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Figure 6.9 US of wrist: Gray scale with corresponding Power Doppler 

Each patient assessment took approximately 30 minutes and representative 

Images were archived. Inter-observer reliability was determined by a second 

experienced rheumatologist ultrasonographer (RJW) performing US assessments of 120 

joint regions in a random subset of 15 patients, and comparing the fmdings of the two 

rheumatologists. Each examiner performed their US assessment independently and 

sequentially, blinded to all other study data. Intra-observer reliability was assessed by 

blinded re-scoring of the archived US images in the same subset, approximately 12 

months after the original US assessment. 
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6.5.9 Analysis 

Data evaluation and statistical analysis was carried out using SPSS Version 

11.5. Normally distributed continuous data were analysed using parametric tests 

(independent t-test, ANOV A) and were summarised with means and standard 

deviations. Non-normally distributed and ordinal data were analysed using non­

parametric tests (Mann-Whitney U, Kruskal-Wallis) and were summarised with 

medians and ranges. Categorical data were analysed using Chi-squared tests. The Holm 

correction (Holm 1979) was used to correct for multiple comparisons on a family-wise 

basis. Critical P for testing at the 5% level of significance was set at P=0.003 for Chi­

squared, Mann-Whitney U and Kruskal-Wallis tests, and at 0.005 for independent t­

tests and ANOV As. Inter and intra-observer agreement was calculated by overall 

agreement (percentage of observed exact agreement), intraclass correlation coefficients 

(lCC) and kappa statistics (un-weighted for dichotomous scoring e.g. presence/absence 

of synovitis; weighted for semi-quantitative scoring). 
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6.6 Results 

6.6.1 Patient demographics 

One-hundred and seven patients satisfied the physician remission inclusion 

criteria. All provided written consent prior to taking part in the study. The study 

population was predominantly female (66%) with a mean age of 56 years. The control 

group comprised 71% females with a mean age of 38 years. Sixty four percent of 

patients were RF positive and 61 % were shared epitope positive. The mean disease 

duration was 7 years and median period of remission was almost 2 years. Eighty-one 

percent had evidence of radiographic erosions in the hands or feet. Ninety-nine percent 

of the study subjects had received OMARD therapy during the course of their disease 

and the majority had received more than one drug. Ninety-two percent of the cohort 

were currently taking DMARD therapy, with oral methotrexate and sulphasalazine 

being the most commonly used medications; 24% were taking combination therapies; 5 

patients were currently receiving biologic drugs either as mono or combination therapy 

and 4 patients had previously received biologic therapy. Forty percent were currently 

receiving an NSAIO prescription and 2% were taking oral prednisolone (~5mg). (Table 

6.1) 
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Age (m ean. range) 56 years (23-8 1) 

Sex 66% female, 34% male 

Duration of RA (median. range) 7 years (2-38) 

Rheumatoid factor +ve (>40iu) (m ean titre) 64% (249) 

Shared epitope positive 6 1% 

hOl1lo'!J'gote 15% 

hetero'!J'gote 46% 

Duratioll 0fremission [median (range)) 22 months (6- 144) 

Radiographic erosions in hands amI/or feet 81% 

% patients with 
69% 

eros ions 
Hands/wrists Erosion score 4 (0 - 5 1) 

Radiographic scoring 
JSN score 2 (0 - 39) 
Total score 6.5 (0 - 90) 

[median (range)] 
% patient wi th 

65% 
(total n=94) erosions 

Erosion score 2 (0 - 24) 
Feet 

JSN score I (0 - 32) 

Tota l score 2.25 (0 - 48) 

0 8% 

I 68% 38% PO MTX; 21 % SSZ; 
Current DMA RD therapy I % biologies 

(median I; range 0-3) 2 18% 9% SSZlMTX; 4% 
biologicslMTX 

3 6% 5% SSZIMTXlHCQ 
0 46% 

Most MTX or SSZ 
I 32% 

Previous DMA RD therapy 
2 13% 

monotherapyl combination 
(median I; range 0-4) 

3 8% 
therapy; 

4 2% 
3% previous biologies 

Current NSA ID 40% 
Current oral steroid 2% (all <5m~) 

Table 6.1 Demographics of RA cohort 
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6.6.2 Clinical, laboratory, function and quality of life assessments 

Clinica l and laboratory measures of disease activity were all low, as measured 

by Likert scale and V AS, duration of early morning stiffness, formal joint counts and 

acute phase markers (Tab le 6.2). The group had generally low levels of functional 

impairment and disability as assessed by HAQ and only mild quality of life impairment 

as measured by RAQoL. 

Likert scale [ %] VAS (0-100) [median (range)] 

Nil Mild Moderate Severe 

Fatiglle 89 3 7 1 20 (0-8 1) 
Joint pain 79 15 6 0 14 (0-8 1) 

Patient global assessment n/a n/a nJa n/a 14 (0-7 1) 
Physician's global 38 62 0 0 10 (0-30) 

assessment 

Early morning stiffness [median (range)] o minutes (0- 120) 

Painflll joint count (/80) [median (range)) 0(0-22) 
Tender joint count (/28) [median (range)] 0_(0- 15} 

Swollen joint count (/28) [median (range)] 110-13) 

PV [mean. standard deviation] 1.6410.091 
ESR (mm/hI) [median (range)] 10 1-571 
CRP (m~/L) [median (range)] 5 iO-30) 

Function HAQ Disabi lity score 0-3) [median (range)] 0.38(0-2.5) 
Quality of life RAQoL (0-30) [median (range)] 3 _LO-23) 

ACR Yes 59 (55%) 
Remission No 48 (45%) 

Remiss ion (score <2.6) 61 (57O/~ 

DAS28 
Low disease activUY (score >2.6 & <3.2) 21 (20o/~ 

Moderate disease activUY (score> 3.2 & <5. I) 24i22%) 
High disease activi!Y(score >5. /) 1 il O/~ 

Table 6.2 Clinical laboratory, function and quality of life assessments 
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6.6.3 Established remission criteria assessment 

Of the 107 patients in physician remission, 55% fulfilled the ACR remission 

criteria and 57% satisfied DAS28 remission (DAS28 score <2.6) (Table 6.2). The mean 

DAS28 score was 2.5 (SD 0.96; range 0.64-5.42). 

6.6.4 Ultrasonography 

Ninety patients (85%) had evidence of synovial hypertrophy with gray-scale and 

60% had increased PD signal, confirming active synovitis. In all patients, 843 joint 

regions in the hand and wrist were examined with US. Eighty-six percent (725) of these 

joints had no clinical synovitis (SJC=O) on clinical assessment. Of these, 36% (263) had 

synovial hypertrophy detected with US, despite normal clinical findings. Of the 354 

joints with US synovial hypertrophy, 82% (291) were graded as mild, 16% (57) 

moderate and 2% (6) severe using the Leeds score. Increased PD signal was 

demonstrated in one third of these joints. Tenosynovitis was uncommon but was more 

likely to be detected at the wrist (Table 6.3). 

The reliability of US imaging was calculated. For inter-observer reliability exact 

agreement was found in 91 % for presence/absence of synovial hypertrophy and 92% for 

PD signal, with a kappa 0.60 for presence/absence of synovial hypertrophy. Using the 

semi-quantitative grading system, exact agreement was found in 38% for synovial 

hypertrophy and 92% for PD, with a weighted kappa of 0.53 and ICC of 0.57 for 

synovial hypertrophy. For intra-observer reliability exact agreement was found in 82% 

for presence/absence of synovial hypertrophy and 90% for PD signal, with a kappa 0.60 

for presence/absence of synovial hypertrophy and 0.62 for PD. Using the semi-
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quantitative grading system, exact agreement was 66% and 60%, with a weighted kappa 

of 0.55 and 0.59, ICC 0.54 and 0.38 for synovial hypertrophy and PO respectively. 

Number of patients with US pathology 

Gray-scale synovitis [number (%)] 90 (84.9%) 

Increased PD signal [number (%)] 64 (60.4%) 

Tenosynovitis [number (%)] 40 (37.7%) 

Frequency (%) of US pathology (per patient, per joint) 

MCP2 MCP3 MCP4 MCP5 

Synovitis 67.9 64.2 44.3 33.0 

Power Doppler 13.2 14.2 3.8 1.9 

US RCJ UCJ DRU Inter-Carpal 

Synovitis 38.1 39.0 18.3 30.5 

Power Doppler 34.3 18.1 5.8 18.1 

Table 6.3 US findings in 'remission' 

6.6.5 Established remission criteria vs. imaging measures of disease activity 

Eighty-one percent and 55% of patients in ACR remission had US synovitis and 

PD signal respectively, compared with 84% and 51 % of patients in OAS28 remission. 

Patients not satisfying ACR or DAS28 remission criteria were more likely to have a 

significantly greater number of joints with US-detected synovial hypertrophy; 90% 

patients not in ACR remission compared with 81 % in remission, and 100% patients in 

OAS 28 remission compared with 84% in remission. 
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6.6.6 Complete clinical remission vs. US synovitis 

Despite a total absence of joint symptoms and signs, 73% of patients in 

complete chnical remission had US synovitis with associated PO flow in 43% (Table 

6.4) . 

Variable 
Zero prrls >Zero 

P-vallle 
joints prrls joints 

N (% of total patients) 3 1 (29 .0) 76 (71 .0) nla 
Early morning stiffness (min utes) [median 

0(0 - 60) 0(0 - 120) MWUO.032 
(ral1~e)7 

Joint pain : nil 26 (83 .9) 70 (92. 1) 
[n, %J mild 2 (6.5) 1 (1.3) 

Chi 0.059 
moderate 2 (6.5) 5 (6 .6) 
severe I (3.2) 0(0) 

VAS (mm) [median (range)] 
Fatigue 

22.0 (0 - 66) 20.0(0 - 81) MWU O. 706 loint pain 
Patient global di sease activity 11.0 (0 - 28) 18.0(0 - 81) MWUO.OI 2 

12.0(0 - 47) 16.5 (0 - 71) MWUO.052 
Physician global disease activity 

8.0 (0 - 22) 11 (0 - 30) MWUO.OIO 
Physician 's global assessment: 

18(58.1) 23 (30.3) Asymptomatic hi 0.007* 
Mild 13 (4 1.9) 53 (69 .7) 

Joint counts - median (range) : 
0(0 - 0) 0(0 - 22) MWU<O.OOI Painful 

Swoll en 0(0 - 0) 2 (0 - 13) MWU<O.OOI 

Tender 0(0 - 0) 1 (0 - \ 5) MWU <O.OOI 

HAQ di sability score [median (range)] 0.25 (0 - 2.5) 0.44(0- 2.25) MWUO.062 

RAQoL {median (ranJ!e)J 3 (0 - \ 7) 3(0 - 23) MWUO.288 
CRp· (mg/L) [median (range)] 0(0 - 15) 5(0 - 23) MWUO.515 
ES R

b 
(mm/hr) [median (range)J 9 (2 - 34) 9.5 (2 - 52) MWUO.5/4 

PVc {mean (s tandard deviation)l \ .60 (0.07) 1.63(0. 10) TO.06..! 
AC R remission criteria met 29 (93.5) 30 (39.5) Chi <0.001 
DAS28 di sease activity category 
Remission 29 (93 .5) 30 (39.5) 
Low disease activi ty 2 (6.5) \ 9 (25 .0) Chi <0.001 
Moderate disease ac tivity 0(0) 24 (31.6) 
High di sease activity 0(0) 0(0) 

Total number of patients with synovi ti sd 22 (73.3) 68 (89 .5) Chi 0.037 
Total number of joints with synov itis 
MCPs [median (range)] \ (0 - 4) 3 (0 - 4) 

MWU<O.OOI Wrist 0(0 - 3) I (0 - 4) 
Total 2 (0 - 6) 4 (0 - 8) 
Total number of patients wi th increased PD 

13 (43 .3) 50 (65 .8) 
Chi 0.210 

signald 

Total number of patients with tenosynovitisd 7 (23.3) 33 (43.4) Chi 0.055 .. 
Bold slglllfies a statl sllcally slglllficant difference. • Trends towards a difference, which followmg correctIOn for 
multipl e comparisons were not sign ifi cant. • N = 31 174,b N = 30176,< N = 25/66,d N = 3 

Table 6.4 Complete clinical remission (i.e. zero painful/tender/swollen joints) 
vs. clinical, laboratory and imaging measures of disease activity of RA cohort 
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6.7 Discussion 

One hundred and seven RA patients were identified as being in a state of 

remission based on clinical assessment by their consultant rheumatologist (physician 

remission). Such an assessment accurately reflects the pragmatic clinical judgments that 

are made every day in routine rheumatology practice. Objectively, all of these patients 

had clinical and laboratory measures which confirmed low levels of inflammation. 

