of access of these HS (Table 2-7). This could potentially 

introduce bias as health care professionals are not representative of the healthy general public: 

doing less manual labour, and are by definition are in paid employment so do not represent 

retired or unemployed members of society. Health care professionals may have different 

smoking prevalence compared to the general public.  In many studies healthy subjects were 

recruited as healthy controls for cases of patients with Rheumatic conditions which may 

introduce bias because the healthy subjects may have characteristics of the population with the 

disease being examined instead of being representative of the healthy population.  
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2.3.6 Heathy subject demographics 

The mean age in the majority of studies was over 40 years (14/19) (see Table 2-9). Most healthy 

subjects were female, with similar proportions in most studies to the prevalence of RA in 

females. There was no documentation of mean BMI in 13/19 studies. Six of the centres were 

based outside Europe, but only four of the centres specified the ethnicities of healthy subjects, 

which were predominantly Caucasian.
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2.3.7 Ultrasound machine and operator details 

The ultrasound machine operators in studies had varying levels of experience, and results of 

reliability studies were not reported in all studies (see Table 2-10). Make and model of 

ultrasound machines varied, and the scanning protocols for obtaining ultrasound images 

included at least three different methods, with some centres using their own protocols instead 

of internationally recognised semi-quantitative grading systems.  
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2.3.8 Ultrasound semi-quantitative grading or quantitative measurements used in 

studies 

Thirteen studies used a semi-quantitative method of grading, nearly all of which (12/13) 

referenced Szkudlarek’s 2003136 grading of synovial hypertrophy and/or power Doppler 

(exclusively or in combination with other methods). Three studies used both semi-quantitative 

grading and measurements for synovial hypertrophy, and two used only a quantitative system 

(see Table 2-11). 
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Figure 2-2 Forest plot showing proportion of healthy subjects with grade  1 synovial 

hypertrophy in second metacarpophalangeal joint 
MCP, metacarpophalangeal joint; SH, synovial hypertrophy; ES, effect size; CI, confidence interval 

 

 

 

 
Figure 2-3 Forest plot showing proportion of healthy subjects with grade 1 synovial 

hypertrophy in third metacarpophalangeal joint 
MCP, metacarpophalangeal joint; SH, synovial hypertrophy; ES, effect size; CI, confidence interval 
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Figure 2-5 Forest plot showing proportion of healthy subjects with grade  1 power Doppler 

in second metacarpophalangeal joint 
MCP, metacarpophalangeal joint; PD, Power Doppler; ES, effect size; CI, confidence interval 

 

 
Figure 2-6 Forest plot showing proportion of healthy subjects with grade  1 power Doppler 

in third metacarpophalangeal joint 
MCP, metacarpophalangeal joint; PD, Power Doppler; ES, effect size; CI, confidence interval 

 



 

 

72 

 

 
Figure 2-7 Forest plot showing proportion of healthy subjects with grade  1 power Doppler 

in fifth metacarpophalangeal joint 
MCP, metacarpophalangeal joint; PD, Power Doppler; ES, effect size; CI, confidence interval 

 
 

2.4 Discussion 

2.4.1 Summary of evidence 

This systematic literature review has highlighted that the current data available on the 

ultrasound of metacarpophalangeal, proximal interphalangeal, metatarsophalangeal and wrist 

joints in healthy subjects is very heterogeneous. Studies have used a range of different grading 

or measuring systems, and have been reported differently. Low proportions of SH and PD were 

seen in these joints in healthy subjects, but there was considerable variability between studies. 
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2.4.2 Limitations 

This systematic review summarises data from very different studies with regards to what 

ultrasound changes are seen in the wrist, MCP, PIP and MTP joints of healthy controls. Because 

different measurements, grades or grade thresholds were used it is hard to accurately summarise 

and compare all these data. 

 

The search terms were very specific with five search criteria needing to be filled, with the same 

search terms used for the three databases instead of MeSH or EMTREE for Medline and 

EMBASE respectively. This could potentially have missed some relevant papers. However, 

subsequent searches which broadened the ultrasound/ultrasonography/sonography search field 

yielded no more relevant non-duplicate abstracts. 

 

The search criteria excluded non–English-language citations meaning some potentially 

interesting data may have been missed. Studies before the year 2000 were excluded because 

since then ultrasound technology has advanced with machines recording higher resolution 

images, meaning quality of images pre 2000 would be difficult to compare against those from 

more recent papers. Adults were included because ultrasound of joints in children with still 

forming joint structures is very different. Studies with less than 20 healthy subjects were 

excluded because smaller studies would be under-powered to draw any statistically significant 

conclusions, however in doing so we may have excluded some studies with important data on 

healthy subjects. 
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2.4.3 Assessment of quality of included studies 

It was important that we included studies only where the controls were healthy. Some of the 

studies did not specify healthy subject inclusion/exclusion criteria. The details of ultrasound 

pathology recorded varied significantly between studies. One study included sciatica patients 

as healthy controls. Eleven studies used health care workers and the manual working population 

was underrepresented.  

 

Most of the studies focussed primarily on inflammatory arthritis, and healthy subjects were a 

relatively smaller number of controls. It is possible controls were expected to have normal 

joints, so there may be under-reporting of ultrasound findings in the joints of healthy subjects.  

 

2.5 Conclusions 

The currently available data on ultrasound of hands, wrists and feet of healthy subjects are very 

heterogeneous, with studies using different definitions of healthy, different grading references 

and most studies not scanning all MCP, PIP, MTP and wrist joints. This has made it difficult to 

consolidate the data to give significant results.  A large healthy control study is needed which 

uses one widely approved system of measuring ultrasound detected abnormalities in MCP, PIP, 

MTP and wrist joints. 
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3 ULTRASOUND OF HEALTHY SUBJECTS ACROSS THE 

AGE RANGE 
 

I have included parts of the following chapter in a manuscript which was unpublished at the 

time of thesis first submission. The relevant text was written by me, with suggestions of 

revisions by my MD supervisors. 

3.1 Introduction 

3.1.1 Minimal disease 

Musculoskeletal ultrasound (MSUS) is commonly and increasingly being used in clinical 

Rheumatology practice to predict, diagnose, and help guide management of inflammatory 

arthritis.202 Ultrasound is more sensitive than clinical examination alone in detecting joint 

inflammation.138 Advances in MSUS technology means that with higher resolution images very 

small or “minimal” abnormalities may be seen at the joint and tendon level. There is much 

recent research into the prevalence and significance of low disease activity or “minimal disease” 

of inflammatory arthritis seen on ultrasound which is often defined by low grades of ultrasound 

findings, such as synovial hypertrophy and power Doppler grade   1.203 204 

 

There are instances where it is important to distinguish whether small or minimal abnormalities 

seen on ultrasound are physiological or pathological, for example in subjects in the older age 

range or in patients presenting with inflammatory features but no evidence of synovitis on 

clinical examination.  The systematic literature review in Chapter 2 highlighted a need for a 

large study on healthy subjects to define what is normal, especially in the older age range 

because the age profile of incidence for Rheumatoid arthritis (RA) extends well into the 70’s. 
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3.1.2 Healthy subjects 

The highest incidence of RA occurs in the 5th to 7th decades161 therefore it is important to know 

which joints are more likely to have positive findings in healthy subjects, particularly in older 

subjects. This has been published for MRI152 but despite many years of validation exercises, no 

sufficiently powered study has been completed using MSUS.  

 

On review of the currently available literature, studies on healthy subjects (HS) have found 

correlation between advancing age and positive findings seen on ultrasound of joints. The 

largest published study of MSUS of HS to date scanned 207 healthy subjects and found that 

87.8% had at least one ultrasound abnormality, synovial effusion being the most prevalent. 

Metatarsophalangeal joint 1 (MTPJ1) was the most commonly affected, and the severity of joint 

ultrasound findings (synovial hypertrophy, power Doppler or synovial effusion) was 

predominantly grade 1.165 However, the mean age of healthy subjects in this study was 35.5 

years suggesting this study was underpowered to draw conclusions about the older population. 

 

A small study of 24 healthy participants between 30 and 54 years old scanned 

metacarpophalangeal (MCP), proximal interphalangeal (PIP) and distal interphalangeal (DIP) 

joints of the dominant hand. It found 89-95% of joints scored at least one abnormal grading; 

higher grades were associated with advance age; and were more common in women.186  

 

3.1.3 Tendons 

The musculoskeletal manifestations of Rheumatoid arthritis are commonly considered to be 

restricted to joints, which are the main focus of most clinical examinations and disease activity 

scoring systems. However tendons are often involved in early inflammatory arthritis,147 and 

clinical examination alone may not detect tenosynovitis (TS).148  The use of musculoskeletal 
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imaging such as ultrasound is more sensitive than clinical examination alone in detecting 

tenosynovitis138 and TS seen on MSUS may be used to predict progression of early arthritis or 

flare in patients in clinical remission.150 151  

 

The prevalence of ultrasound detected tendon abnormalities in healthy subjects is unknown, 

with the little available data in the literature compromising mainly of small studies which 

recruited healthy subjects as control cohorts for patients with rheumatic diseases.  Many of 

these studies did not focus on HS within the age range of 40 to 70 years when RA may 

commonly present.9  

3.2 Methods 

3.2.1 Recruitment of healthy subjects 

Adult healthy volunteers were recruited in centres with experience of participating in 

OMERACT (Outcome Measures in Rheumatology) ultrasound studies. Each of these centres 

was required to recruit at least 29 healthy volunteers according to the study protocol (see 

Appendix 1).  