Applying the established remission criteria, the cohort was divided into two roughly 

equal sets of ACR and DAS28 remission and non-remission. In addition, employing our 

definition of complete clinical remission, one third of the patients had a total absence of 

painful, swollen or tender joints. However, when disease activity was assessed using 

US, the majority of patients had ongoing active synovitis, irrespective of which criteria 

were used to define remission. Furthermore, there were no significant differences in the 

number of patients with US synovitis and their remission status determined by either 

ACR or DAS28 classification or joint count metrology. These observations provide 

evidence that current methods of remission assessment including DAS and ACR 

remission criteria do not necessarily correlate with an absence of disease so may be 

inaccurate measures of true RA remission. 

The findings from this study may have a number of important 

pathophysiological implications. These data provide a possible pathological explanation 

for the paradoxical observation that patients in apparent remission may experience 

progression of joint damage (Mulherin, Fitzgerald et a1. 1996; Molenaar, Voskuyl et a1. 

2004). The primacy of synovitis in RA and a direct link between inflammation and 

structural damage has been established using MRI (McGonagle, Conaghan et a1. 1999; 
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Conaghan, O'Connor et a1. 2003), and it is recognized that even relatively small 

amounts of MRI synovitis or bone oedema may cause new erosions (Ostergaard, 

Hansen et a1. 1999; Huang, Stewart et a1. 2000; McQueen, Benton et a1. 2003) and that 

bone damage is unlikely to occur in the absence of inflammation (Conaghan, O'Connor 

et a1. 2003). A recent study has also demonstrated that US synovitis correlates to x-ray 

damage 1 year on (Taylor, Steuer et a1. 2004) in patients with RA. Given this evidence, 

one may predict that the synovitis identified in this cohort may result in subsequent 

structural damage. Therefore, the persistence of active synovitis may be the explanation 

for adverse outcome despite patients achieving ACR and OAS28 remission. 

Ultrasonography was used to assess the degree of sub-clinical disease in this 

large cohort of RA patients in clinical remission and identified ongoing synovitis. The 

advantage of US over clinical assessment has again been demonstrated, with 

approximately a third of clinically normal joints having synovial hypertrophy on US. 

Ninety-two percent of patients in this cohort were receiving OMARD therapy, almost 

exclusively traditional non-biologic drugs. It may be that such therapies are not 

sufficiently potent to completely suppress inflammation, and that US imaging is 

required to assess these patients to decide whether increase in OMARD therapy is 

required. The reliability of US has again been demonstrated, consistent with published 

data (Backhaus, Kamradt et al. 1999; Qvistgaard, Rogind et a1. 2001; Ribbens, Andre et 

a1. 2003; Szkudlarek, Court-Payen et al. 2003) in patients with higher levels of 

synovitis. 
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This study confirms the hypothesis that the majority of patients achieving ACR 

and DAS28 remission status as well as asymptomatic patients with no objective signs 

on joint assessment have sub-clinical synovitis when assessed with US. Therefore, it 

appears that such clinical remission criteria may not select patients with an absence of 

inflammation and as such may be inaccurate measures of true remission. This 

observation may explain the apparent discrepancy between clinical improvement and 

progression of joint damage in some patients with RA and could be important in 

determining therapeutic decisions such as how far to pursue disease suppression. 

Ultrasonography is a sensitive measure of joint inflammation and may provide a 

more accurate assessment of remission. Modification of the current RA remission 

criteria may be required in light of these findings in order to optimize disease activity 

assessment and facilitate the most favourable outcome for our patients. These data 

support the use of US for accurate assessment of disease state even when clinical 

measures of response have normalised, and suggests that true remission should be 

defined with an imaging (in this case US) based assessment. 
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6.8 Subsequent literature 

The work from this chapter has only just been completed and there are no 

relevant additional publications to my knowledge. 

6.9 Summary 

In this chapter we continue the theme of this thesis assessing the role of US in 

patients with clinical remission. This study again reveals the insensitivity of clinical 

assessment and also the degree of sub-clinical disease present even in this group with 

apparently low disease activity, demonstrating widespread synovitis regardless of the 

type of remission criteria imposed. This suggests that US because of its validity, and 

easy use should be included in any future definition of remission. The reliability of US 

in low grade synovitis is also established for the first time. 

Future work is ongoing with his cohort to assess the long tenn outcome of sub­

clinical disease. Healthy age-matched controls are required to differentiate between 

normal and abnormal perfusion, and any US findings in this sub-group should be 

correlated with other standards such as MRI or ideally histology. 
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Chapter 7 
7.1 Clinical Utility: Predictive validity of US-detected 

synovitis 

7.2 Clinical relevance 

Hand pain with significant stiffness is a common clinical presentation to 

rheumatologists. These patients often lack clinical evidence of inflammation which 

makes diagnosis challenging, and the knowledge that some of these patients may 

develop a persistent arthritis is of concern. Our group has demonstrated sub-clinical 

synovitis in many patients groups and we hypothesised that detecting synovitis would 

predict how patients respond to therapy. 
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7.3 Abstract 

7.3.1 Aims 

Hand pain with stiffness without obvious clinical synovitis is a common clinical 

presentation to rheumatologists, with the outcome varying from spontaneous resolution 

of symptoms to the development of rheumatoid arthritis. This study assessed the 

response and predictors of response to intramuscular methyl prednisolone (lM MP) and 

hydroxychloroquine (HCQ) using a standardised treatment protocol. 

7.3.2 Methods 

Patients were defined as having inflammatory hand pain (HIP) if they had 

predominant hand pain and morning stiffness of at least 30 minutes duration, with 

specific exclusions. All received a standardised clinical US assessment prior to 

receiving IM MP. Response (primary outcome) at 4 weeks was a patient perceived 50% 

improvement in symptoms; responders who relapsed received repeat IM MP and HCQ. 

7.3.3 Results 

102 patients were recruited. 21 % RF positive, 23% had clinical synovitis, 25% 

raised CRP and 55% US synovitis. 73% satisfied our definition as responders, reflected 

by significant reductions in morning stiffness, HAQ, painful and tender joint counts, 

and patient VAS's (p::::0.006 for all). US synovitis (p<O.OOI) and RF (p=O.04), but not 

clinical synovitis (p=0.74), were significantly associated with response to IM MP. 86% 

who remained on HCQ long-term reported a benefit. 
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7.3.4 Conclusions 

Treatment with IM MP produces significant improvement of symptoms and 

function in most patients with IHP. Presence of US synovitis and RF were the best 

predictors of response; responders whose symptoms recurred benefited from repeat IM 

MP and HCQ. This study suggests a practical management algorithm for patients with 

IHP. The potential role of imaging-detected synovitis in predicting response requires 

further investigation. 
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7.4 Introduction 

The presence of concomitant hand pain and stiffness is common, accounting for 

between 5-50% (Wolfe, Ross et a1. 1993; van der Horst-Bruinsma, Speyer et a1. 1998; 

Quinn, Green et a1. 2003) of presenting complaints to rheumatologists. These patients 

often lack clinical evidence of inflammation which makes diagnosis challenging and 

less reliable (Gormley, Steele et a1. 2001). Their outcome however is not necessarily 

benign as such patients can develop persistent, joint-damaging disease such as RA. 

Using classification criteria for RA in patients with recent onset arthritis has inherent 

difficulties as classic features may be absent early on (Harrison, Symmons et a1. 1998; 

Green, Marzo-Ortega et a1. 1999), but also because only a small number of patients that 

fulfil criteria at presentation continue to do so after a few years (Mikkelsen and Dodge 

1969; O'Sullivan and Cathcart 1972; Dugowson, Nelson et a1. 1990). 

Studies that have assessed patients with so-called early undifferentiated disease 

have usually defined their cohort by a failure to satisfy other accepted diagnostic 

criteria, whilst also including features suggesting the potential to evolve into a 

persistent inflammatory arthritis (Wolfe, Ross et a1. 1993; van der Borst-Bruinsma, 

Speyer et a1. 1998; Quinn, Green et a1. 2003). The lack of a specific diagnostic 

category, with patients being variably labelled as 'undifferentiated arthritis' (UA) 

(Schumacher 2002) or 'hand undifferentiated arthritis' (BUA) (Quinn, Green et a1. 

2003), makes comparisons between studies difficult. Hand involvement has also been 

suggested as a specific marker of poor prognosis having the greatest likelihood of 

persistence of symptoms and DMARD use (Jansen, van Schaardenburg et a1. 2002). 
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Synovitis on clinical examination (Boers, Kostense et al. 2001) and MRI 

(Conaghan, O'Connor et al. 2003; Mc Queen, Benton et al. 2003; Ostergaard, Hansen et 

al. 2003) predicts bone damage in RA and large cohort studies suggest early DMARD 

therapy in RA improves outcome (Boers, Verhoeven et al. 1997; American College of 

Rheumatology Subcommittee on Rheumatoid Arthritis 2002; Landewe, Boers et al. 

2002; O'Dell, Leff et al. 2002). Imaging modalities such as US (Backbaus, Kamradt et 

al. 1999; Karim, Wakefield et al. 2001) and MRI (Klarlund, Ostergaard et al. 1999; 

Goupille, Roulot et al. 2001; Conaghan, O'Connor et al. 2003; McQueen, Benton et at. 

2003; Ostergaard, Hansen et at. 2003) are able to detect synovitis in joints without 

clinically detectable synovitis, so called 'sub-clinical' synovitis. 

Ultrasonography has also demonstrated good levels of reliability at detecting 

synovitis in the small joints of the hands (Backhaus, Kamradt et at. 1999; Ribbens, 

Andre et al. 2003). It could be envisaged that imaging-detected synovitis may be used 

to enhance existing classification criteria, thereby allowing for earlier diagnosis and 

therapeutic intervention, with consequent improved outcome. Ultrasonography is safe, 

relatively inexpensive and can be used for multiple real-time, dynamic assessments in 

the outpatient setting offering a valuable addition to the evaluation of patients with 

early inflammatory arthritis. Such attractive attributes have contributed to the increasing 

use of ultrasonography by rheumatologists throughout Europe and more recently in 

North America. 

Corticosteroids are used to treat a flare of inflammatory symptoms and to 

maintain disease control in oligoarthritis (Green, Marzo-Ortega et at. 2001), RA (Boers, 

Verhoeven et at. 1997), and osteoarthritis (Hochberg, Altman et al. 1995; Creamer 

1997). The actions of corticosteroid include inhibition of cell receptor transcription, and 
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down regulation of adhesion molecule and cytokine (e.g. IL-l, IL-6, TNFa) expression 

(Barnes 1998). Intramuscular methyl prednisolone is used as an alternative to oral 

prednisolone in an attempt to reduce long-term side effects although there is little data 

assessing its efficacy. Hydroxychloroquine, a DMARD with a low toxicity index, has 

been used with benefit in RA (Clark, Casas et a1. 1993; Tsakonas, Fitzgerald et a1. 

2000), connective tissue disease (Williams, Egger et a1. 1994) and inflammatory 

osteoarthritis (Robertson, Rice et a1. 1993; Bryant, des Rosier et a1. 1995). Recently it 

has been suggested HCQ works in part by blocking the innate immune response to 

bacteria by interfering with Toll-like receptor signalling and as such may prevent the 

progression to arthritis (Klinman 2003). 

In this proof of concept study we tested the hypothesis that patients presenting 

with predominant hand pain and stiffness have an inflammatory aetiology to their 

symptoms and should respond to corticosteroids, with those that had evidence of 

synovitis most likely to respond. We wished to establish a practical, clinically useful 

management algorithm and HCQ, chosen because of its mild toxicity, was given to 

responders who subsequently relapsed. Following the logic that inflammation is 

suppressed by steroids and DMARDs, we tested the hypothesis that patients presenting 

with hand pain and stiffness most likely to respond to IM MP would be those with 

synovitis; either clinically or detected by US. In addition, those patients with a good 

response to IM MP have a predominant inflammatory aetiology to their symptoms and 

are therefore most likely to respond to a DMARD. 
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Therefore the primary aim of the study was to assess this group's response to IM 

MP. Secondary aims included predictors of this response US synovitis in particular, and 

the response and predictors of response to HCQ. 
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7.5 Methods 

7.5.1 Patients 

Patients presenting to the Leeds Early Arthritis clinic with symptoms of 

inflammatory hand pain (IHP) of more than 3 months duration failing to respond to, or 

intolerant of NSAIDs were invited to take part. Inflammatory hand pain was defined as 

predominant hand pain, with diurnal variation of symptoms and early morning stiffness 

of the hands (EMS) ::: 30 minutes. Patients with predominant hand pain were assessed 

due to the increased probability of persistence and disease evolution (Jansen, van 

Schaardenburg et al. 2002), and to minimise overlap of patients with classic 

oligoarthritis (mainly affecting lower limbs). Patients with skin psoriasis were included. 

Patients with clinical synovitis in ::: 5 joints, or satisfying ACR classification 

criteria for RA (Arnett, Edworthy et al. 1988) or the European Spondyloarthropathy 

Study Group criteria for spondyloarthropathy (Dougados, van der Linden et al. 1991) 

were excluded. Patients with other inflammatory arthritis including gout, or connective 

tissue illness were also excluded, as were those with a history of sensitivity to 

corticosteroid or hydroxychloroquine. Written informed consent was obtained prior to 

entry into the study and approval for the study was obtained from the Local Research 

Ethics Committee. 

7.5.2 Clinical asessment 

Baseline assessment was undertaken in the early arthritis clinic on a single visit 

and included a full history and physical examination including metrology by an 

independent joint assessor. Clinical synovitis was documented by the assessing 

physician, as defined by two out of three of i) joint swelling, ii) joint tenderness and iii) 

reduced range of movement (Green, Marzo-Ortega et al. 2001; Quinn, Green et al. 

172 



MD Thesis- Or Zunaid Karim 

2003). Other data collected included EMS, pain relieving medication, and 1 Ocm VAS 

for hand pain and stiffness completed by the patient, and for disease activity completed 

by the patient and physician. Functional disability was assessed using the HAQ. 

Laboratory tests included C-reactive protein, rheumatoid factor (RF), anti-nuclear 

antibodies and uric acid, with a RF titre of >40 IU, and an ANA of >1180 titre defined 

as positive. 

7.5.3 Ultrasonography 

Ultrasonography was also undertaken by a single rheumatologist (ZK) 

experienced in US to document synovitis. Synovitis was defined as the presence of 

abnormally hypoechoic intra-articular tissue, which, unlike synovial fluid, is non­

displaceable and only poorly compressible. The 2nd to 5th MCP and PIP joints of the 

hand with the most symptoms, or the dominant hand if similar symptoms, were 

examined using an ATL HOI 3000 (Phi lips) with a 10-5 MHz hockey stick transducer 

with a small footprint size (24xl0mm) to improve access to the finger joints. The 

palmar and volar aspects of all MCP's were assessed plus the radial and ulnar aspects of 

the 2
nd 

and 5th MCPs respectively. The PIP joints were assessed from all 4 aspects as 

above, and each area was imaged in longitudinal and transverse planes. 

7.5.4 Treatment 

Patients received an IM injection of 120mg MP (patients :s 55kg were given 

80mg) at baseline assessment. Patients were then reviewed after 4 weeks to assess 

response and have all baseline assessments except US and blood tests repeated. 

Thereafter patients were reviewed every 12 weeks for a further 48 weeks. The study 

protocol allowed NSAIO or analgesic use for symptom relief during the study period, 

but corticosteroid use other than within the protocol was not allowed. Responders to IM 
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MP who subsequently relapsed (recurrence of original symptoms) were treated with a 

further IM MP and started on HCQ 200mg daily and observed to assess response after 

24 weeks of HCQ treatment.· Non responders continued with NSAID and analgesic 

therapy as required. Any patients who subsequently fulfilled criteria for a specific 

rheumatic condition (e.g RA) had this documented and treated accordingly (Table 7.1). 

Week 0 
Baseline Assessment 

IMMP 

1 
Week 4 Assessment 

~ Yes I 50% Benefit? J No I I ~l 

! 
Review every 

12 weeks 
Relapse? 

" I Yes I No J 
~ ~ 

IM MP, HCQ 
Review every Review every Review every 

12 weeks, assess 12 weeks 12 weeks 

response after 24 weeks 
treatment with HCQ 

Table 7.1 Study design 

174 



MD Thesis- Dr Zunaid Karim 

7.5.5 Outcome assessment 

The primary outcome was response to IM MP at 4 weeks, defined as a 50% 

improvement in patient symptoms (hand pain and stiffness) in response to a direct 

question from the assessor. Secondary outcome measures included change in baseline 

assessments at 4 weeks, change in pain relieving medication use, and predictors of 

response to IM MP. For the later observational ann of the study, response and 

predictors of response to HCQ, also defined as a 50% improvement in patient 

symptoms, were measured. The number of patients evolving into a specific rheumatic 

condition and side effects of therapy including new-onset diabetes or osteoporotic 

fracture were also documented. 

7.5.6 Statistical analysis 

The change in EMS, HAQ, joint counts, and visual analogue scores after IM MP 

were calculated by subtracting individual baseline data from the 4 week follow-up data. 

These changes were then compared between responders and non-responders using non­

parametric Mann-Whitney U tests. Following Bonferroni correction for multiple 

comparisons, critical P for testing at the 5% significance level was set at 0.006 for these 

tests. 

Maximum likelihood logistic regression was performed to identify any variables 

that might affect the odds of responding to treatment. Initially, separate models were 

run for each predictor in order to obtain age- and sex-corrected odds ratios for each. 

Prior to entry into the models, age was converted to a 4-level categorical variable based 

on the quartiles of its distribution. EMS was assigned to three categories: 30-59 

minutes, 60-119 minutes, 2:120 minutes. Having run models for each predictor 
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separately to obtain univariate odds ratios, we then created a multivariate model, which 

consisted of three blocks: demographics (age, sex); markers of inflammation (EMS, 

CRP and RF); synovitis (clinical and US). The demo graphics block was forced into the 

multivariate model, but the variables in the remaining two blocks were added 

sequentially on a stepwise, likelihood ratio basis (inclusion/exclusion criteria 

P=O.05/0.1 ). 

Logistic regression analysis for predictors of response to HCQ could not be 

performed due to the small numbers of non-responders to HCQ. Sensitivity, specificity 

and predictive values were assessed using the standard measures. 
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7.6 Results 

7.6.1 Patient demographics 

One-hundred and sixteen patients were screened, fourteen of whom were 

excluded at screening because they had less than 30 minutes early morning stiffness. 

One-hundred and two patients were recruited and received IM MP but eleven, whose 

baseline characteristics were similar to the rest, did not attend the 4 week assessment 

and were excluded from the study. The majority of the remaining ninety-one patients 

were female (81 %), the mean age was 51 years (18-86), with duration of symptoms 

between 3-18 months (mean 7 months). Four patients were::: 55 kg and received 80 mg 

IMMP 

7.6.2 Baseline assessment 

The RF titre was positive in 21 % (19/89), CRP was raised in 25% (23/91) and 

ANA positive in 5% (4/87). Clinical synovitis was detected in 23% patients (21/91); the 

remaining 70 patients that did not have any clinically-detectable synovitis were labelled 

the 'arthralgia' group. Synovitis was detected by US in 55% patients (50/91) (Table 

7.2). Seventy-two patients were on pain relieving medication at baseline; 44 on 

NSAIDs, 23 on analgesics and 5 on both. 

The median duration of EMS for the group was 60 with a HAQ of 1, PJC of 10, 

TJC of 14, and SJC of 2. The patients VAS for hand pain and stiffness, and disease 

activity were both 55 mm, while the physician VAS for disease activity was 18 mm 

(Table 7.3). 
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Variable All Responders Non- Age/sex-adjusted P= 
patients N= 66 (73%) responders OR 

N=91J%) N = 25 (27%) (95% C.I.) 
Age<41 24 (26) 15 (23) 9 (36) (reference category) -
41-49 21 (23) 16 (24) 5 (20) 2.12 (0.59 -7.64) 0.25 
50-61 23 (25) 18 (27) 5 (20) 2.45 (0.64 - 9.36) 0.19 
~62 23 (25) 17 (26) 6 (24) 1.88 (0.52 - 6.86) 0.34 

Female 74 (81) 53 (80) 21 (84) 0.75 0.75 
(0.21 - 2.60) 

Elevated 23 (25) 18 (27) 5 (20) 1.51 0.48 
CRP (0.48 - 4.78) 

RF positive 19*(21) 18***(28) 1 ** (4) 9.30 0.04 
(1.15 -75.39) 

Clinical 21 (23) 16 (24) 5 (20) 1.23 0.74 
synovitis (0.37 - 4.11) 

Arthralgia 70 (77) 50(76) 20 (80) 0.81 0.74 
(0.24-2.72) 

US synovitis 50 (55) 45 (68) 5 (20) 9.28 <0.001 
(2.84 - 30.35) 

EMS 
30-59 32 (35) 23 (35) 9 (36) (reference category) -
60-119 35 (38) 24 (36) 11 (44) 0.72 (0.24 - 2.19) 0.56 
>120 24 (26) 19 (29) 5 (20) 1.48 (0.41 - 5.39) 0.55 

Table 7.2 Baseline characteristics with OR of response to IMMP 

Baseline characteristics for all patients, responders and non-responders, with odds ratios 

for response to IM MP adjusted for age and sex. RF data not available for 2 patients; 

*total N = 89, **total N = 24, ***total N = 65 
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Table 7.3 Baseline characteristics and change after IMMP 