 

To ensure a wide range of age coverage, recruitment was obtained from a large variety of 

populations: university or hospital research staff, health service workers, students, volunteers 

from local advertising, friends and relatives of Rheumatology patients attending hospital clinic 

appointments. In the recruiting centre based at the Queen Elizabeth (QE) Hospital, Birmingham 

United Kingdom, the main focus of recruitment was an older age group targeted from the 

Birmingham 1000 Elders group.205 This is a cohort of people over the age of 65 who volunteer 

to take part in various clinical trials requiring healthy older volunteers. Inclusion and exclusion 

criteria for this study are listed in Table 3-1.  
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3.2.3 Ultrasound 

An ultrasound assessment of the joints was performed in a temperature controlled radiology 

suite (see scanning protocol in Appendix 1), and blinded to the results of the independent 

clinical joint examination. A liberal amount of gel was used to avoid excessive compression of 

underlying structures.  Details of the ultrasound machines and probes used, and the experience 

of the sonographers can be found in Table 3-3. Scans performed in Birmingham were by a 

trainee Rheumatology doctor with at least 2 years of ultrasound experience, firstly under direct, 

then indirect supervision of two Rheumatology physicians experienced in sonography. 
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Centre Contributors US exp 

(yrs) 

US qualifications Machine Linear 

Transducer 

Institute of Inflammation and 

Ageing, University of 

Birmingham, UK 

Andrew Filer  

 

Ilfita Sahbudin 

 

 

Jeanette Trickey 

 

15 

 

9 

 

 

6 

EULAR teach the teacher, EULAR level 2 

 

MSc in Musculoskeletal Ultrasound, University 

of Bournemouth 

 

BSR Basic Ultrasound Course 

GE Logiq E9 8-18MHz;  

6-15MHz 

University College London, UK 

 

Coziana Ciurtin   10 EULAR level 2  GE Logiq E8 8-15MHz 

Hôpital Ambroise Paré, Paris, 

France 

Maria-Antonietta 

D'Agostino 

 

Hélène Gouze 

25 

 

 

6 

EFSUMB level 3, EULAR  level 2  

 

 

French Musculoskeletal Ultrasound Course, 

EULAR Ultrasound intermediate Course 

ESAOTE 

MyLab70 XVG 

6-18MHz 

PD 11 MHz, PRF 

750Hz 

Cliniques Universitaires Saint-

Luc, Institut de recherche 

expérimentale et clinique (IREC), 

Université catholique de Louvain 

Bruxelles, Belgium. 

Maria Stoenoiu 

 

 

Mihaela Maruseac 

15 

 

 

5 

EFSUMB level 3, EULAR level 2 

 

 

EULAR intermediate course, EFSUMB level 2 

GE Logic E9  ML6-15, L8-18i. 

 

Ghent University, Belgium Ruth Wittoek  

 

 

Philippe Carron   

15 

 

 

13 

EULAR level 2 

 

 

EULAR level 3 

ESAOTE MyLab 

60 

 

University of Ferrara, Italy Alessandra 

Bortoluzzi 

12 Basic EULAR ultrasound course; 

advanced MSUS course endorsed by the Italian 

Society for Rheumatology 

 

ESAOTE MyLab 

70XVG 

14–18 MHz 

University of Ferrara, Italy Georgios Filippou  20 EULAR level 2  Samsung RS80A 4-18 MHz; 3-

12MHz 

University of Pavia, Italy Garifallia 

Sakellariou        

11 none ESAOTE Mylab 

70 XVG 

ESAOTE 

LA435 (6-18 

MHz) PRF 0.75 

Sacro Cuore Hospital, Negrar, 

Verona, Italy 

Ilaria Tinazzi 16 EULAR intermediate ultrasound course  

 

ESAOTE 

MyLabClassC 

 

10-18 MHz  

PRF 750 Hz  
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Centre Contributors US exp 

(yrs) 

US qualifications Machine Linear 

Transducer 

Università degli Studi di Torino, 

Turin, Italy 

Annamaria  

Iagnocco  

 

Teodora Șerban 

 

 

 

Irene Azzolin 

 

 

37 

 

 

11 

 

 

 

5 

EFSUMB level 3, EULAR level 2  

 

 

EFSUMB level 1, EULAR level 2, 

Romanian Ministry of Health Certified 

Sonographer 

 

Musculoskeletal Ultrasound in Rheumatology -

EULAR Basic Course  

ESAOTE 

MyLab8   

L4-15 (4-15 

MHz); LA435 (6-

18MHz) 

Copenhagen University Hospital, 

Denmark 

Lene Terslev 

 

 

Mads Ammitzball 

Danielsen 

22 

 

 

10 

EFSUMB level 3, EULAR level 2  

Danish Rheumatology Association level 5  

 

EFSUMB level 2, EULAR level 1, 

Danish Rheumatology Association level 4 

 

GE Logiq E9 ML 6-15 

Colour Doppler 

(CD) frequency 

7.5 MHz, PRF  

0.4 

Aarhus University Hospital, 

Denmark 

Ellen-Margrethe 

Hauge 

 

Mads Nyhuus Bendix 

Rasch 

16 

 

 

10 

Danish Rheumatology Association level 3  

 

 

Danish Rheumatology Association level 4 

 

Hitachi Noblus 18-5 L64 

Colour Doppler 

(CD) frequency 

6.5 MHz 

Diakonhjemmet Hospital, Oslo, 

Norway 

Hilde Berner 

Hammer  

20 EFSUMB level 3, EULAR level 2,  EULAR 

faculty US courses 

 

GE Logiq E9 6-15 MHz  

Leiden University Medical 

Center, The Netherlands. 

Marion Kortekaas 

 

 

Sarah Ohrndorf           

16 

 

 

14 

EULAR level 2 US level of the Dutch 

Rheumatology Association  

 

EULAR level 2  

GE logic E9 5-18 MHz 

Pomeranian Medical University, 

Szczecin, Poland 

Marcin Milchert 

 

 

 

Jacek Fliciński 

13 

 

 

 

12 

Certificates in Vascular Doppler Sonography and 

MS Sonography of Polish Ultrasonography 

Society and Polish Rheumatology Society 

 

Level 1 EULAR MSUS 

Teach the Teacher 

Certificate of Proficiency Musculoskeletal 

Sonography Polish Rheumatological Society 

Phillips Epiq 5 18 MHz 
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Centre Contributors US exp 

(yrs) 

US qualifications Machine Linear 

Transducer 

University of Vienna, Austria Peter Mandl 

 

Carina Borst 

16 

 

3 

 

 

EFSUMB level 3, EULAR level 2  

 

None 

GE S7 L8-18I  

Iuliu Hatieganu University of 

Medicine and Pharmacy, Cluj-

Napoca, Romania 

Daniela Fodor 25 EFSUMB level 3, EULAR level 2 ESAOTE Mylab 

25 Gold 

18MHz 

University of Medicine and 

Pharmacy, Craiova, Romania 

Florentin Vreju  15 EULAR intermediate course, EULAR advanced 

course, EULAR teach-the-teachers course, 

EFSUMB 

 

ESAOTE MyLab 

7 

3-18 MHz 

Medical University of Plovdiv, 

Bulgaria.  

Rositsa Karalilova 13 EULAR level 2, EULAR Certificate for 

Ultrasound Trainers in Rheumatology 

GE Logiq E9 ML6-15 (6-

15MHz) 

Hospital Universitario Fundación 

Jiménez Díaz, Madrid, Spain. 

Esperanza Naredo  

 

Cesar Sifuentes-

Cantu 

 

Giuliana M.C. La 

Paglia  

25 

 

5 

 

 

6 

EFSUMB level 3, EULAR level 2 

 

Certifications by the Mexican College of 

Rheumatology,   

 

EULAR intermediate ultrasound course, 

EFSUMB  level 1 

GE Logiq e 8-18 MHz  

Instituto Nacional de 

Rehabilitacion, Mexico City, 

Mexico 

Carlos Pineda 

 

 

Marwin Gutierrez 

 

 

Gustavo Leon 

 

Cristina Reategui-

Sokolova 

 

 

23 

 

 

17 

 

 

U 

 

6 

PANLAR level 3, ECOMER level 3  

 

 

EFSUMB level 3, EULAR level 2, PANLAR 

level 3 

 

None declared 

 

None 

Hitachi Aloka 

F37 

18 MHz  
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Centre Contributors US exp 

(yrs) 

US qualifications Machine Linear 

Transducer 

Zagazig University, Egypt Mohamed Mortada 17 EULAR advanced course of musculoskeletal 

ultrasonography  

 

HI VISION Avius 5-18 MHz 

PD frequency 

7.5MHz, PRF 

800Hz 

Japanese Red Cross Medical 

Center, Tokyo, Japan 

Takeshi Suzuki 17 EULAR intermediate, EULAR teach the teacher, 

JCR-certified sonographer 

HI VISION Avius 

HI VISION 

Ascendus 

EUP-L75 (5-

18MHz) 

Chiba University Hospital, Japan Kei Ikeda              18 EULAR intermediate course, EULAR advanced 

course, EULAR teach-the-teachers course, JCR-

certified sonographer 

 

HI VISION 

Avius;  

HI VISION 

Ascendus  

EUP-L75 (5-

18MHz)  

Table 3-3 Ultrasound machines and transducers used by centres 
US, ultrasound; exp, experience; yrs, years, MHZ, megahertz; EULAR, European Alliance of Associations for Rheumatology, U, unknown
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A multi-planar greyscale and power Doppler ultrasound examination of bilateral joints and 

tendon sites was performed in a systematic fashion, with views recorded according to European 

Alliance of Associations for Rheumatology (EULAR) standard reference scan guidelines.188 

Musculoskeletal specific pre-set parameters were used to optimise imaging for greyscale and 

power Doppler and reduce variability. 

 

The following bilateral joints and tendons were scanned: dorsal metacarpophalangeal (MCP) 

joints 1-5; dorsal proximal interphalangeal joints (PIP) 1-5 (the interphalangeal joint of the 

thumb counted as PIPJ1);  dorsal views of the wrists; dorsal metatarsophalangeal (MTP) joints 

1-5; extensor carpi ulnaris (ECU) tendons; digit flexor (DF) tendons 1-5 (flexor pollicis longus 

counted as DF1, the deep and superficial digit flexor tendons at the level of the palmar MCPJs 

2-5 counted as DF 2-5). Three view of the wrists were scanned (radio-, inter- and ulnar-carpal 

views) and the highest of these grades was documented as an overall grade for that joint.  

 

An Outcome Measures in Rheumatology (OMERACT) ultrasound taskforce consensus defined 

system was used to assign these joints and tendons a grade between 0 and 3 for the following 

parameters:  synovial hypertrophy (SH),139 140 power Doppler (PD),140 207  synovial effusion 

(EF),162 osteophyte (Os),208 209 tenosynovial hypertrophy (TSH),210 and tenosynovial power 

Doppler (TPD).210  The presence or absence of tenosynovial effusion (TEF)210 and erosions 

(Er)207 were also documented (see Table 3-4).  
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centre to ensure that images of acceptable quality were being recorded. Any disagreement was 

then fed back to the centre and consensus achieved to ensure reliability in subsequent scans.  

 

3.2.6 Generating wrist and metatarsophalangeal joint ultrasound atlases 

To construct atlases containing ultrasound images of wrist and MTP atlases in healthy subjects, 

images of grade 0-3 SH for wrist radio-carpal (RC), inter-carpal (IC) and ulnar-carpal (UC), 

and MTP joints 1-5 were found from the healthy subjects recruited to the minimal disease study. 