Baseline characteristics and change after four weeks following IM MP for all patients, non-responders, and responders to steroid. Figures 
presented are medians (range). P values are for improvement in baseline assessments between responders and non-responders using non­
parametric Mann-Whitney U tests. *total N = 90 **total N = 80 

Variable Baseline Change over 4 weeks Mann-
WhitneyU 

test 
All patients Non- Responders Overall Non- Responders P= 

responders responders 
EMS (minutes) <0.001 

60 (30 to 320l 60 (30 to 320) 60 (30 to 320) -30 (-320 to 120) 0(-120 to 120) -35 (-320 to 30) 
HAQ <0.001 

1 (0 to 2.751 1 (0 to 2.13) 1.0610 to 2.75) -0.13 (-1.50 to 0.75) 0(-0.38 to 0.38) -0.38 (-1.50 to 0.75) 
PJC* 10 (0 to 72) 9 (0 to 44) 10 (1 to 72) -3 (-48 to 22) 0(-36 to 22) -6 (-48 to 16) <0.001 
TJC 14 (0 to 72) 18 (0 to 72) 10 (0 to 58) -2 (-43 to 30) 0(-24 to 30) -3 (-43 to 18) 0.006 
SJC 2 (0 to 24) 2(Oto 16) 2 (0 to 24) -1 (-17 to 6) 0(-11 to 3) -1 (-17 to 6) 0.500 

Pain/Stiffness <0.001 
VAS (mm) 55 (3 to 98) 53 (3 to 96) 59.5 (9 to 98) -16 (-71 to 44) -1 (-63 to 44) -26.5 (-71 to 42) 

Disease activity <0.001 
VAS (mm) 55 (2 to 100) 50 (2 to 100) 56 (2 to 98) -16 (-82 to 49) 0(-47 to 49) -20.5 (-82 to 43) 
Physician 0.007 

VAS**(mm) 18 (0 to 91) 18 (4 to 64) 21(0 to 91) -3.5 (-57 to 23) 2 (-52 to 12) -6.5 (-57 to 23) 
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7.6.3 Response to IM MP 

A positive response to IM MP was noted in 73% (66/91) of patients; 28% 

(18/65) were positive for RP and 27% (18/66) of responders had a raised CRP, and 

all 4 patients with a positive ANA responded to IM MP. Sixteen responders (24%) 

had clinical synovitis and 50/66 (76%) had arthralgia, and synovitis was detected by 

US in 68% (45/66) (Table 7.2). Nineteen patients in total discontinued pain 

relieving medication (14 on NSAIDs and 5 on analgesics). 

Age and sex- adjusted logistic regression analyses on individual baseline 

characteristics demonstrated a significant association between response to IM MP 

and US synovitis (OR 9.28, p<O.OOl) and RP (OR 9.30, p=0.04), but not for clinical 

synovitis (OR 1.23, p=0.74) or an elevated CRP (OR 1.51, p=0.48) (Table 7.2). 

There were only small, non-significant differences in baseline assessments between 

responders and non-responders to IM MP (Table 7.3). 

Change in baseline assessments 

Overall responders had a reduction in EMS of 35 minutes and a reduction in 

HAQ of 0.38 compared with no change in both for non-responders (p<O.OOI for 

both). Changes in metrology for responders saw a reduction in PJC of 6 compared 

with no change (p<O.OOl), a reduction in TJC of 3 compared with no change 

(p=0.006), and a reduction in SJC of 1 compared with an increase in 1 (p=0.500) in 

non-responders. The patients VAS for hand pain and stiffness in responders reduced 

by 26.5 mm compared with Imm and VAS for disease activity reduced by 20.5 mm 

compared to no change in non-responders (p<O.OO 1 for both). The physician VAS 

for disease activity reduced by 6.5 mm in responders compared with an increase of 2 

mm (p=0.007) in non-responders (Table 7.3). 
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Predictors of response to IM MP 

Multivariate regression analyses were performed for age, sex, EMS, CRP, 

RF, CS, and US synovitis. Age and sex were forced into the model; all other 

variables were entered on a forwards, stepwise basis. The stepwise selection process 

excluded EMS, clinical synovitis and CRP from the model, leaving age, sex, RF, 

and US synovitis in the model. Of these variables, only US synovitis made a 

significant contribution, with RF being retained in the model but not having a 

sufficiently great individual impact to emerge as a significant predictor. The 

presence of US synovitis at baseline significantly increased the odds of response to 

IM MP (adjusted OR = 8.77, 95% C.1. 2.46 - 31.19, P<O.OOI). The adjusted odds 

ratio for RP was 5.73 (95% C.1. = 0.65 - 50.16, P = 0.115). This model correctly 

predicted 83.1 percent of responders and 50% of non-responders (Nagelkerke R­

squared value 0.341, Hosmer & Lemeshow goodness-of-fit test p=0.56). 

Age and sex did not make significant individual contributions to the model, 

so an additional logistic regression model containing only US synovitis and RF 

(forced entry) was created. This performed somewhat better than the first model, 

correctly predicting 72.3 percent of responders and 79.2% of non-responders to IM 

MP (Nagelkerke R-squared value 0.327, Hosmer & Lemeshow goodness-of-fit test 

p=0.75). In this second model US synovitis at baseline was associated with a 

significant increase in the odds of response (adjusted OR = 7.41, 95% C.1. = 2.51 -

21.82, P<O.OOI), although RF again did not make a significant contribution to the 

model (adjusted OR = 5.48, 95% C.l. = 0.63 - 47.71, P = 0.123) (Table 7.2). 
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7.6.4 Response to HCQ 

Following IM MP 36% (24/66) of responders remained well to the end of the 

study period (52 weeks) and did not receive any further IM MP or HCQ. Sixty-four 

percent (42/66) of responders relapsed (all within 24 weeks) and were treated with 

repeat IM MP and HCQ. Thirty-three percent (14/42) of patients stopped taking 

HCQ within the first 3 months; 11 were unable tolerate HCQ, and 3 were non­

compliant. Of those that remained on HCQ (with minimum follow up of 28 weeks) 

86% (24/28) reported a benefit. Thirty-three percent (8/24) of responders had a 

raised CRP and 22% (5/23) were positive for RF. Twenty-five percent (6/24) had 

clinically-detectable synovitis and 75% (18/24) had arthralgia. Sixty-three percent 

(15/24) of responders had US synovitis at baseline. Seventy-nine percent (11114) of 

the patients who stopped taking HCQ within the first 3 months relapsed. 

Predictors of Response to HCQ 

In patients who remained on HCQ long-term, US synovitis at baseline had a 

positive predictive value of 94% (15/16); compared with 82% (18/22) for arthralgia, 

83% (5/6) for a positive RF, and 89% (8/9) for a raised CRP. All 6 patients with 

clinical synovitis and all 3 with a positive ANA responded to HCQ. 

7.6.5 Other outcomes 

Eight out of91 patients (9%) developed RA during the course of the study; 6 

had responded to IM MP, and 3 of these 6 also responded to lICQ given later. Two 

patients developed psoriatic arthritis, with 1 each labelled as having reactive arthritis 

and gout. No patients developed diabetes and there were no reports of osteoporotic 

fracture. 
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We also compared the finding of clinical synovitis in patients with US 

synovitis. At baseline 50 patients had US synovitis; 16 of whom had clinical 

synovitis (5 patients with clinical synovitis did not have US Synovitis). Forty-five 

responders to IM MP had US synovitis; 14 of whom had clinical synovitis (2 

patients with clinical synovitis did not have US Synovitis) (Table 7.4). 

Clinical Synovitis Arthralgia Total 

US-ve US+ve US+ve US-ve 

All patients 5 16 34 36 91 
Responders 2 14 31 19 66 

Non-responders 3 2 3 17 25 

Table 7.4 US synovitis in polyarthralgia and clinical synovitis 

Relationship between US synovitis, clinical synovitis and response to IM MP. US 

+ve = US synovitis, US -ve = no US synovitis. Nearly half the arthralgia group had 

US synovitis and proportionately more non-responders had clinical synovitis 

without US synovitis than responders. 
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7.7 Discussion 

This is the first study to examine the clinical features of HIP and relate their 

response to IM MP; in particular to study the predictive value of baseline features in 

such patients. This study demonstrated that most patients respond well to IM MP 

and, consistent with our hypothesis, US synovitis at baseline was significantly 

associated with this response. This potentially provides an insight into the 

pathological basis of these patients' symptoms, and may also indicate that our 

traditional methods of assessment are not sensitive enough to detect this level of 

synovitis suggesting a possible role for US. We also observed that many who 

respond to IM MP relapse; and IICQ may be an appropriate choice of DMARD 

therapy in this sub-group. 

We defined response as a patient-perceived 50% improvement in symptoms in 

the absence of any known appropriate outcome measures, and using this definition, 

responders had a significant reduction in most baseline assessments compared to 

non-responders. In addition the reduction in IIAQ of 0.38 following IM MP (Table 

7.3) is greater than what is considered to be the minimal clinically significant 

difference in HAQ for RA (0.22) (Wells, Tugwell et al. 1993), and for a 

combination of arthritides (0.20) (Redelmeier and Lorig 1993), suggesting our 

definition of response is likely to be clinically significant. 

The logistic regression analyses identified 2 models, which only reasonably 

predicted response to IM MP suggesting other factors, not recorded in this study, 

may affect response to steroid. That US synovitis remained a significant predictor of 

response throughout all of the logistic regression models suggests there is an 

association between the presence of US synovitis at baseline and the odds of 
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responding to corticosteroid. Further research with a greater number of patients is 

required to assess the true extent of this. 

Contrary to our expectations clinical synovitis was not a factor at predicting 

response. One explanation may be that clinical examination has poor accuracy in 

detecting "clinically important synovitis" that may be amenable to therapy. In our 

study US detected synovitis in almost half of those without clinically detectable 

synovitis, thus demonstrating the insensitivity of clinical assessment at detecting 

low-grade inflammation. Another explanation might be that patients with clinical 

synovitis have a greater amount of inflammation and our response criteria of greater 

than 50% patient-perceived improvement may have been too stringent excluding 

some patients with a partial response. The fact that 2 patients who developed RA, 

were defined as non-responders according to this criteria might support this. 

This study highlights the varying outcome of this cohort of patients with HIP. 

One third of patients remained well, either due to the impact of corticosteroid or 

spontaneous resolution, although other results suggest this is not an entirely benign 

group. The baseline HAQ scores in our study were similar to those with early RA 

(Wolfe and Cathey 1991; Harrison, Symmons et at. 1996) and inflammatory 

polyarthritis (Guillemin, Suurmeijer et at. 1994), and with over 1 in 10 developing a 

specific chronic inflammatory arthritis these patients should be monitored carefully. 

Most patients in our study did not have clinical synovitis and we also excluded those 

with polyarthritis, but despite our cohort appearing more benign, with less 

documented clinical synovitis, than previous studies (Green, Marzo-Ortega et al. 

2001; Jansen, van Schaardenburg et al. 2002; Schumacher 2002; Quinn, Green et al. 

2003) similar numbers developed a specific rheumatic disease. 
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A possible limitation of the study was that it was a pragmatic study evaluating a 

clinical algorithm, and not a placebo controlled trial. We included patients with a 

diagnosis of OA because this is a common condition that on its own does not 

exclude the presence, or the development, of arthritis such as RA. Another possible 

limitation is that we did not have long-tenn assessments for those patients on HCQ, 

but this reflects standard patient care where patients are asked whether they felt they 

have responded to medication. It could be argued that part of the response to HCQ 

could be a result of the repeat IM MP, but response to HCQ was assessed after 24 

weeks and most patients that stopped HCQ relapsed, suggesting response to HCQ 

rather than IM MP. This highlights the need for a randomised control trial. 

In summary this study provides preliminary evidence, insights into pathology 

and an approach to the management of patients with inflammatory hand pain. We 

suggest that in patients who present with predominant hand pain, stiffness, and signs 

of synovitis one can justify the use of IM MP. Furthennore, those patients with 

synovitis demonstrable on US only should also receive an IM MP injection. Where 

US assessment is not available it is still reasonable to proceed with an IM MP if 

inflammatory symptoms but not signs are present. 

One could predict from our results that the majority of patients would get 

significant short to medium tenn benefit. If they respond to IM MP and have a 

recurrence of symptoms it is reasonable to undertake a trial of IlCQ expecting that 

some will have side effects. 
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7.8 Subsequent literature 

7.S.1 Efficacy of IM MP 

Since this work has been done there has been a randomised placebo 

controlled trial of monthly injections of IM MP in active RA demonstrating that IM 

MP has short term benefit over placebo (Choy, Kingsley et al. 2005). Disease 

activity improved more rapidly than in the placebo group, but this did not continue 

at 6 months. There was however a significant reduction in erosion counts in the 

treatment arm. The treatment group did however, suffer significantly more adverse 

reactions (55 vs 42) including vertebral fracture and diabetes, as well as a 

significantly greater drop in hip bone density compared with placebo. The results of 

this study warn that IM MP given as a series of 24 monthly injections can cause 

considerable side-effects and suggest that if a patient has increased disease activity; 

the best option is to increase DMARD therapy if possible and consider any potential 

benefit of IM MP against the potential risks as described. 
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7.9 Summary 

In this chapter we suggest a possible underlying inflammatory aetiology of many 

patients that present with symptoms, but no signs, to suggest inflammatory arthritis. 

In this study most had sub-clinical synovitis and US synovitis was the best predictor 

of response to IM MP which we assumed was a pointer to an inflammatory 

aetiology. The treatment algorithm we used is a practical way of managing this 

group of patients. 

Further work should include a repeat US assessment to evaluate the outcome of 

sub-clinical synovitis after IM MP and determine whether any change in synovitis 

reflects response. Patients need to be randomised to receive placebo or IM MP to 

remove any placebo effect bias, and also to observe the natural progression of this 

group. 
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Chapter 8 
8.1 Clinical Utility: Impact of Ultrasonography 

8.2 Clinical relevance 

The use of US is increasing because US is safe (uses no ionising radiation), 

non-invasive and can be used repeatedly in an outpatient setting providing 

immediate access for patients. Availability of US varies widely between hospitals 

with most referrals for specific conditions such as rotator cuff tears, often requiring 

a visit to the radiology department and then a return visit to the referring physician. 

There is however a paucity of data assessing its actual impact on patient 

management. This is the first study to assess the impact of US in a rheumatology 

clinic using it as an adjunct to routine clinical assessment. 
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The aim of this study was to investigate the diagnostic and therapeutic 

impact of US in a routine rheumatology setting. 

8.3.2 Methods 

One hundred consecutive referrals for US from rheumatology outpatient 

clinics were assessed. The referring clinicians documented the site-specific clinical 

diagnosis (SSD), overall diagnosis (OD) and management plan before US. 

Ultrasonography was then perfonned in the clinic and the patient immediately 

reviewed by the referring clinician with the US report. Any change in diagnosis or 

management as a result of US was recorded. 

8.3.3 Results 

One hundred and twenty-one sites were examined by US. Ultrasonography 

altered SSD in 53/100 (53%) and the OD in 5/100 (5%) patients. Management plan 

was altered in 53/100 (53%) patients and predominantly involved changes to guided 

corticosteroid therapy (36 patients) although use of disease modifying anti­

rheumatic drugs was also altered (13 patients). The most frequent reason for referral 

to US was to assess synovitis in 86/121 (71%) sites, and the Mep joints were the 

most scanned sites in 451121 (37%). 

8.3.4 Conclusions 

This study demonstrated that US has a positive impact on diagnosis and 

therapy offering important benefits when used as an adjunct to clinical examination 

in the rheumatology setting. If this transfers into improved outcome, it is likely to 

have major implications for the future practice of rheumatology. 
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8.4 Introduction 

There is increasing interest in the use of US in rheumatology (Grassi and 

Cervini 1998; Wake field, Gibbon et al. 1999; Tan, Wakefield et al. 2003; Kane, 

Bruyn et al. 2006). Ultrasonography is non-invasive, safe (uses no ionising 

radiation) and can be used repeatedly in an outpatient setting providing immediate 

access for patients. Unlike conventional x-ray and other imaging modalities, US can 

be repeated as often as necessary since it does not involve ionising radiation or high 

unit costs. Availability of US varies widely between hospitals with most referrals for 

specific conditions such as rotator cuff tears. This usually requires a separate visit to 

the radiology department and then a return visit to the referring physician. 

Advances in technology has made US more amenable to assess smaller joints 

and there is accumulating evidence that US is more accurate than clinical 

examination in the detection of synovitis and tenosynovitis in small joints (Grassi, 

Tittarelli et al. 1993; Grassi, Tittarelli et al. 1995; Lund, lIeikal et al. 1995; 

Backhaus, Kamradt et al. 1999; Swen, Jacobs et al. 2000). The benefits of US have 

also been determined in the assessment of the painful shoulder (Alasaarela, Takalo 

et al. 1997; Swen, Jacobs et al. 1998), hip (Koski 1989; Koski, Anttila et al. 1990), 

knee (Hauzeur, Mathy et al. 1999; Ward, Jacobson et al. 2001), ankle (Koski 1990; 

Jacobson, Andresen et al. 1998), and in conditions such as RA (Gratz, Gobel et al. 

1999), OA (Iagnocco and Coari 2000), and SpA (Lehtinen, Taavitsainen et al. 

1994). In addition, US also enables accurate placement of corticosteroid injections 

(Cicak, Matasovic et al. 1992). 
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Rankine and colleagues in a controlled prospective observational study, have 

assessed the influence of lumbar spine MRI on the management of patients with low 

back and leg pain, with a clinical diagnosis of neural compression (Rankine, Gill et 

al. 1998). Of the 72 patients examined, 65 (90.3%) had leg pain as a predominant 

feature and 31 (43%) had abnormalities in neurological examination. Following 

MRI 23/48 (47.9%) of patients had management changed from surgery to 

conservative management. The diagnosis altered in 50 % of cases with the largest 

change in diagnosis occurring in 13 patients where MRI did not confirm the clinical 

impression of nerve root compression. Interestingly 17 with no abnormality on 

neurological examination were subsequently treated by surgery which included all 

12 patients treated by spinal fusion. The authors concluded that the major impact of 

MRI was to avoid surgery with its potential morbidities. There is a paucity of 

similar data on the effect of US on these processes (Grassi and Cervini 1998; 

Wakefield, Gibbon et al. 1999). 

This study evaluated the diagnostic and therapeutic impact of 

musculoskeletal US in rheumatology outpatient clinics. 
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8.5 Methods 

8.5.1 Patients 

Of 520 rheumatology outpatients seen in the Department of Rheumatology at 

Leeds General Infirmary, 100 consecutive patients referred for US were included in 

this observational study. These were referred from an early arthritis clinic (EAC) 

and general clinics. The EAC is a 'fast-track' referral service for patients with a 

history suggestive of inflammatory arthritis of less than 12 months duration. The 

local ethics committee approved the study and informed consent was obtained from 

all patients. All patients referred for US as part of a research protocol were 

excluded. 

8.5.2 Study Procedure 

All patients underwent a routine assessment, which included a detailed 

interview and clinical examination by an experienced physician. Information with 

the referral included the indication for US, the site of interest and site-specific 

diagnosis (SSD), e.g. synovitis, tenosynovitis. The overall diagnosis (OD), (e.g. 

rheumatoid arthritis, gout) and management plan were recorded separately i.e. data 

not available to the person performing US. Patients then had US performed during 

the same clinic visit using an on-site ATL IIDI 3000 (Advanced Technology 

Laboratories, Bothel Washington, USA) machine, which operated throughout clinic 

time. A linear array 10-5 MHz 'hockey stick' transducer was used to examine most 

joints, being particularly useful for the small joints. A curvi-linear array 5-3 Mllz 

transducer was used to examine the hip. An experienced rheumatology research 

fellow (RJW) trained by musculoskeletal radiologists performed the US. The 

physician subsequently reviewed the patient in the same clinic with the US report. 
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Any change in the diagnosis or management plan as a result of US was documented. 

The completed referral forms were then returned to an independent database 

manager who was not involved in the clinical or US assessment. 

8.5.3 Statistical analysis 

The number of changes in management and diagnosis are presented descriptively. 

The primary outcome measure was change in SSD after US. Change in OD and 

management were secondary outcomes. 

8.6 Results 

Of the 100 patients referred for US, 73 were female and the mean age was 50 

years (range 17-87). Fifty-eight patients were referred from general clinics and 42 

from EAC; there were 30 new patients in total. Sixty-four patients were referred to 

confirm a diagnosis alone, with 36 referred to confirm a diagnosis with the aim of 

subsequent local corticosteroid injection. Twenty of these 36 (56%) had reported a 

poor response to a previous 'blind' corticosteroid injection. 

A total of 121 sites were examined by US, the commonest sites being the 

small joints of the hands and feet with the MCP the most frequently requested in 

45/121 (37%) sites (Table 8.1). The most common request of US was to confirm the 

presence or absence of synovitis 86/121(71 %), followed by enquiries regarding 

enthesitis 111121 (9%) and tenosynovitis 9/121(7%) (Figure 8.1). 
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Figure 8.1 US requests by pathology 

With regard to OD, of the 100 patients, 45 had a pre-US diagno is of 

inflammatory arthritis, 35 had a local diagnosis only (eg. epicondyliti , rotator cuff 

tendonitis), 12 patients were diagnosed as having degenerative disea e and had 

other diagnoses including crystal arthropathy and polymyalgia rheumatica. 

8.6.1 Changes in site-specific diagnosis 

The SSD was changed in 531100 (53%) patients and 60/ 121 ite (50%). The 

most frequent change in diagnosis was the clinical assessment of ynovitis, which 

changed in 43/60 (72%) sites. In order of frequency the changes in clinical SSD 

were: synovitis in 43/60 (72%) sites, tenosynovitis in 7/60 (12%) sites and enthesitis 

in 5/60 (8%) sites. There were similar changes in SSD in both EAC and general 

clinic patients. 

For synovitis this involved documenting no synovitis on US when synovitis 

had been clinically diagnosed in 18 sites; demonstrating synovitis on US when none 

was detected clinically in 18 (Figure 8.2, Figure 8.3). In the remaining 7 sites the 
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pre-US diagnosis of synovitis was changed to degenerative changes (defined as the 

presence of osteophytes and/or joint space narrowing) without synovitis in 3 sites, 

tenosynovitis in 2, and bursitis and enthesitis in 1 site each. 

Figure 8.2 Photograph of subject without clinical synovitis 

Figure 8.3 Corresponding US demonstrating synovitis/effusion 
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For tenosynovitis the SSD was changed; to synovitis in 4, no pathology in 2 

and periostitis in 1 site. The diagnosis of enthesitis was changed; to synovitis and 

bursitis in 2 sites each, and to normal in 1 site. 