Additionally, images for grade 2 and 3 SH in these joints were found in RA patients from the 

Birmingham Early Arthritis (BEACON) inception cohort database because they were rare in 

HS. 

 

Images were reviewed and grouped initially in to: grade 0, grade 0+ (borderline images that 

could be considered grade 1 but should be graded as 0), grade 1, grade 1+ (borderline images 

that could be considered grade 2 but should be graded as 1), grade 2 and grade 3.  

 

Images were reviewed by two experienced Rheumatology sonographers to confirm the correct 

grades. MTP 1 was considered as separate from MTP 2-5 because it is anatomically different 

from the other MTPJs. Similarly, separate images were selected for the RC, IC and UC wrist 

joints.  

 

The initial wrist and MTPJ atlases were sent out to the rest of the collaborating ultrasound 

centres and feedback was received including disagreement of grading of images. Full consensus 

amongst the whole group was sought on the final version of the atlases.   
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3.2.7 Rheumatoid arthritis comparison cohort 

Data for a comparison cohort of DMARD-naive patients presenting with RA fulfilling ACR-

EULAR 2010153 and/or 1987 criteria41 at presentation were extracted from the Birmingham 

Early Arthritis (BEACON) inception cohort, which is managed by the research departments at 

the Queen Elizabeth and City Hospitals in Birmingham, United Kingdom.  To be eligible for 

BEACON recruitment patients must be DMARD-naïve, have at least one clinically swollen 

joint, and had symptoms of inflammatory arthritis for less than three months. They have 

baseline clinical data, joint ultrasound data, serum, plasma, DNA, RNA, synovial fluid, 

synovium and cultured fibroblasts collected, with six monthly follow up for 2 years then annual 

follow up. The aim of this cohort is to investigate clinical features which may predict which 

patients go on to have resolution or persistence of symptoms, and predictive indicators of 

severity of inflammatory arthritis. The selected comparison cohort of RA patients underwent 

identical baseline tendon ultrasound assessment except the presence of TEF was not recorded. 

This RA cohort was used to compare with a group of age- and sex-matched (and where possible 

smoking status matched) healthy subjects selected from the larger HS cohort when analyzing 

the tendon data.  

3.2.8 Statistical analysis 

All statistical analyses were performed using IBM SPSS Statistics for Windows (Version 26.0; 

IBM Corp. Armonk, NY, USA). Significance for the binary variable gender was assessed using 

Fisher’s exact test. The continuous variables age and BMI (for all subjects) and early morning 

stiffness, CRP, joint counts (for RA patients) were not normally distributed; significance was 

therefore assessed using the Kruskall Wallis test. The joint and tendon gradings were 

dichotomised into either present (grade 1-3) or absent (grade 0).   Kendall’s tau-b correlation 

coefficient was used to compare the proportions of grade 1-3 SH, PD, Os, EF, TSH, TPD and 
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TEF between age groups in HS to examine if significance differences correlated with advancing 

age. Fisher’s exact test was used to examine significance of difference in tendon gradings 

between HS and RA patients. McNemar’s test was used to compare prevalence of right and left 

sided grade ≥ 1 ultrasound abnormalities because these data were paired from the same HS. 

Similarly McNemar’s test was used to examine the prevalence of TSH within HS in different 

tendons, and to compare prevalence of TEF compared to TSH and TPD in HS tendons. Multiple 

testing was not corrected for. 

 

Binary logistic regression analysis was performed to determine the effect of age, gender, BMI, 

manual occupation and smoking on the probability of HS having synovial hypertrophy grade ≥ 

1 in MCP, PIP, MTP and wrist joints. The binomial dependent variable was SH grade 0 or  1. 

The categories of independent variables examined were gender (male or female), manual 

occupation (manual or non-manual worker) and smoking status (ever or never). The continuous 

independent variables were age and BMI. The Box Tidwell transformation was used to confirm 

non-linearity of the continuous independent variables age and BMI. 
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3.3 Initial ultrasound study of joints 

3.3.1 Hypothesis 

Low grades of synovial hypertrophy and power Doppler enhancement occur in the joints of 

healthy individuals in the older age range. 

3.3.2 Objective  

A large multi-centre ultrasound study of healthy subjects including the older age range to define 

what is normal on ultrasound. 

3.3.3 Results 

3.3.3.1 First round of recruitment 

Adult healthy subjects (HS) were recruited between August 2017 and May 2018, yielding 543 

HS after exclusions. These HS were recruited in 23 centres in 14 countries, and a list of centres, 

study contributors, ultrasound machines and probes are detailed in Table 3.3.  

3.3.3.2 Second round of recruitment 

Preliminary data from all centres were analysed and presented at the June 2018 OMERACT 

meeting in Sydney, Australia. At this meeting it was observed that the age range of volunteers 

was strongly biased towards younger age groups (Figure 3-1). This was likely due to younger 

volunteers more being more easily available at the places of work in the recruiting centres. A 

second round of recruitment targeting volunteers between the ages of 40 and 80 years old was 

launched. Between July 2018 and April 2019 according to the same protocol, 16/23 centres 

agreed to scan up to an extra 15 healthy recruits over the age of 40 years. 
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Figure 3-1 Age distribution of healthy subjects after first and second rounds of recruitment 

 

By the end second round of recruitment which focussed on HS over the age of 40, there were 

similar proportions of HS in each age decade between 18 and 59. The older age groups (60-80 

years old) still had lower numbers but were better represented (Figure 3-1). 

3.3.3.3 Healthy subjects demographics 

After both rounds of recruitment there were a total of 1049 adult HS. The final number was 954 

after all exclusions which were are detailed in Figure 3-2. In addition to the 83 HS who were 

excluded due to missing data or meeting exclusion criteria, 12 HS were excluded during a data 

cleaning exercise before ultrasound data analysis because unforeseen conditions were identified 

which may have biased joint and tendon ultrasound results. One HS aged 85 years was excluded 

because they would have been the single member of an age group > 80 years old. 
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Figure 3-2 Flow diagram of recruitment and exclusions of healthy subjects 
IBD, inflammatory bowel disease 

 

The HS were divided in to three age groups in order to compare demographic and ultrasound 

data. These three groups were termed: young “Y” (18-39 years), middle “M” (40-59 years) and 

old “O” (60-80 years). The mean age of HS was 44.4 years (±15.5) with an age range of 18-80. 

Unintentionally a larger proportion of healthy females were recruited to this study (see Table 

3-5). An explanation is that more females work in healthcare settings which would have been 

easily accessible for recruitment to the study. These occupations include: nurses, administrative 

staff, allied health care professionals and secretaries which accounted for 39.7% of the 

occupations of the HS. The largest proportion of female HS were in the 40-59 year old age 

group (81.5%). The proportion of genders amongst the volunteers from the Birmingham 

Healthy Elders Cohort was similar (48/90 female). The total proportion of HS females across 

all age groups was 681/954 (71.3%). RA affects more females than males with an incidence 

between 2 to 5:1 dependent on age,211 therefore with regards to gender the HS group is 

representative of a control group for an RA cohort. 
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The HS in the older two age groups had significantly higher BMIs than the 18-39 year old group 

(p<0.001). The youngest age group had a significantly more HS who had never smoked 

(p<0.01). These different demographics may have biased the ultrasound results seen in different 

age groups. 

 

Older age was significantly associated with more grade ≥1 SH in all joints scanned (p<0.05) 

except MTPJ 2, 3 and 5 (see Table 3-5). There were low levels of Power Doppler present in all 

examined joints. The older age groups had significantly more PD grade ≥1 in MCPJ 1-5, PIPJ 

2, wrists and MTPJ 1 and 2 (p<0.05). The joints with most prevalent PD grade ≥1 were MCPJ 

2, MCPJ 3, the wrist and MTPJ 1, but this was still <5%. There were significantly more joints 

with PD grade ≥1 seen in the older age groups (p<0.001). Some of the above joints may be 

affected by mechanical loading, so more ultrasound joint findings might be expected in these 

particular joints in the older age groups. This is further examined in section 3.3.4. 

 

3.3.3.4  Joint symmetry 

For all ultrasound data analyses, the ultrasound grades recorded for left and right joints were 

counted as two grades at that joint level (e.g. right MCPJ 1 and left MCPJ 1 become two MCPJ 

1 grades). The dominant hand side was not recorded for healthy subjects except for those 

recruited by the Birmingham centre, in which 88.9% (80/90) were right hand dominant. Figure 

3-3 shows that when all ultrasound findings of grade ≥1 were considered, the number of 

abnormal joints was symmetrically distributed. 
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Figure 3-3 Percentage of right and left joints with any ultrasound abnormality grade ≥ 1 * 

*This included including synovial hypertrophy, power Doppler, effusion, osteophyte, erosion, 

tenosynovial hypertrophy, tenosynovial power Doppler and tenosynovial effusion) 

R, right; L left; MCP, metacarpophalangeal joint; PIP, proximal interphalangeal joint; MTP, 

metatarsophalangeal joint 

 

The symmetry of the joints was further examined by comparing grade 1 MSUS abnormalities 

at each joint level and by each ultrasound parameter. The following tables compare grade 1 

abnormalities for SH, PD, EF and Os, and Er (which was recorded as either present or absent) 

between left and right joints for all HS. (Tables 3-6 to 3-10). 

 

When comparing synovial hypertrophy between left and right joints there were no significant 

differences except in two joints (Table 3-6), with significantly more ultrasound detected SH 

grade 1 in right sided MCPJ 2 (p=0.029) and right sided MTPJ1 (p=0.021) when all HS were 

examined irrespective of age group. Although the dominant hand was not recorded in most 

centres, it is likely most HS were right hand dominant, therefore the significantly higher 

prevalence of grade 1 SH in MCPJ 2 and MTPJ 1 likely represents more mechanical loading 

through these joints through right sided dominance. 
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Figure 3-4 Column charts of percentage of grade  1 synovial hypertrophy, power Doppler 

and effusion in Healthy Subjects by age groups, in metacarpophalangeal joints 1-5 
Y, young (age 18-39 years); M, middle (age 40-59 years); O, old (60-80 years) 

 

 

 

 

3.3.4.2 Proximal interphalangeal joints 

There were significantly higher proportions of HS O with SH grade  1 in PIP joints 1-5 

(p<0.001 for PIPJ1-3; p<0.05 for PIPJ 4 and PIPJ 5) (Table 3-13). The HS O age group had the 

highest proportion of PD grade 1 in PIPJ 2 and PIPJ 3 (p≤0.05). 
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Figure 3-5 Column charts of percentage of grade 1-3 synovial hypertrophy, power Doppler 

and effusion in Healthy Subjects by age groups, in proximal interphalangeal joints 1-5 
Y, young (age 18-39 years); M, middle (age 40-59 years); O, old (60-80 years) 

 

 

3.3.4.3 Metatarsophalangeal joints 

The prevalence of grade ≥1 SH and EF appeared to be much higher across the age range in the 

MTPJs compared to the MCPJs and PIPJs (Table 3-15 and Figure 3-6). There were significantly 

more grade ≥ 1 SH in MTPJ 1 in HS O. 
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1 osteophytes. Even the youngest age group had at least 5% of HS with grade 1 osteophytes in 

MCPJ 2, PIPJ 2 and 5 and MTPJ 5.     

 

 

 
Figure 3-8 Column charts of percentage of grade 1-3 osteophytes in Healthy Subjects by age 

groups, in metacarpophalangeal joints (MCP) 1-5, proximal interphalangeal joints (PIP) 1-5 

and metatarsophalangeal joints (MTP) 1-5 
Y, young (age 18-39 years); M, middle (age 40-59 years); O, old (60-80 years) 

 

Prevalence of grade ≥ 1 osteophytes appears to increase between the ages of 30-39 years and 

40-49 years (Table 33-3). There were significant differences in grade ≥ 1 Os between these two 

age decades in: MCPJ 2, PIPJ 3, wrist and MTPJ 1, (p<0.01), and to a lesser degree of 

significance in: MCPJ 1, PIPJ 1, 2, 4 and MTPJ 5 (p<0.05). 
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Figure 3-9 Column chart of percentage of healthy subjects with presence of erosions in 

metacarpophalangeal joints 2 and 5 and metatarsophalangeal joint 5 
MCPJ, metacarpophalangeal joint; MTPJ, metatarsophalangeal joint 

 

 

3.3.9 Binomial logistic regression analysis 

To examine the effect of age on prevalence on SH grade 1 binomial logistic regression analysis 

was performed with these possibly significant confounding variables: age, gender, BMI, 

smoking status and manual occupation. After cases with missing information for these variables 

were excluded there were 1765 cases observed for SH grade 1 in each joint by binomial 

logistic regression analysis. 
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Age survived correction with the other variables of gender, BMI, smoking and manual 

occupation, and was significantly associated with proportion of SH grade  1 in MCPJ 2-4, 

PIPJ 1 and 3, wrist and MTPJ 1 (p<0.001), and at a lower level of significance in MCPJ 5, PIPJ 

2, and MTPJ 4 (p<0.05).  

 

Contrary to what might be expected, HS who were not working in or retired from manual 

occupations had significantly higher proportion of SH grade 1 in MCPJ 2 and 3, and MTP 5 

(p<0.01).  This may suggest that use of hand and feet may be protective of abnormal synovial 

hypertrophy of joints. SH grade 1 in PIPJ 1 which was significantly higher in the manual 

occupation group in Table 3-20 is not significant for manual occupation in this analysis, and 

this association may have been contributed to by age or smoking history (p<0.01).  

 

BMI was significantly associated with SH grade 1 in MTPJ 3 and 4 (p<0.01), which is likely 

due to the effect of increased weight loading through these joints. 

3.3.10 Summary 

This is the largest study of ultrasound of hand, foot and wrist joints in healthy subjects. 

Although a lot of these healthy subjects were in the younger age group, there were many in the 

older two age groups which encompass the age range in which RA typically presents. There 

were significantly more grade ≥1 SH, PD, EF and Os in HS in the older age groups as expected. 

There were very low levels of PD in all joints scanned, even in the oldest age group, supporting 

that when PD is detected it is unlikely to be incidental or age related. 

 

The data in this study should help guide Rheumatology sonographers to interpret ultrasound 

findings in the context of the age of the patient. If the prevalence of grade 1 findings are >5% 
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in a specific joint in an age group, then this could be regarded as an age-related finding and for 

it to be considered pathological it should be grade 2.  The following lists summarise the grades 

at each joint level which could be considered abnormal according to age groups. 

 

Metacarpophalangeal joints 

 SH grade 2 in MCPJ 1-3 in 40-59 year olds 

 SH grade 2 in MCPJ 2-4 in 60-80 year olds 

 PD grade 1 in MCPJ 1-5 in all age groups 

 EF grade 2 in MCPJ 1-5 in all age groups except MCPJ 5 in 18-59 year olds 

Proximal interphalangeal joints 

 SH grade 1 in PIPJ 1-5 in all age groups 

 PD grade 1 in PIPJ 1-5 in all age groups 

 EF grade 2 in PIPJ 1 in all age groups  

 EF grade 2 in PIPJ 2-4 in 60-80 year olds 

Metatarsophalangeal joints 

 SH grade 3 in MTPJ 1-3 in all age groups, and MTP 4 in 40-80 year olds 

 PD grade 1 in MTPJ 1-5 in all age groups 

 EF grade 3 in MTPJ 1 and 2 in all age groups 

 EF grade 3 in MTP 3 in 40-80 year olds 

 EF grade 3 in MTP 4 in 60-80 year olds 

Wrist joints 

 SH grade 2 in wrists in all age groups 

 PD grade 1 in wrists in all age groups 

 EF grade 2 in wrists in all age groups  
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The MTPJs appeared to be susceptible to more grade 1 SH in HS with higher BMI, so this 

should be taken in to consideration when scanning MTPJs. EF was also very common in the 

MTPJs of HS across the age range, so the presence of PD grade 1 is the only helpful abnormal 

MSUS finding in the MTPJs. 

 

There were unexpectedly high levels of SH grade ≥1 in wrist and MTP joints. This has led to 

further reliability studies in section 3.4 and development of wrist and MTPJ ultrasound atlases 

in section 3.5. 

3.4 Overcoming reliability issues 

The inter-observer reliability of ultrasound scans performed in this study had been initially 

addressed by one experienced sonographer in the Birmingham centre reviewing the ultrasound 

images from the first HS recruited by each centre to ensure that centres were grading in the 

same way. All contributors were based in experienced ultrasound centres that had participated 

in previous OMERACT studies. When receiving the results it became apparent that data from 

some individual centres had much higher grades when compared to others.  To further address 

reliability issues it was decided that individual centre data should be compared.  

3.4.1 Round 1 of reliability studies 

The first round of reliability studies for centres was performed in May 2018 when data from 17 

centres had been collected. Synovial hypertrophy grade 1 was chosen as the ultrasound 

abnormality to compare between recruiting centres because prevalence of PD grade  1 was 

low across all recruiting centres. Also low grade joint effusion in isolation is commonly not 

regarded as pathological. The joints with highest prevalence of grade 1 SH were: MCPJ 1-3, 

PIPJ 1, wrists, MTPJ 1-4. Some centres had recruited predominantly HS in the 18-39 years age 
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range, whilst others had mostly older HS, so scatter graphs of grade 1 SH in these joints were 

plotted by age for each individual centre to examine if age was the cause of the variation in 

prevalence of grade 1 SH. 

 

 
Figure 3-10 Synovial hypertrophy grade 0-3 in metacarpophalangeal joint 1 by contributing 

centres and age of healthy subjects in years 

 

 

The graphs in Figure 3-10 and 3-11 represents SH graded by all centres in MCPJ 1 and the 

wrist, but similar graphs were plotted for MCPJ 2 and 3, PIPJ 1, and MTPJ 1-4.  Two centres 

appeared anomalous in Figure 3-10 (centre 10 and centre 15). Unfortunately the ultrasound 

images from centre 10 were not available to be centrally regraded due to a hard drive failure. It 

was decided to exclude this centre from the final data analysis. The wrist graphs showed that 

grade 1 SH in the wrist was common in some centres even in the younger HS, and there were 

some centres that recorded grade 3 SH. This is unexpected in healthy individuals. These graphs 

highlighted the need for further reliability studies which were carried out after all HS were 

recruited, acknowledging that an option to centrally score the images if required was available. 
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Figure 3-11 Synovial hypertrophy grade 0-3 in the wrist by contributing centres and age of 

healthy subjects in years 
SH, synovial hypertrophy 

 

 

Power Doppler prevalence by grade was plotted for the wrist joints because PD was more 

common in these joints than others. There were few centres that graded HS with PD  1, and in 

those that did the HS appeared to be in the older age ranges (Figure 3-12). 

 
Figure 3-12 Power Doppler grade 0-3 in the wrist by contributing centres and age of healthy 

subjects in years 
PD, Power Doppler 
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Figure 3-13 Comparison of proportion of synovial hypertrophy in metacarpophalangeal 

and interphalangeal joints 1-5 and wrist joints between recruiting centres 

SH, synovial hypertrophy; MCP, metacarpophalangeal joint, PIP proximal interphalangeal 

joint 
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The charts of SH grade  1 in MTPJ 1-5 and wrist joints in Figure 3-14 show higher prevalence 

of SH grade 1 in most centres with the exception of MTPJ 5 which had low proportions graded 

by all centres.  

 

 
Figure 3-14 Comparison of proportion of synovial hypertrophy in metatarsophalangeal joints 

1-5 and wrist joints between recruiting centres 
SH, synovial hypertrophy; MTP, metatarsophalangeal joint 
 

There was most disparity in the prevalence of SH grade 1 in wrist and MTP joints between all 

centres. In order to determine the source of the inconsistencies in prevalence of MTPJ and wrist 

SH grade 1, it was decided these joints would be the focus of a central regrading exercise. 

Three centres with high proportion of SH grade  1  in the MTP joints and two centres with 

high proportion of SH grade  1  in the wrist joints were selected to be centrally regraded 

(Figures 3-15 and 3-16). 
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The graphs in Figures 3-15 and 3-16 show marked differences, with the regraded SH for MTP 

and wrist joints being much lower. This striking difference has raised doubt that sonographers 

contributing to this study were grading MTP and wrist joints consistently and has highlighted 

the need for a thorough regrading of all images from all centres. It was initially considered to 

ask centres with levels of SH grade 1  above 10% in the wrist and MTPJs (shown in Figure 3-

14) to regrade their images based on new atlases of MTP and wrist joints (see section 3.5). 

However, it was later decided that all images from all centres would be regraded by 

sonographers from the hub centre to assess reliability.  