The commonest site where SSD was altered was at the most frequently 

scanned joints; MCPs in 24/60 (40%) and the wrist in 8/60 (13%) sites (Table 8.1). 

Ultrasonography was also able to provide additional information, not provided by 

clinical examination in 55 sites; this included erosions, osteophytes, reduced joint 

space and calcific tendonitis. 

Site of scan Number Frequency of 

(%) SSD change (%) 

Overall 121 (100) 60/121 (50) 

Metacarpophalangeal joints 45 (37) 24/45 (53) 

Wrist 17 (14) 8/17 (47) 

Proximal interphalangeal 15 (12) 5115 (33) 

joints 

Hindfoot 12 (10) 7112 (58) 

Knee 10 (8) 5/10 (50) 

Forefoot 7 (6) 617 (86) 

Elbow 5 (4) 1/5 (20) 

Others 10 (8) 4/10 (40) 

Table 8.1 Sites assessed by US, with change in SSD 
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8.6.2 Changes in overall diagnosis 

The OD was changed in 5/100 (5%) patients. Two patients had a clinical 

diagnosis of rheumatoid arthritis altered to seronegative spondyloarthropathy after 

US documented entheseal pathology. In one patient with a clinically hot swollen 

elbow (suspected joint sepsis) US documented extensive enthesitis without any joint 

effusion; in another patient with PMR and suspected peripheral synovitis, US 

confirmed joint synovitis but also erosive changes with the OD then being changed 

to rheumatoid arthritis (RA). A seropositive patient with monoarthritis of the wrist 

had US, which documented symmetrical synovitis of the wrist and MCPs with 

erosions in the wrist hence the OD being changed to RA. There were a further 8/100 

(8%) patients, 7 of whom were new referrals, in which US helped confirm a 

provisional OD. Seven of these had a diagnosis of inflammatory arthritis confirmed 

after US documented a combination of synovitis, tenosynovitis and erosions, and in 

1 patient US documented degenerative changes confirming the OD of osteoarthritis. 

8.6.3 Changes in management 

The management plan was altered in 53/100 (53%) patients after US, in 39 

due to a change in SSD and in 14 as a result of US confirming a provisional SSD. 

Corticosteroid therapy was affected in 43 patients. The decision to give a 

soft tissue or intra-articular corticosteroid injection was altered in 22 patients: 12 

were withheld and 10 given at a different site. In addition, 14 patients had a 'newly 

planned' injection after US. Only 14 of the original 36 (39%) intended injections 

were given at the planned site (Figure 8.4). Parenteral corticosteroid therapy was 

affected in 7 patients, 6 were newly planned and 1 withheld, as a result of US. Two 

of the patients with a newly planned parenteral corticosteroid were also commenced 
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on disease modifying anti-rheumatic drug (DMARD) therapy because of a new OD 

after US. 

Disease modifying drug therapy was affected in 13 patients; increased in 10 

patients due to the detection of extensive subclinical synovitis and reduced in 3 due 

to an absence of synovitis demonstrated by US. Other changes included 4 new 

podiatry referrals, 2 planned diagnostic medical arthroscopies withheld and 1 new x­

ray referral after US. Seven patients had more than 1 management change. 

Figure 8.4 Impact on Intra-articular corticosteroid use 

Same site: Injections were given at the planned site (n= 14) 

Diff. Site: Injections were still, given, but at a different site (n= 1 0) 

Withheld: No injection given (n= 12) 
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8.7 Discussion 

This study suggests that US has a diagnostic and therapeutic impact in the 

majority of referred patients attending rheumatology clinics. When these findings 

are applied in the context of all patients attending clinics during the study period, 

US has an impact on diagnosis and management in at least 10% (53/520) of all 

cases. This study also documents the referral pattern when rheumatologists have 

direct access to US, with most patients referred for assessment of small joint 

synovitis and guided injections. 

Accurate detection of synovitis is important not only for appropriate local 

treatments but also, with the advent of expensive systemic therapies, to assess 

disease activity and subsequent bone damage. Early treatment of inflammatory 

arthritis improves patient outcome (Stenger, Van Leeuwen et at. 1998; Green, 

Marzo-Ortega et at. 1999) and potentially reduces the cost to society in the long­

term. Consistent with previous reports, this study demonstrates a poor correlation 

between US and clinical examination in the detection of synovitis; the changes to 

DMARD therapy were mainly a result of US detecting subclinical synovitis. 

A study of 40 patients with RA observed over 6 years demonstrated ongoing 

progression of x-ray damage despite improvement in clinical indices like ESR and 

grip strength (Mulherin, Fitzgerald et al. 1996). Another study using MRI concluded 

that progression of disease occurs early in disease and also found disagreement 

between clinical improvement and progression of MRI erosions (Mc Queen, Stewart 

et at. 1999). Our findings, in addition to the evidence that US is able to differentiate 

between active and inactive disease in RA (Hau, Schultz et at. 1999), concur with 

their conclusion that patients with clinically stable disease are often under-treated 

emphasising the role for better assessment modalities like US. 

200 



MD Thesis- Dr Zunaid Karim 

Response to corticosteroid injections is known to vary considerably, and 

there is evidence that accurately placed injections lead to better outcomes (Jones, 

Regan et al. 1993; Eustace, Bropl}.y et al. 1997). Interestingly the majority of 

patients referred with a planned corticosteroid injection reported a poor response to 

a previous blind corticosteroid injection and, in this study as a consequence of US, 

less than half received the injection at the pre-US planned site. The impact of US on 

corticosteroid injections therefore reflects the inability of clinical assessment to 

accurately localise pathology; and may explain part of the variation in response to 

conventionally placed injections. 

The US examinations took place in the outpatient department where direct 

access has the advantage of immediate alteration in management, if necessary, 

without additional hospital visits and waiting time. This helps reduce both the direct 

and indirect costs to the hospital service and the patient. After initial capital 

expenditure, the only running costs for US are the service contract and operators' 

time, in this case taking 10-15 minutes per patient assessment. 

There are limitations to this study. There was an initial selection bias since 

the patients assessed were all referred for US in the first instance, suggesting a 

degree of uncertainty in the diagnosis or management at the outset. Although a 

change in the clinical diagnosis or management plan is an important first step to 

demonstrate, it does not necessarily follow that outcome will be improved. Any 

benefit will have to be offset with the additional cost of US equipment and training, 

but should also take into account the direct and indirect cost benefit of a 'one-stop' 

patient service. 
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s.s Subsequent literature 

In this chapter we evaluated the impact of US in the diagnosis and management of 

rheumatology patients. Significant additions to the literature are described below. 

8.8.1 Diagnosis 

Inflammatory OA 

To evaluate the ability of high resolution US in the diagnosis of erosive OA, 

110 patients had plain x-ray with US of the DIP and PIP joints (lagnocco, Filippucci 

et al. 2005). The presence of articular bone surface irregularities defined as either 

marginal osteophytes or central erosions was recorded. Central erosions were 

detected by US in 16/22 (72.7%) patients with x-ray features of erosive OA and in 

none of 88 patients with classical hand OA without erosions on x-ray. Sensitivity 

and specificity for the detection of central erosions by US were 73% and 100%, 

respectively. The positive and negative likelihood ratios were 100% and 94%. This 

is the first study to evaluate the presence of erosions in patients with erosive OA by 

US. The authors conclude that US is a useful technique for differentiating erosive 

and classical hand OA. 

Carpal Tunnel Syndrome 

This study assessed US diagnosis with nerve conduction study diagnosis of 

carpal tunnel syndrome (Swen, Jacobs et al. 2001). Sixty-three patients with a 

clinical diagnosis of carpal tunnel syndrome, waiting carpal tunnel release, had US 

and nerve conduction studies performed. The criterion for diagnosis of carpal tunnel 

syndrome, and the gold-standard, was 90% or greater improvement of initial 

complaints 3 months after surgery. Following surgery, 47 patients (75%) 
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experienced 90% or greater relief of complaints. Using this criterion, mean cross 

sectional area of the median nerve for patients with CTS was 11.3 mm2 compared to 

6.1 mm2 in the control group. The sensitivity to detect carpal tunnel syndrome was 

0.70 and 0.98, and specificity was 0.63 and 0.19 positive predictive value was 0.85 

and 0.78, negative predictive value was 0.42 and 0.75, and accuracy was 0.68 and 

0.78, all for US and nerve conduction study respectively. The authors concluded that 

while US was slightly less sensitive it was significantly more specific than nerve 

conduction study. 

Scaphoid fracture 

This study used US to assess patients with clinically suspected scaphoid 

fractures (Senall, Failla et at. 2004). Eighteen patients attending accident and 

emergency with a history of wrist trauma, snuffbox tenderness, swelling, and a 

negative wrist x-ray were assessed. Ultrasonography correctly identified 7/9 cases of 

scaphoid fracture that were eventually positive on x-ray. Eight out of 9 cases were 

correctly identified as negative. Ultrasonography had a sensitivity of 78% and 

specificity of 89%, with a positive predictive value of 88% and negative predictive 

value of 80%. The authors concluded that US should be used in suspected cases of 

fracture where x-ray is negative. This study again demonstrates a clinical utility of 

US. Whilst US clearly has face and content validity to detect scaphoid fracture this 

study potentially adds concurrent validity because in the clinical setting repeat x-ray 

of the wrist to confinn scaphoid fracture would be seen as an acceptable gold 

standard. This study was limited however by the fact that US incorrectly identified 

one case as negative, which x-ray subsequently found as having scaphoid fracture. 

Whilst scaphoid fracture is probably more appropriately discussed in an orthopaedic 
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setting, we see many patients with hand and wrist pain, a significant number of 

whom describe a history of trauma. It is important that Rheumatologists are aware 

of this but also aware of the validity of US in assessing this feature. 

Lateral epicondylitis 

This study evaluated US features in patients with a clinical diagnosis of 

lateral epicondylitis including healthy patients as controls (Levin, Nazarian et at. 

2005). Ultrasonography of the common extensor tendon was performed in 10 

asymptomatic volunteers (20 elbows), and 22 patients (37 elbows) with symptoms 

of lateral epicondylitis. Abnormal images were assessed to see how many pre-set US 

findings were demonstrated. Using a clinical diagnosis of epicondylitis as the gold 

standard US demonstrated sensitivities ranging from 72% to 88% and specificities 

from 36% to 48% amongst the three readers. Odds ratios for the following findings 

were statistically significant (P < .05): calcification of common extensor tendon, 

tendon thickening, adjacent bone irregularity, focal hypoechoic regions, and diffuse 

heterogeneity, however odds ratios for lateral epicondyle enthesophytes were 

statistically significant (P < 0.05) for the first (of 2) reading sessions only. Odds 

ratios for linear intrasubstance tears and peritendinous fluid were not statistically 

significant. The authors concluded that there was a statistically significant 

relationship between symptoms and intra-tendon calcification, tendon thickening, 

adjacent bone irregularity, focal hypoechoic regions, and diffuse heterogeneity. This 

study describes common US features in lateral epicondylitis. 
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Plantar fasciitis 

This study used PD US to demonstrate findings in plantar fasciitis by 

assessing both heels of 20 patients with unilateral plantar fasciitis, with 20 healthy 

volunteers as controls (Walther, Radke et at. 2004). Duration of disease was noted 

and pain was assessed using a VAS score. Moderate or marked hyperaemia was 

found with PD US in the plantar fascia and the surrounding soft tissue along the first 

cm distally from the insertion in 8 (40%) of the 20 symptomatic heels and in 1 

patient (5%) on the asymptomatic side. There were no significant abnormalities in 

any of the control group and the difference between both groups was significant 

(p<0.05). This study suggests that PD US is valuable in diagnosing, and also gives 

some insight into the potential pathogenesis of plantar fasciitis. 