3.4.3 Summary 

High levels of inter-centre variability were seen, particularly for proportions of SH grade ≥1 in 

MTP 1-5 and wrist joints. Proportions of SH grade ≥1 in MCP and PIP joint were more 

consistent between centres.  Graphs were plotted to look at the effect of distributions of ages of 

HS in centres but this did not appear to account for the differences seen. This led to the question 

of whether the underlying reason for this was due a lack of consistency of ultrasound grading.  

 

A selection of centres with the highest proportions of MTPJ and wrist SH grade ≥1 were 

selected for central regrading. The result of this suggested that centres were not grading MTPJs 

and wrists consistently. The pilot regrading of MTP or wrist joints from five centres has led to 

the decision to regrade all the images centrally. The scope of this is beyond my thesis and is 

still on going. It has also highlighted that the EULAR-OMERACT consensus grading 

publications primarily focus on the MCP and PIP joints, with image examples of grades for 

these joints. There is little or no specific guidance in these consensus gradings with regards to 

the MTP and wrists joints which are anatomically very different from the MCP and PIP joints. 
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This has highlighted the need for new atlases to clarify the grading of synovial hypertrophy in 

these joints as they are very different to MCP and PIP joints. 

 

 

3.5 Generating atlases of wrist and metatarsophalangeal joints 

3.5.1 Need for new atlases 

The consideration of reliability in section 3.4 highlighted that wrist and MTP joints were being 

graded differently between the experienced participating ultrasound centres. The protocol used 

to recruit and scan healthy subjects gave details of how to grade each joint and each ultrasound 

parameter according to the EULAR OMERACT grading consensus.207  This consensus and the 

protocol for this study (see Appendix 1) contained example images of grades of synovial 

hypertrophy, effusion and Power Doppler in MCP joints. Further references to atlases for the 

PIP, wrist and MTP joints were given in the protocol and all ultrasound centres participating in 

this study were experienced OMERACT centres who had contributed to the creation of the 

EULAR-OMERACT grading consensus.  

 

On review, the atlases specified in the OMERACT papers 212 213 contain only a single example 

image of wrist and MTP joints for each grade. It was therefore decided that using the images 

collected from this study may help Rheumatology sonographers in future to better define the 

grade 0 and 1 SH changes in wrist and MTP joints. 

 

3.5.2 First stage of creation of atlases 

Atlases were compiled according to the methods in 3.2.6 and sent out to the wider group. The 

atlases generated much discussion, with some images being regraded after consensus reached. 
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The earlier versions of the wrist and MTP atlases contained “borderline images” of joints that 

could be graded 0 or 1 (termed grade 0+),  or grade 1 or 2 (termed grade 1+). However, feedback 

from the other participating centres concluded this was confusing as it could be misconstrued 

as proposing a new grading system.  

 

An anatomical description of how to distinguish grade 1 from grade 2 or 3 synovial hypertrophy 

in the radio-carpal and inter-carpal joints was proposed, with grade 1 SH not crossing a 

horizontal line drawn from the shaft of the radius. The other centres felt this was a helpful guide 

but needed further clarity.  

 

The early atlases included scanning positions for the MTP joints which are commonly hyper-

extended or subluxed when the foot is at rest. This may exaggerate the true extent of the SH 

leading to falsely high ultrasound gradings. To rectify this the toe should be straightened into a 

neutral position. The feedback from the wider group was that clarity was also needed on 

scanning position for the wrists. 

3.5.3 Second stage of creation of atlases 

The current wrist and MTP joint atlases can be found in Appendix 2. These atlases included a 

section at the beginning with recommendations on the approach to ultrasound grading with: 

positioning of the patient for scanning to ensure neutral alignment of the joint; identifying the 

extent of the joint capsule or recess enlargement; distinguishing synovial tissue from effusion, 

tendon or dorsal plate; and examining the echogenicity of the synovial tissue. This last 

recommendation was contentious; it proposed that if the tissue appeared hypoechoic (meaning 

the image has areas which appear dark grey) then this should be interpreted as inflammation. If 

it appears iso-echoic (grey and homogenous) or hyperechoic (white) then this represents 
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chronically inflamed tissue and should not be graded. The issue of echogenicity is contentious, 

and many of the other participating OMERACT centres did not agree with this as a parameter 

for grading joints. One point raised was that there is not enough evidence that hypoechoic areas 

on ultrasound represent acutely inflamed synovial tissue, and it would be very time consuming 

in clinical practice. After much debate it was decided that evaluation of echogenicity would be 

excluded from the final atlas used to centrally regrade the images.  

 

Borderline images were not included in the final atlases because the group feedback indicated 

they were confusing. Instead guidance was given on common pitfalls to avoid, and multiple 

images of each grade 0-3 were included to further illustrate how to grade these joints. 

 

3.5.4 Wrist atlas common pitfalls and grading guidance 

The wrist atlases include image examples of neutral positioning for scanning, and also hyper-

extension and hyperflexion which should be avoided because they can skew ultrasound grading. 

The transverse ligament in the radio-carpal recess can often be mistaken for a hypoechoic area 

of synovial hypertrophy, therefore images highlighting this pitfall to avoid were included 

(Figure 3-17). 

 

 
Figure 3-17 Prominent transverse ligament in wrist radio-carpal recess 

SH, synovial hypertrophy 
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When creating the wrist atlas it was decided that a description of how to distinguish grade 1, 2 

and 3 SH was needed. In MCP joints a horizontal line between the distal metacarpal and 

proximal phalanx is used to demarcate where grade 1 finishes and grade 2 begins. A similar 

approach was applied to the grading of wrist radio-carpal and inter-carpal joints (Figure 3-18). 

 

 
Figure 3-18 Wrist radio-carpal and intercarpal joint ultrasound grading based on extent of 

hypoechoic synovial tissue 
RC, radio-carpal; SH, synovial hypertrophy 

 

3.5.5 Metatarsophalangeal joint atlas common pitfalls and grading guidance 

The issue of MTPJs commonly resting in hyperextension or subluxation was addressed with 

images to demonstrate neutral alignment and the effect that hyperextension may have on 

grading of SH (Figure 3-19) 
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Figure 3-19 Alignment of metatarsophalangeal joints for ultrasound grading 

 

 

A pitfall in grading SH in the first MTPJ is that the joint capsule extends proximally and when 

joint effusion is present. This may mislead the sonographer in to grading this as SH grade 1, 

when in fact the synovial tissue itself is normal (Figure 3-20). The dorsal plate or capsule 

complex may also be elevated by underlying joint effusion giving an image that may be falsely 

interpreted as synovial hypertrophy grade  1. 
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Figure 3-20 Metatarsophalangeal joint capsule and recess on ultrasound 

MTP; metatarsophalangeal joint 

 

3.5.6 Summary 

The production of new MTP and wrist atlases from this project has been a large undertaking, 

with areas of controversy to resolve. This has been a useful exercise because it has helped to 

provide an insight into the various reasons why centres which have agreed on a consensus 

grading system have not graded consistently between centres in this large study. The decision 

has been made to regrade all the images from the minimal disease study centrally using the new 

atlases. This data will not be included in this thesis because this is still ongoing, but the regraded 

data will be used in the final published data. 
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3.6 Tendon ultrasound in healthy subjects and RA patients 

3.6.1 Hypothesis 

Low grades of tenosynovial hypertrophy are present in the older healthy population.  

3.6.2 Objective 

Determine the prevalence of ultrasound detected tendon abnormalities in healthy subjects (HS) 

across the age range and compare with a cohort of patients with early Rheumatoid Arthritis. 

3.6.3 Results 

One thousand and thirty-eight HS were recruited and 939 HS were included following 

exclusions detailed in 3.3.1.3 and an additional 15 HS were excluded compared to the joint data 

because ultrasound tendon data were missing from the second round of recruitment from one 

contributing centre. A comparison cohort of 144 RA patients were extracted from the BEACON 

database, and 144 HS were matched to these RA patients based on sex, age (within 2 years) and 

smoking status where possible. 

3.6.3.1 Healthy subject demographics 

The median age of HS was 43 years (IQR 30-57). For the purpose of statistical analysis HS 

were grouped into three age groups: HS Y (young, 18-39 years), HS M (middle, 40-59 years) 

and HS O (old, 60-80 years). A total of 11237 tendons were scanned in 939 HS; 98% of these 

tendons were grade 0 for all three ultrasound parameters of tenosynovial hypertrophy (TSH), 

Power Doppler within the tendon sheath (TPD) and tenosynovial effusion (TEF).  
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Prevalence of grade ≥1 TSH and TPD was low across the age range in HS. The demographics 

in Table 3-37 show that the comparison cohort of 144 age- and sex-matched HS had 

significantly lower mean BMI, and less smokers than the group of RA patients. There was 

significantly more TSH and TPD grade ≥1 in RA patients compared to age and sex-matched 

HS (p<0.001) except for TPD in DF 1 (p=0.02). 
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3.6.4 Summary 

In this large study of selected tendons in hands and wrists of healthy subjects, the aim was to 

determine the extent of tendon abnormalities compatible with ultrasound detected inflammation 

in HS. In particular, the focus was to examine a broad age range of HS encompassing the age 

of incidence of RA.  

 

There was low prevalence of grade  1 tenosynovial hypertrophy and Power Doppler within 

the tendon sheath in all DF and ECU tendons across the age range. The few abnormalities 

observed were almost exclusively grade 1 in severity. In contrast the cohort of patients with a 

recent diagnosis of RA had significantly more grade  1 TSH and TPD. This highlights that 

even older healthy subjects are very unlikely to have grade ≥ 1 TSH or TPD in the DF or ECU 

tendons, so any positive ultrasound findings could be regarded as significant in the right clinical 

context. 

 

This data should help the decision making of health care professionals performing ultrasound 

in early arthritis or disease management clinics. They should feel confident in interpreting mild 

TSH and TPD in digit flexor of extensor carpi ulnaris tendons as significant in patients of all 

ages presenting with possible early inflammatory arthritis. Digit flexor and ECU tendons can 

be easily examined during routine ultrasound examination so could be included in abbreviated 

scanning protocols.  
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3.7 Chapter 3 Discussion 

This international study of over 900 HS is currently the largest cohort of healthy subjects with 

ultrasound of selected joints and tendons in hands, wrists and feet. The number of HS recruited 

has given the study sufficient power to produce some interesting and statistically significant 

results. The older age range is also well represented with 549/954 (57.5%) in the 40-80 years 

range, providing a large cohort of HS that can be used as comparison for patients with 

inflammatory arthritis and encompassing the typical age range for patients presenting with 

Rheumatoid arthritis.161 The mean age of 44.4 years (±15.5) is higher than the previous largest 

study of HS.165 

 

Examination of the joint data revealed significantly more SH grade  1 in the HS O age group 

in MCP 2, 3 and 4, PIPJ 1-3, the wrist and MTPJ 1 (p<0.001) confirming the hypothesis of an 

age-related effect on incidence of low grade ultrasound findings in joints. Looking at prevalence 

 5% of SH, PD and EF grade  1 in each of the three age groups (HS Y, 18-39 years; HS M, 

40-59 years; HS O, 60-80 years) we have been able to propose cut off grades for what might be 

expected to be “normal” on MSUS in healthy subjects in each of these age ranges (see section 

3.3.10). Previous ultrasound studies have not had sufficient power to draw these age-related 

conclusions. 165 178  

 

There was high prevalence of SH grade  1 MTPJ 2-4 and a significant age-related effect was 

not seen at MTPJ 2, 3 and 5. Binomial regression analysis with correction for age, gender, 

smoking and manual occupation showed BMI was significantly associated with SH grade  1 

in MTPJ 3-5. This knowledge could help Rheumatology sonographers when examining the 

MTPJs, because SH grade  1 might be considered normal for the patient’s BMI, and only 

presence of PD grade  1 would provide evidence of active synovitis. One study has examined 
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the effect of obesity and correlation of swollen joints detected on clinical examination with 

ultrasound evidence of synovitis in RA patients,214 but this examined the joints included in the  

DAS-28 and did not look at MTPJs. Furthermore this study used SH grade 2 and/or PD grade 

1 on ultrasound as evidence of synovitis. The biomechanics of RA versus a healthy 

populations is likely to be different, therefore our findings should be regarded as novel. 

 

The prevalence of SH grade  1 in MTPJ 5 was low at less than 5% across the age range;  this 

could help sonographers to identify that positive ultrasound SH findings in MTPJ 5 might be 

abnormal as they are not often seen even in the older age range. This is helpful because MTPJ 

5 is often affected in RA, with the detection of erosions in this joint helping to predict which 

patients with ACPA positivity may go on to develop RA.215 The detection of SH before erosions 

develop may therefore also help with prediction of development or diagnosis of RA. No grade 

3 SH was seen in MTPJ 5 in HS in the younger age group (18-39 years old), so this should be 

regarded as pathological if detected on MSUS. 

 

Power Doppler grade 1 was rarely seen in any of the scanned joints at <5% across the age 

range. It was significantly more prevalent in the older age groups in MCPJ 2, 3, wrists and 

MTPJ 1, but this prevalence was still low, and PD grade 1 was particularly rarely seen in the 

PIPJs. This low PD prevalence means when it is seen on MSUS in the correct clinical context 

it may represent joint pathology. Studies have shown the utility of PD grade 1 in combination 

with the presence of ACPA positivity in predicting the prognosis of RA.216 217  

 

Grade 1 joint effusion was much more common than SH and PD in HS across the age range. 

In particular EF grade 1 in MTPJ 1 and PIPJ 1 was found even in young HS. Joint effusion 
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has been found to be common in the MTPJ of HS in other studies on MRI218 and MSUS.165 Our 

study confirms this and suggests effusion should not be regarded as in any way pathological. 

 

The prevalence of detected erosions in this study was very low in MCPJ 2, 5 and MTPJ 5 at 

<1% in all groups except in MCPJ 2 in the HS O it was 1.9%. Other studies have suggested a 

higher prevalence of erosions; a review of MRI of small joints in healthy subjects found that 

33% had low grade erosions in MCPJs on MRI.219 MRI is more sensitive than US in detecting 

erosions. Also MSUS can only examine structures directly beneath the transducer, so erosions 

in MCPJ 3-4 especially might be easily missed. In the previous largest ultrasound study of 

healthy subjects165 only 4 erosions were found in 207 HS and these were all in MTPJ 1, which 

were not scanned for erosions in our study. 

 

 When examining joint symmetry, left and right joints appeared to have the same distribution 

of abnormalities from the graphs in Figure 3-3. The tables in 3-6 to 3-9 showed some differences 

between left and right sides, with low level significant difference in SH grade 1 in the right 

side for MCPJ 2 and MTPJ 1 (p<0.05). Other studies166 171 have found no difference between 

dominant and non-dominant sides.  A study of dentists and teachers showed more grade 2 

MSUS osteophytes detected in the non-dominant hand of teachers, but more severe grades of 

osteophytes in the dominant hand of dentists implying a protective effect of activity but an 

association of repeated joint overload with severe OA.220 In this study grade 1 Os was more 

prevalent in the dominant side of MTPJ 1 only (p<0.05), and the number of manual workers 

were too small to compare dominant sides and MSUS findings. 

 

The demographics of the recruited HS had a similar proportion of females to patients with RA.  

This was unintentional, but does help to better compare HS with RA patients. The larger 
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proportion of females in this study may reflect the healthcare setting that many HS were 

recruited from, which was likely due to ease of access of these individuals. It also may reflect 

that more women are happy to volunteer. The older HS recruited in Birmingham were accessed 

from a volunteer cohort of elderly healthy subjects, which had similar proportions of females 

and males. These recruitment locations may have introduced bias, meaning the HS in this study 

are not representative of the wider population. 

 

When the tendon findings in RA patients were compared to a group of age- and sex-matched 

HS the mean BMI of the HS was significantly lower (p<0.001) and there were significantly 

more individuals who had never smoked amongst the HS (p<0.05). Smoking is known to be a 

risk factor for RA so there is a higher prevalence in these patients compared to the general 

population.221 This may have affected the comparison of ultrasound results in HS and RA 

patients. The positive tendon findings were too low in this study to test binomial regression 

analysis, although when examining the joint ultrasound data in this study history of smoking 

amongst HS (when corrected for age, sex, BMI and manual occupation) was only significantly 

associated with prevalence of SH grade 1 in PIPJ 1 and MTPJ 1 (p<0.05).  BMI, after 

correction, was significantly associated with positive SH findings in MTPJ 3-5, which may be 

due to the mechanical effect of weight loading through these joints.  

 

Examining potential confounders, we found significantly more grade 1 SH in MCP 2-4 

(p≤0.001), and PIPJ 1 and MTPJ 5 (p<0.05) in the HS currently working in or retired from 

manual occupations, with significance remaining in MCP2-4 when age, sex, smoking and BMI 

were corrected in binomial logistic regression analysis. This may be due to more repetitive, 

mechanical loads through these joints in manual occupations. However, occupations were not 

recorded in the same way in all centres and on reflection it may have been helpful to specify 
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main occupation if retired, and how many years HS had been in work. A standardised list of 

occupation groups such as the Standard Occupational Classification SOC 2010 may have also 

improved consistency in recording this information. The Office of National Statistics states 

16% of workers in the UK in 2018 were in manual occupations (skilled trade or process, plant 

and machine operatives);222 therefore 153/954 HS in this study should have been in manual 

occupations to be representative of the UK working population instead of the actual number 

75/954.  

 

The examination of grade ≥1 abnormalities on ultrasound against the regular physical hobbies 

and activities reported by healthy subjects showed more prevalent SH positive US findings in 

those who were not practising hobbies involving high impact on upper or lower limbs. This is 

contrary to what might be expected, but may have been confounded by the group not involved 

in high intensity/impact sports being older. There were more EF grade ≥1 in those partaking in 

high impact sports which is likely physiological. Although there is a lack of large healthy 

control studies looking at the effect of high impact sports on joint effusion, small studies have 

shown more joint effusions in athletes.223 There was no formal recording of how frequently HS 

practised their hobbies, for how many years and whether these activities were past or current. 

Also, a standardised method of deciding which activities have a high impact on upper or lower 

limbs should have been decided before data collection began.  

 

In this study we did not examine the potential relationship of ultrasound-detected presence of 

grade ≥1 osteophytes with the presence of grade ≥1 synovial hypertrophy with or without grade 

≥1 power Doppler. In future analysis it would be interesting to examine this, and if there is a 

significant correlation then is this independent of age of healthy subject?  
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A variety of different ultrasound machines and probes were used in the 23 recruiting centres 

(detailed in Table 3-3) and there were many different contributors to the ultrasound data raising 

the issue of reliability. These were all experienced OMERACT centres which have collaborated 

on many ultrasound projects previously, and were involved in the consensus decision on the 

new OMERACT grading system. However, as the reliability section illustrated many centres 

did not grade MTPJ and wrist joints in the same way. The anomalies in SH across the centres 

were first examined according to age distribution of the HS scanned, however this did not 

explain the differences. The pilot central regrading exercise revealed many inconsistencies in 

grading of SH in these joints and led to the decision to centrally regrade all ultrasound images.  

 

The first step in centrally regrading all images was to agree with all the collaborators involved 

in the study on how images would be regraded. It was a sensitive issue to broach, with many of 

the contributing sonographers being highly experienced, and there was initially some reluctance 

from some collaborators to question the gradings that were submitted. Reliability had initially 

been addressed by the first HS recruited in each centre being centrally regraded. However, given 

the inter-centres variation in the results a more comprehensive grading exercise before data 

collection may have avoided the need for centrally regrading images. The MTPJ and wrist joint 

atlases produced contain more images than the currently available grading atlases references 

for theses joints212 so should help Rheumatology sonographers grade consistently and will 

support the already published OMERACT consensus grading system. 

 

The ultrasound data on tendons was much more consistent between centres compared to the 

joint data, so further presentation and publication was possible without the need to centrally 

regrade these images. Previously, the prevalence of sonographic tenosynovial abnormalities in 

healthy subjects across the age range was not well documented in the available literature, with 
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less than 50 healthy controls in most studies.172 224 175 With over 900 HS in this study there were 

sufficient numbers to draw some significant conclusions.  

There were remarkably low proportions of grade ≥ 1 tenosynovial hypertrophy (TSH), power 

Doppler (TPD) and tenosynovial effusion (TEF) across the age range in HS. TEF was more 

prevalent than TSH or TPD in HS but these proportion were still low. Although MRI studies 

have suggested tenosynovial effusion to be almost ubiquitous in digit flexor tendons in HS225, 

we have shown that ultrasound detects smaller numbers, with less than 2% of digit flexor 

tendons having effusion even in the older age group. This may be due to the two dimensional 

nature of scanning tendons with ultrasound, and higher sensitivity of MRI. 