8.8.2 Comparison with clinical assessment 

Rheumatoid arthritis 

This study assessed the relationship between clinical examination and 

effusion detected by US in the MTP and ankle joints in 30 patients with RA 

(Luukkainen, Saltyshev et al. 2003). Altogether 288 MTP joints were assessed with 

agreement between clinical examination and US in 194. Of the 60 ankle joints 

assessed there was agreement in only 34. The Kappa coefficient between 

investigations was 0.165 in MTP and 0.043 in ankle joints. The authors concluded 

that there was a poor agreement between clinical assessment and US in the foot. 

This study included 200 MTP joints of 40 patients with RA and 100 MTP 

joints of 20 healthy controls and assessed US, MRI and clinical examination for the 

detection of joint inflammation with MRI being regarded as the gold standard 

(Szkudlarek, Narvestad et al. 2004) The sensitivity, specificity, and accuracy of US 
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for the detection of synovitis were 0.87, 0.74, and 0.79 respectively, while for 

clinical examination; the corresponding values were 0.43, 0.89, and 0.71 

respectively. For patients, US demonstrated synovitis in 36, while MRI and clinical 

examination revealed synovitis in 31 and 20 patients respectively. US and MRI 

synovitis showed intra-class correlation coefficients of 0.56-0.72 (P < 0.000 I). The 

authors concluded that US was more sensitive and accurate than clinical 

examination and had good correlation with MRI. This study again demonstrates the 

relative lack of sensitivity of clinical examination to detect synovitis in the MTP 

joint, and also demonstrated concurrent validity for US. 

This study compared the relationship between clinical detection of swelling 

and effusion with US findings in the elbows of 50 RA patients and 20 healthy 

controls (Luukkainen, Sanila et al. 2005). They found there was only fair agreement 

in assessments of 77 RA joints, resulting in a kappa coefficient of 003 71. There was 

one hundred percent concordance in the control group elbow assessments (40 

elbows). The authors concluded that clinical assessment was not accurate at 

detecting elbow effusions. 

This pioneering study compared clinical assessment of overall inflammatory 

activity in 94 patients with RA using gray-scale and PO US, comparing findings 

with inflammatory markers and joint counts (Naredo, 80nilla et a1. 2005). Each 

patient had 60 joints examined by US and two rheumatologists reached a consensus 

for the presence of tender joints, swollen joints and subjective swelling score from 1 

to 3. Similarly US joint effusion, synovitis, and PO signal were graded from I to 30 

in all 60 joints. A 28 joint count for clinical and US variables was also calculated. 

Using the 60 joint count, US showed significantly more joints with effusion (mean 

15.2) and synovitis (mean 14.6) than clinical examination (mean 11.5, p<0.05). A 
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significant correlation was found between joint count and joint index for swelling, 

US effusion, synovitis, and PD signal. The reduced 28 joint count for effusion, 

synovitis, and PD signal all correlated highly with the corresponding 60 joint 

counts. US findings also correlated better with CRP and ESR than clinical measures. 

They concluded that US is more sensitive at detecting synovitis in RA and that the 

reduced 28 joint count is comparable to the 60 joint count. The same authors have 

subsequently completed a further analysis and concluded that a 12 joint count is 

comparable to the 60 joint count (Naredo, Gamero et al. 2005). 

Spondyloarthropathy 

In this study, US was compared with clinical assessment in detecting 

entheseal abnormalities in patients with SpA (Balint, Kane et al. 2002). Thirty five 

patients had US examination of both lower limbs at five entheseal sites to detect 

bursitis, structural thickness, bony erosion, and enthesophyte. All patients also had a 

separate independent clinical assessment. The study findings were, on clinical 

examination, 75/348 (22%) entheseal sites were abnormal compared with 195/348 

(56%) using US. In 19 entheseal sites with bursitis on US, only five were detected 

by clinical examination. Compared with US, clinical examination had a low 

sensitivity (22.6%) and moderate specificity (79.7%). There was no significant 

correlation between the US score of enthesitis and acute phase parameters such as 

erythrocyte sedimentation rate (ESR) or C reactive protein (CRP). The authors 

concluded that US was better than clinical assessment for the assessment of 

entheseal abnormalities in patients with SpA and went on to propose an US 

entheseal score. 

In another study of patients with SpA, D' Agostino and colleagues 

(D'Agostino, Said-Nahal et al. 2003) assessed the prevalence and severity of 
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peripheral enthesitis in SpA with US and PO US. One hundred and sixty-four 

consecutive patients with SpA and 64 control patients (34 with RA, 34 with 

mechanical low back pain) had US examination of major entheses. Evidence of 

vascularisation was documented, concentrating on the following sites; cortical bone 

insertion of entheses, junction between tendon and entheses, body of tendon, and 

bursa. US findings consistent with enthesitis were observed in 1611164 SpA patients 

(98%), affecting 1,13112,952 entheses examined (38%). In contrast, only 132 of 

1,152 entheses (11 %) were found to be abnonnal in 33 of 64 control patients (52%). 

Abnormal findings were most commonly distributed in the distal portion of the 

lower limbs. Regarding PO US, none of the abnonnal entheses in control patients 

showed vascularisation, compared with 916 of 1,131 abnonnal entheses in SpA 

patients (81 %). Vascularisation was nearly always detected at the cortical bone 

insertion and sometimes also in the bursa. The authors concluded that US combined 

with PO allowed for the detection of peripheral enthesitis in the majority of SpA 

patients, but without falsely including other patient groups. This study, whilst not 

being compared with any gold standard, gives a better understanding of entheseal 

pathology and its prevalence in patients with SpA. 

Oligoarthritis 

This study set out to detennine the prevalence of sub-clinical synovitis using 

US assessment of painful and asymptomatic joints in early, untreated oligoarthritis 

«=5 joints) (Wake field, Green et at. 2004). Eighty patients underwent a detailed 

clinical assessment by two physicians and all painful joints were identified and 

assessed by US. In the last 40 patients all painful joints were assessed, but also a 

preordained set of joints were included even if asymptomatic. In 80 patients, 644 
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painful joints (with and without clinical synovitis) were identified and each 

underwent a US assessment. Of these joints, 185 had clinical synovitis, of which, 

US detected synovitis in only 79% (147/185). In the other 38 joints US 

demonstrated tenosynovitis instead of synovitis in 12 joints and possible, but not 

definite, synovitis in 11 joints. Fifteen joints were, however, normal on US. In 459 

joints that were not clinically synovitic, US detected synovitis in 33% (150/459). In 

64% (51180) of patients, US detected synovitis in more joints than clinical 

examination and in 36% (29/80) of patients, US detected a polyarthritis (>6 joints). 

Of the 826 asymptomatic (non-painful) joints scanned, 13% (107/826) had US 

detected synovitis. The authors concluded that US detected more synovitis than 

clinical examination in patients with oligoarthritis. In almost two thirds of patients 

there was evidence of sub-clinical disease while one third could be reclassified as 

polyarticular. They also concluded that the definition of oligoarthritis based on 

clinical findings may be inappropriate in many patients where US confirms 

polyarthritis. 

8.8.3 Disease progression despite improvement 

There is now more evidence that disease progressIon continues despite 

clinical assessment appearing to indicate disease improvement, or actual remission. 

Rheumatoid arthritis 

This study of 187 RA patientrs in clinical remission (modified ACR criteria) 

followed patients for two years (Molenaar, Voskuyl et al. 2004). Remission 

persisted in 52% of patients after two years; however the median Sharp/van der 

Heijde score for x-ray progression between baseline and 2 years was 0.5. Clinically 

relevant progression of damage occurred in 7% of patients with persistent remission, 
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leading the authors to conclude that even with a patient appearing to be in clinical 

remission, clinical vigilance and repeat x-ray measurement is required. This study 

adds to the work described earlier by Mulherin and colleagues (Mulherin, 

Fitzgerald et al. 1996). 

Psoriatic arthritis 

This study assessed 129 patients with PSA over a two year period (Kane, Stafford et 

al. 2003). They found that despite improvements in clinical parameters such as, 

HAQ and ESR, x-ray damage progressed. 

8.8.4 Change in diagnosis 

In a study of patients with a clinical diagnosis of chronic Achilles (24) or 

patellar (24) tendonitis, used US to guide either corticosteroid or placebo injection 

(Fredberg, Bolvig et aI. 2004). At the baseline assessment US confirmed the clinical 

diagnosis in only one third of patients. This study whilst not setting out to assess the 

diagnostic input of US, again demonstrates the inaccuracy of clinical assessment. 

8.8.5 Impact on planned foot injections 

This study is similar to the work of this thesis in that patients referred for 

injection had US assessment blinded to clinical findings (d'Agostino, Ayral et al. 

2005). This study used a better methodology by having two groups; in one group the 

physician was made aware of US findings and any change in management was 

documented, whereas in the second group the physician remained blinded to US 

findings until after injections were performed. In the group where the physician was 

informed of US findings this led to a change in the decision regarding local injection 

in 56 (82%) of 68 patients studied. Injection was cancelled in 37 (15%) of 242 
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proposed sites, whereas it was decided in 74 (8%) additional sites. Regarding 

outcome there was significant improvement in the unblinded group compared to the 

blinded group of patients which persisted to the end of the study at three months. 

This is an important study further investigating the impact of US on management, 

but also on outcome. 
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8.9 Summary 

In this chapter we have demonstrated the clinical utility of US in patients 

who were referred by their attending consultant. Patients had a clinical assessment 

with the clinician documenting the likely pathologic diagnosis of the area in 

question, as well as the overall clinical diagnosis before US was performed. This 

study demonstrates that most referrals in our rheumatology practice were related to 

the assessment of small joints and the reason for referral is usually related to the 

detection of synovitis and tenosynovitis. In this study US altered the local SSO and 

overall management in half the patients assessed, and also led to a change in the 

overall diagnosis in approximately lout of 10 patients. 

There have been many publications demonstrating the ability of US to detect 

changes in patients with specific conditions like RA and also for problems like 

plantar fasciitis and epicondylitis. This study also reflects the increasing trend of 

rheumatologists performing US, in the present case trained by musculoskeletal 

radiologists. Future investigations should include demonstrating outcomes between 

groups with access to US, and those without. This can be done for regional problems 

like those with injections in the ankle described by (d'Agostino, Ayral et aI. 2005), 

in specific diagnostic groups like RA or involving all attendees to out-patient 

departments. 
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Chapter 9 
9.1 Summary and Future Directions 

In the last decade there has been a trend towards earlier more aggressive 

therapy for inflammatory arthritis using the adage that inflammation over time 

causes damage. This requires the assessing physician to be confident that they have 

made a reliable initial diagnosis prior to starting long-term potentially harmful 

treatment. This has inevitably led to physicians becoming interested in any modality 

that can be used to reliably detect a condition and then monitor response to therapy. 

As the use of US has increased, there has been greater critical assessment of 

this technique particularly in academic units resulting in more evidence confirming 

its role in rheumatology practice. With increasing awareness of the technical 

requirements, and with portability of machines allowing direct visualisation of the 

area of interest to rheumatologists, more rheumatologists have taken on the role of 

performing US themselves. A good US assessment requires knowledge of the 

anatomy and potential pathology at the site of interest to avoid misinterpretation of 

normal anatomy, as well as an understanding of the clinical scenario leaving 

rheumatologists well placed to continue this work. 
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9.2 Summary of thesis 

This thesis set out to determine the performance merits of US in 

rheumatology, by examining issues concerning validity, reliability and clinical 

utility. 