 

This study shows in a large cohort that tenosynovial abnormalities on ultrasound are 

significantly more prevalent in early RA compared to age- and sex-matched HS, similar to a 

smaller previous study.150 However, the HS had a significantly lower BMI and were less likely 

to have ever smoked compared to the RA cohort. These differences may have confounded 

results, but it is unlikely because the prevalence of tendon abnormalities in RA patients was 

strikingly higher. 

 

There is an issue of real world application of this data because HS were very healthy compared 

to the normal population in with exclusions of individuals with joint pain, overt osteoarthritis 

and a number of other health conditions.  This means this HS cohort may have fewer tendon 

abnormalities than an unselected general population of 60-80 year olds seen in a real world 

clinic. However, the design of this study was to document what is normal in healthy subjects 

without confounding factors such as osteoarthritis or the possibility of early undiagnosed 

inflammatory arthritis being present and skewing the healthy subject data. 
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Future work 

At the time of submitting this thesis the joint ultrasound data central regrading has not yet 

been completed. Once this has occurred, the joint data will be re-analysed using the same 

methodology as in this thesis and then published alongside the study protocol and the wrist 

and MTPJ atlases. 
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There is evidence that presence of anti-citrullinated peptide antibodies (ACPA) may help to 

predict which patients go on to develop RA, even in patients with non-specific musculoskeletal 

symptoms.226  The use of musculoskeletal imaging has also been used as a predictive tool. 

Inflammatory MRI changes seen in patients with CSA, as well as older age, a positive ACPA, 

higher body mass index (BMI), higher erythrocyte sedimentation rate (ESR) and a lower tender 

joint count were associated with development of RA in the Leiden cohort.156 An MRI without 

signs of joint or tendon inflammation in patients with CSA may predict those who do not go on 

to develop RA after 1 year.157  

 

Musculoskeletal ultrasound (MSUS) is another imaging modality that has predictive value for 

patients with CSA. One study of CSA patients found that progression to RA was associated 

with: positive Rheumatoid factor (RF), positive ACPA; early morning stiffness lasting more 

than 30 minutes; and ultrasound detected synovitis.158  Another study suggested an ultrasound 

negative for inflammation had an 89% negative predictive value for the development of RA by 

12 month follow up. 158  

 

The study reported herein reports on clinical and ultrasound data in CSA patients available from 

the Birmingham Early Arthritis Cohort (BEACON). The primary aim was to characterise the 

presenting ultrasound features of patients with CSA, particularly by looking at a larger range 

of joints than other studies.146 The secondary aim was to assess whether any of these ultrasound 

findings or patient characteristics are associated with progression from CSA to IA or RA.  A 

24-month cut-off for the development of clinical inflammatory arthritis was chosen, which is a 

longer time period than other some studies143 158 159 227 as it may help to further define the utility 

of ultrasound in prediction of development of RA. 
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4.2 Hypothesis 

The presence of clinical and ultrasound features of patients presenting with clinically suspect 

arthralgia (CSA) may help to predict those patients that will go on to develop clinically evident 

inflammatory arthritis.  

4.3 Objective 

 A retrospective study of CSA patients with 24 month follow up data. 

4.4 Methods 

4.4.1 Data collection 

The Birmingham Early Arthritis Cohort (BEACON) databases maintained by the 

Rheumatology research departments at City and Queen Elizabeth Hospitals Birmingham, 

United Kingdom, were searched from April 2014 to April 2019. Databases were filtered to find 

patients with a baseline diagnosis of clinically suspect arthralgia or inflammatory arthralgia, 

judged by individual decision-making clinicians at baseline clinic visit. Those patients who had 

been consented to BEACON at least 24 months previously were selected, aiming for the 

availability of 24-month classification outcome data. Patients enrolled onto BEACON have six 

monthly research appointments, with a clinician review at 24-months to give an outcome 

diagnosis if patients meet fulfilment of classification criteria for conditions such as RA,153 

CSA,143 psoriatic arthritis,228 axial or peripheral spondyloarthritis,229 or systemic lupus 

erythematosus.230 

 

The BEACON databases include electronic copies of the information from clinical research 

forms (CRFs) collected at the time of the patient BEACON research visits. Hard copies of the 

CRFs were checked if any data were missing (an example CRF can be found in Appendix 4). 
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between patients with and without inflammatory arthritis, or with RA or another IA, at 24-

month diagnosis.  

 

4.5 Results 

 

Initially 155 patients were extracted, but after exclusions (see Figure 4-1) there were 43 patients 

with CSA at baseline diagnosis included in this study that had ultrasound data and 24 month 

follow up.  Unfortunately, of the patients that did not have a 24 month diagnosis, 60% (21/35) 

had their 24 month BEACON visit delayed due to the COVID-19 pandemic.  

 

 

 

Figure 4-1 Consort diagram of exclusions 
CSA, clinically suspect arthralgia; COVID, coronavirus pandemic 
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4.5.1 Baseline Clinically Suspect Arthralgia Demographics 

The 78 patients with CSA at baseline diagnosis that also had ultrasound data available were 

analysed (43 with 24 month outcome, 35 without). Most patients were recruited before the 

EULAR CSA consensus criteria were published143 therefore many of these items were not 

specifically included on the clinical research proforma because they were not previously 

considered important in the diagnosis of CSA. The diurnal variation in symptoms and ability to 

make a fist were not recorded in most cases (83.8% and 79.5% respectively). As MCP squeeze 

test was again only included after a certain time point, tender MCP joints on examination was 

used as a surrogate for positive MCP squeeze test. Appraisal of these patients against the 

EULAR consensus criteria for CSA revealed 56.4% (44/78) met three or more of these criteria 

which is thought to be >90% sensitive for CSA, and 38.5% (30/78) patients met 4 or more 

which is > 90% specific for CSA.143 
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4.5.3 Demographics of patients with and without inflammatory arthritis at 24 months 

The 43 patients were split in to two groups to compare those who had a diagnosis of 

inflammatory arthritis at their 24 month BEACON visit (which included patients who had RA), 

and those who did not have inflammatory arthritis 24 months after baseline BEACON visit. 

There were no significant differences in age, sex, BMI, ethnicity of smoking history between 

these two groups (Table 4-6). Baseline assessments of global health, pain and fatigue visual 

analogues scores, joints counts and inflammatory markers were not significantly different, 

although the sample sizes were small. 
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more patients with less than one year of inflammatory arthralgia symptoms before their 

diagnosis of CSA in the group that did not go on the develop IA by 24 months (p=0.033). This 

is contrary to what would be expected from the consensus criteria. Similarly, there was a higher 

proportion of CSA patients in the non-IA group at 24 months with tender MCP joints at baseline 

clinical assessment (which implies they would have had a positive MCP squeeze test) which 

was approaching significance  (p=0.055); this is contrary to what might be expected according 

to the EULAR consensus criteria for CSA. 

 

RA related autoantibodies were associated with the development of an inflammatory arthritis 

in CSA patients by 24-months of follow up. Rheumatoid factor and ACPA positivity were 

significantly more prevalent in the group with inflammatory arthritis at 24-months (p=0.004, 

p=0.002 respectively). 

 

Unsurprisingly, patients with IA at 24-months were significantly more likely to be on a 

DMARD by this time point (p<0.001). There were five patients in the non-IA at 24-month 

group on a DMARD; all of them had a 24-month diagnosis of CSA. One of these CSA patients 

was on methotrexate and the other four were taking Hydroxychloroquine (see Table 4-7). All 

of these DMARDs were started within 12 months of CSA diagnosis.  
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fewest grade ≥1 SH findings in either group were seen in the PIP joints and tendons, although 

seven CSA patients had no tendons scanned at baseline.  

 

 

 
Figure 4-2 Bar charts of grade 1-3 synovial hypertrophy at baseline ultrasound in patients with 

and without inflammatory arthritis at 24-month visit 
IA, inflammatory arthritis; MCP, metacarpophalangeal, joint PIP, proximal interphalangeal joint; MTP, 

metatarsophalangeal joint; DF, digit flexor tendon; ECU, extensor carpi ulnaris tendon; RC, radio-carpal; 

IC, inter-carpal; UC, ulnar-carpal; SH, synovial hypertrophy; IA, inflammatory arthritis. 

 

 

 

 

 

 

 

 
Figure 4-3 Bar charts of grade 1-3 Power Doppler at baseline ultrasound in patients with and 

without inflammatory arthritis at 24-month visit 
MCP, metacarpophalangeal, joint PIP, proximal interphalangeal joint; MTP, metatarsophalangeal joint; 

DF, digit flexor tendon; ECU, extensor carpi ulnaris tendon; RC, radio-carpal; IC, inter-carpal; UC, ulnar-

carpal; PD, Power Doppler; IA, inflammatory arthritis. 
 

 

The graphs in Figures 4-3 and 4-4 show the joints with most prevalence of grade ≥1 SH were 

in metacarpophalangeal joints (MCPJ) 2 and 3, metatarsophalangeal joint (MTPJ) 2 and the 

wrist joints. These joints also had the most PD grade ≥1 with the exception of the MTP joints 
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ACPA positivity was significantly higher in the RA group (p=0.04) despite the sample size in 

both groups being small. There was a non-significant difference in Rheumatoid factor positivity 

between the groups (p=0.074), suggesting that ACPA is more specific in predicting the 

development of RA in patients with CSA. 

 

4.5.6 Ultrasound data for patients with Rheumatoid Arthritis or another inflammatory 

arthritis at 24 months 

The baseline visit ultrasound data for the CSA patients that went on to develop inflammatory 

arthritis were examined. These patients were separated in to those with a diagnosis of RA, and 

those with another form of inflammatory arthritis. Presence of grade 1-3 synovial hypertrophy 

and Power Doppler was compared between these two groups (Tables 4-11 and 4-12). 
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Figure 4-4 Bar charts of grade 1-3 synovial hypertrophy at baseline ultrasound in patients with 

Rheumatoid Arthritis or another inflammatory arthritis at 24-month visit 
RA, Rheumatoid Arthritis; IA, inflammatory arthritis; MCP, metacarpophalangeal, joint PIP, proximal 

interphalangeal joint; MTP, metatarsophalangeal joint; DF, digit flexor tendon; ECU, extensor carpi 

ulnaris tendon; RC, radio-carpal; IC, inter-carpal; UC, ulnar-carpal; SH, synovial hypertrophy; IA, 

inflammatory arthritis. 

 

 

 

 
Figure 4-5 Bar charts of grade 1-3 Power Doppler at baseline ultrasound in patients with 

Rheumatoid arthritis or another inflammatory arthritis at 24-month visit 
RA, Rheumatoid Arthritis; IA, inflammatory arthritis; MCP, metacarpophalangeal, joint PIP, proximal 

interphalangeal joint; MTP, metatarsophalangeal joint; DF, digit flexor tendon; ECU, extensor carpi 

ulnaris tendon; RC, radio-carpal; IC, inter-carpal; UC, ulnar-carpal; SH, synovial hypertrophy; IA, 

inflammatory arthritis. 

 

 

 

 

4.6 Discussion 

The ability to predict which patients with joint pain but without clinical synovitis go on to 

develop RA or another inflammatory arthritis is important as it will help guide clinical decision 

making and reduce patient morbidity. In this study, Rheumatoid factor positivity was 



 

 

183 

 

significantly associated with CSA patients progressing to an inflammatory arthritis, and Anti-

CCP positivity was significantly associated with development of Rheumatoid arthritis within 

two years after diagnosis of CSA. This is already known from previous studies.155 72 

 

The ultrasound data on CSA patients at time of diagnosis revealed there was significantly more 

grade ≥ 1 SH in MCPJ 2 and 3 in those patients that progressed to an inflammatory arthritis by 

24 months follow up (p<0.05). Also, there were only grade 3 SH or PD in the group that went 

on to have IA. This suggests that presence of synovial hypertrophy on baseline ultrasound in 

MCPJ 2 and 3 may predict those CSA patients that will go on to develop IA within the next 2 

years. Prevalence of PD grade ≥ 1 was not significantly higher in the group that went on to have 

IA. Another study of 163 patients with arthralgia also found presence of abnormal SH on MSUS 

in MCP 2-3, PIPJ 2-3 and/or wrists was significantly associated with development of 

inflammatory arthritis, but the same association was not seen with presence of PD.146 Other 

studies have suggested that presence of PD on US may predict development of RA.231-233   

 

This study unfortunately had a small sample size of patients with clinically suspect arthralgia 

at baseline assessment, who also had the required follow up data 24 months later. The exclusion 

criteria needed to be rigid to ensure all relevant follow up clinical data and baseline ultrasound 

assessments were available and reliable.  The COVID-19 pandemic also impacted upon the 

sample number, as several CSA patients had a 24-month BEACON visit postponed due to 

lockdown in 2020. Some 24 month CSA data has also been lost by patients not attending follow 

up study visits; many of these lost to follow up patients may have had resolution of their joint 

problems so not including this follow up data may skew results. 
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Further limitations in this study include the different ultrasound machines used at Queen 

Elizabeth and City Hospitals in Birmingham. However, they had been centrally calibrated 

before being moved to different sites, were from the same manufacturer with similar operating 

systems, and used the same probes. Also there were several sonographers who had scanned 

patients over several years. The CSA patients scanned by one sonographer were excluded as 

images were not available to be able to perform reliability studies. The Kappa co-efficient for 

reliability studies was weak and moderate for the two sonographers. However, this is 

comparable to other similar studies232 234 and at the lower end of the range inter-observer 

reliability scores seen with an OMERACT consensus study.235 In future, data from this study 

will be more reliable as more scans will be from a fewer number of sonographers. 

 

It is possible that the initiation and continued treatment with DMARDs in the CSA group (of 

which there were 5/21 at 24-month diagnosis) may have prevented the manifestation of 

persistent inflammatory arthritis. Particularly because three of these patients had at least one 

joint with evidence of synovitis on baseline ultrasound. This may have skewed the results, 

therefore it may have been helpful to run additional analysis to include the five patients in the 

“non-IA at 24 months” group who were on DMARDs, with the IA group, and compare against 

the remaining 16 non-IA patients. 

 

The presence of tenosynovitis on ultrasound in CSA patients has been suggested in other studies 

as a helpful predictive tool in determining the development of persistent RA from an unselected 

inception cohort of new onset inflammatory arthritis.150  Unfortunately there were not many 

data on tendons available in this study because tendons only became part of the ultrasound 

scanning protocol more recently, meaning it was missing for CSA patients recruited earlier on. 
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There is a gap in the literature on tendon data and prediction of patients with arthralgia going 

on to develop inflammatory arthritis.236 

 

Some of the information with regards to the EULAR consensus criteria for CSA were not 

collected prior to its publication such as: ability to form a fist, symptoms being worse in the 

mornings, and symptoms located in the MCP joints. These variables are now formally collected 

via BEACON assessment forms to allow evaluation in future research projects.  

 

Comparison of the baseline characteristics of those CSA patients that went on to develop IA 

within 2 years and those that did not, showed that the non-IA group had significantly more CSA 

patients with less than one year duration of arthralgia symptoms before initial diagnosis, which 

is contrary to what is suggested by the  EULAR consensus criteria. There were more patients 

in the non-IA group with tender MCPJs (taken as an implication these patients would have had 

a positive MCP squeeze test) at baseline assessment (p=0.055), which again contradicts the 

EULAR consensus criteria for CSA.  The CSA consensus criteria may mean that patients with 

musculoskeletal complaints were more likely to be diagnosed with CSA if they had a relatively 

short duration of symptoms and if they had a positive MCP squeeze test, but these two clinical 

features may not actually be predictive of development of IA. In a study of 315 CSA patients, 

positive MCP squeeze test was not predictive of development of IA.237 There is little evidence 

in the literature for duration of CSA symptoms less than 12 months being associated with 

progression to RA, with some studies excluding CSA patients with a longer duration of 

symptoms.238 A study of 465 patients with unselected hand arthralgia found duration of 

symptoms less than one year and MCP squeeze test both significantly associated with 

development of RA but these patients did not all have CSA at baseline.231 
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This study has revealed some interesting information with some significant results despite 

having small number of CSA patients. Similar to other studies RF, and ACPA were associated 

with development of RA, and SH grade  1 in MCP 2 and 3 was associated with progression to 

IA. Contrary to other studies presence of PD grade  1 was not associated with development of 

RA, but one study has suggested that MSUS is not helpful at all as a predictive tool in CSA.234 

This study aimed to test the validity of the seven EULAR consensus criteria for CSA and found 

a higher prevalence of CSA patients in the group that did not progress in to IA had a positive 

MCP squeeze test, and although this was not significant it was similar to another larger study.237 

Also, more CSA patients who did not progress to IA had a duration of symptoms less than 1 

year, which is again contrary to what is expected and needs further investigation. Within the 

next one to two years there should be more 24-month BEACON visit data available for these 

patients which should expand the study size allowing further analysis of the EULAR CSA 

consensus criteria, and also further evaluation of the clinical and ultrasound features of CSA 

patients that may predict those who go on to progress to RA. In future studies, observing 

composite ultrasound joint count data rather than just individual joint data may improve the 

study power and ability to draw significant conclusions. CSA ultrasound data may also be 

compared against the ultrasound data for joints and tendons from the healthy subjects in this 

thesis, to determine if patients with CSA have different ultrasound findings than would be 

expected in the normal healthy population. 
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5 GENERAL DISCUSSION 
 

 

The main body of work in this thesis was the OMERACT minimal disease project where 

collaboration between 23 international centres has resulted in a study of >900 healthy subjects 

(HS) to study ultrasound findings in joints across the age range. The aim was to define normal 

age-related findings on ultrasound in healthy subjects at the ages when RA typically presents, 

thus providing an age-based reference range to interpret ultrasound results for patients 

presenting with symptoms that may represent undiagnosed early inflammatory arthritis. 

 

The ultrasound data on digit flexor (DF) and extensor carpi ulnaris (ECU) tendons in HS across 

the age range has been published in the Annals of the Rheumatic Diseases and will hopefully 

provide control data for future studies on tendons in Rheumatology ultrasound. Inflammation 

in tendons may be an important indicator of progression of inflammatory arthritis. The abstract 

of this data, presented orally at the American College of Rheumatology conference in 

November 2018, has already been cited by one paper indicating that the published full tendon 

data will be referenced by many future Rheumatology ultrasound studies. 

 

The eventual publication of the HS joint ultrasound data should similarly provide important 

healthy control data for future studies. Unfortunately, my thesis does not contain the final joint 

data because a centralised regrading exercise of all images will first take place, and is beyond 

the scope of my thesis. In hindsight, before data collection began there should have been more 

extensive reliability studies. However, it was unexpected that there would be such 

inconsistencies in joint grading as all the collaborating centres were all very experienced 

OMERACT contributors.  

 



 

 

188 

 

The production of MSUS grading atlases for MTPJs and wrist joints was an unexpected side 

project, but it should be a useful educational resource for future OMERACT projects, future 

ultrasound research and also clinicians scanning these joints in clinic. It is important this study 

has highlighted consistencies in grading these joints, and now with further education and 

reference resources Rheumatology sonographers should be grading these joints more 

consistently. 

 

A minor drawback of the protocol of the minimal disease study was that it did not initially list 

all the final exclusion criteria for HS such as pregnancy and history of autoimmune conditions. 

It was only through a data cleaning exercise that it became apparent the exclusion criteria were 

not broad enough. It would also have also been helpful to record dominant side in all centres. 

The recording of occupations and physical hobbies could have been more specific to facilitate 

analysis of results. 

 

A limitation of the minimal disease study was that the HS were very healthy and had no joint 

pain. The CSA project in Chapter 4 aimed to examine the clinical and ultrasound features of 

patients with inflammatory joint pain and identify which patient went to go on to have RA or 

IA. Unfortunately, the CSA data was impacted in part by COVID-19 and did not include enough 

patients with 24 month follow up data to draw significant conclusions. However, in the near 

future the department should have more CSA patients with 24 month follow up data. There will 

also be less sonographers performing the scans to reduce reliability issues. 

 

The minimal disease study excluded patients with a diagnosis of osteoarthritis (OA) according 

to ACR criteria. This may not have fully exclude all Hs with OA because it requires presence 

of hand pain or stiffness in additional to clinical examination findings of OA, therefore some 
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HS with mild asymptomatic hand OA may have been recruited. The exclusion of OA makes 

the real world applicability of this data more difficult because it is very common in the general 

population, particularly in the age range that RA typically presents. However, another 

OMERACT ultrasound working group is examining ultrasound findings of OA. 

 

This thesis presents data on what is currently the largest cohort of HS throughout the age range 

with ultrasound findings. With the CSA data we have given an example of its applicability in 

future research. 
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6 Appendices 
 

Appendix 1 Minimal Disease Study Protocol  
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Appendix 2 Wrist Atlas 
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Appendix 3 MTPJ Atlas 
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Appendix 4 BEACON CRF 
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