9.2.1 Knee synovitis 

In chapter 3 we confirm, using arthroscopy as the gold-standard, that US has 

a higher sensitivity, specificity, accuracy, positive- and negative-predictive value 

compared with clinical assessment. Ultrasonography also demonstrated good inter­

and intra-reader reproducibility for detecting presence or absence of synovitis, as 

well as distinguishing the grade of synovitis, confirming that US is not only a valid 

and reproducible tool for detecting synovitis in the knee but also that it is more 

sensitive than clinical assessment. Another study by part of our group using the 

same arthroscopy technique as in this chapter on 60 patients with knee arthritis (32 

with RA, 18 with PsA, and 10 with OA) demonstrated good correlation between 

global arthroscopic VAS for synovitis and synovial fluid matrix metalloproteinase 1 

(Fraser, Fearon et al. 2003). 

There is evidence that synovitis is common In knee OA (D'Agostino, 

Conaghan et al. 2005), US findings can relate to symptoms (Naredo, Cabero et at. 

2005), and synovitis has a role in the symptoms and progression of knee arthritis 

(Ostergaard, Hansen et at. 1999; Ayral, Pickering et al. 2001; Ayral, Pickering et at. 

2005). 

Recent publications confirm the insensitivity of clinical assessment (Kane, 

Stafford et at. 2003; Conaghan, D'Agostino et al. 2005; D'Agostino, Conaghan et at. 

2005), whilst demonstrating validity of US at detecting synovitis in the knee with 
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PO and bubble contrast (Fiocco, Ferro et al. 2003), and in large (lIermann, 

Backhaus et al. 2003) and small joints (Backhaus, Burmester et al. 2002; Terslev, 

Torp-Pedersen et al. 2003; Szkudlarek, Narvestad et al. 2004; Scheel, Hermann et 

al. 2006) including with contrast (Szkudlarek, Court-Payen et al. 2003) in RA. This 

suggests that US should be increasingly used in order to improve the diagnosis and 

management of patients with knee symptoms. 

Further work in this area includes the need for more validation with 

histology for gray-scale and PO US, with and without bubble contrast, concentrating 

not only on the ability to measure small differences in synovial thickening or 

vascularity, but also the reliability to detect these particular changes. Semi­

quantitative scoring is usually quicker than quantitative analysis and these need to 

be compared, so that semi-quantitative analysis allowing for quicker assessments 

could be used in the clinical setting. Longitudinal studies with reliability 

comparisons are required to properly assess the sensitivity of US to detect changes 

over time and monitor response to therapy. Work in assessing US pathology and 

corresponding sites of pain in OA, SPA and RA is very interesting and may lead to 

predictive validity studies in the longer term measure. 

The clinical applicability of any gold standard is related to its pathogenic 

relevance, without which its prognostic capacity is diminished (Valenstein 1990). 

There is a paucity of studies to correlate arthroscopic synovitis with damage (Ayral, 

Pickering et al. 2001) and at present there is no firm evidence that correlates 

histological findings with clinical outcomes, in particular joint damage. While 

further validation with US is required, this too is an area that requires further 

investigation. 
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9.2.2 Accuracy of US-guided injections 

In chapter 4 we confirm the accuracy of US-guided subacromial injections in 

patients with shoulder pain. In our study all our injections were intrabursal with 6/11 

having a small extrabursal element as well, which we argue is the likely result of 

extravasation possibly related to the volume of injection (lOmls). 

Recent publications have added to the evidence for the accuracy of US 

placement (Esenyel, Esenyel et al. 2003), while novel ways of guiding injection are 

being demonstrated (Koski, Saarakkala et al. 2005), with US even being used to 

guide surgery (Testa, Capasso et al. 2002). 

There is evidence suggesting that US-guided aspiration is better than clinical 

palpation-guided aspiration (8alint, Kane et al. 2002; Raza, Lee et al. 2003), and 

that US-guided injections are better than 'blind' injections in the shoulder (Galletti, 

Magnani et at. 2004; Naredo, Cabero et al. 2004; Chen, Lew et al. 2006) . This is 

not true for all sites with benefit from guided compared with 'blind' injections in 

one study (Tsai, Hsu et al. 2006) compared with no benefit in another (Kane, 

Greaney et al. 2001) for the injections of plantar fasciitis. 

Further work needs to be done to determine the accuracy of injection 

technique using dissection and imaging modalities like CT including randomisation 

to guided or 'blind' injections to provide comparison. The volumes injected using 

'blind' and guided techniques vary and this also requires further investigation to 

assess whether the volume of injection has an impact on the outcome. Thereafter, 

the impact of these more accurate injection techniques need to be assessed in 

randomised longitudinal studies using validated outcome measures. 
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9.2.3 Efficacy of US-guided hip injections 

In chapter 5 we confirm that patients with moderate to severe hip OA can 

benefit in the medium-term from US-guided injection of corticosteroid. In this pilot 

study response was better in those with moderate OA. We also demonstrate that US 

findings, particularly effusion and lack of osteophytes, may predict those likely to 

respond. Subsequent work has confirmed the efficacy of corticosteroid in moderate, 

but not severe OA. 

In an important study synovitis as defined by PD US (we used gray-scale 

only) correlated well with histology (Walther, Harms et a1. 2002). In our study we 

indirectly guided and confirmed placement of injection with US. There is also 

evidence that us-guided hip injections are accurate from a study using contrast with 

eT to confirm 100% placement (Pourbagher, Ozalay et a1. 2005). 

The study by Margules and colleagues has found better outcomes in a larger 

group of patients (Margules 2001», but their group while including patients with 

moderate and severe arthritis probably had less severe disease than our group who 

were all waiting hip replacement. It seems there is no role for corticosteroid 

injections at the other end of the severity spectrum, with no benefit in rapidly 

destructive hip OA (Villoutreix, Ph am et at. 2006). 

Future work should include a placebo-controlled randomised study of guided 

injection to remove 'placebo' response, and also include features that might predict 

response including highly sensitive CRP and also repeating US post injection to 

determine whether objective measures of synovitis change with symptoms. The data 

from our pilot study provide valuable baseline data for power calculations for future 

studies. 
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9.2.4 US synovitis in clinical remission 

In chapter 6, we continue with one of the mam themes of this thesis 

assessing the role of US in detecting synovitis in patients with low disease activity 

states or clinical remission. This study again demonstrates the insensitivity of 

clinical assessment and also the extent of sub-clinical disease present, even in this 

group in clinical remission, with widespread synovitis regardless of the type of 

remission criteria imposed. This in addition to reports that clinical measures of 

disease activity such as DAS do not always reflect clinical changes following 

therapy (Gardiner, Bell et a1. 2005), suggests that US should be included in any 

future definition of remission. 

The findings from this study may have a number of important 

pathophysiological implications. These data provide a possible pathological 

explanation for the paradoxical observation that patients in apparent remission may 

experience progression of joint damage (Mulherin, Fitzgerald et a1. 1996; Molenaar, 

Voskuyl et a1. 2004). In support of this a recent study has also demonstrated that US 

synovitis at baseline correlates with x-ray damage 1 year later in patients with RA 

receiving methotrexate (Taylor, Steuer et a1. 2004). 

Work is ongoing with this cohort to assess the long term outcome of sub­

clinical disease. Healthy age-matched controls are required to differentiate between 

normal and abnormal perfusion, and while MRI has become the most common 

standard that US is compared with, findings should ideally be correlated with 

histology. 
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9.2.5 US synovitis is predictive of response 

In chapter 7 we suggest a possible underlying inflammatory aetiology in 

many patients that present with symptoms, but no signs, to suggest inflammatory 

arthritis. In this study most had US-detected synovitis, the majority of whom had no 

evidence of synovitis on clinical assessment. Using the response to IM MP as a 

means of suggesting an underlying inflammatory process we demonstrated that US­

detected synovitis was the best predictor of this response and also a predictor of 

subsequent response to HCQ. 

This work provides an insight into the potential pathogenesis of this patient 

group suggesting along with other work in this thesis that clinical assessment is 

insensitive to subtle degrees of synovitis. The treatment algorithm we used is a 

practical way of managing this group of patients. A recent publication whilst 

demonstrating the short term efficacy of IM MP warns of the potential for adverse 

events with frequent injections (Choy, Kingsley et al. 2005). 

Further work with this group of patients should include checking anti-ccp 

antibodies, and repeating highly sensitive CRP and US assessment to document any 

changes in these markers of inflammation following IM MP and determine whether 

any changes reflect response. Patients need to be randomised to receive placebo or 

IM MP to remove any placebo effect bias, and also to detect any significant side 

effects as described (Choy, Kingsley et al. 2005), and also to observe the natural 

progression and outcome of this group. 
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9.2.6 Clinical impact of US 

In chapter 8 we demonstrate the clinical utility of US in patients who were 

referred by their attending consultant. Patients had a clinical assessment with the 

clinician documenting the likely pathologic diagnosis of the area in question, as well 

as the overall clinical diagnosis before US was performed. This study demonstrates 

that most referrals in our rheumatology practice were related to the assessment of 

small joints and the reason for referral is usually related to the detection of synovitis 

and tenosynovitis. In this study US altered the local site-specific diagnosis and 

overall management in half the patients assessed, and also led to a change in the 

overall diagnosis in approximately lout of 10 patients. This study also reflects the 

increasing trend of rheumatologists performing US, in the present case trained by 

musculoskeletal radiologists. 

More recently the impact of US has been measured by blinding US reports in 

one group of patients (with the physician having access to reports and changing 

management if appropriate in the other) and comparing outcomes (d'Agostino, Ayral 

et al. 2005). 

Further work is required with methods similar to the study above where 

under randomised control one cohort of patients receives the benefit of US input 

comparing outcome against validated measures. This can be performed for a specific 

area of interest like the ankle or shoulder, or in conditions like RA, and allows 

comparison with a control or 'placebo' group. In our study patients were originally 

referred for US due to a certain degree of clinical uncertainty so any outcome needs 

to take this into account. To avoid this referral bias and demonstrate the real impact 

of US in rheumatology practice requires all patients attending the service to be 

invited to take part in a study and be randomised to having their physician receiving 
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information gained from US or not. Long-term monitoring, particularly in chronic 

disease would be required using validated outcome measures to assess any impact 

on function. 
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There is now increasing evidence in the literature to support the observation 

that US is superior to clinical assessment at detecting synovitis in small and large 

joints (Backhaus, Kamradt et al. 1999; Hau, Schultz et al. 1999; Kane, Balint et al. 

2003; Luukkainen, Saltyshev et al. 2003; Szkudlarek, Court-Payen et al. 2003; 

Wake field, Green et al. 2004; Luukkainen, Sanila et al. 2005; Naredo, Bonilla et al. 

2005). Further studies have attempted to provide validation by comparison with 

other imaging techniques such as MRI, arthroscopy, scintigraphy and thermography 

(Ostergaard, Court-Payen et al. 1995; Backhaus, Kamradt et al. 1999; Backhaus, 

Burmester et al. 2002), including one which suggested that inflammatory arthritis 

US may even be more sensitive than MRI at detecting synovitis in finger joints 

(Backhaus, Kamradt et al. 1999). 

More recently additional US techniques such as Power Doppler or contrast­

enhanced Doppler have become available potentially improving the accuracy of US 

by differentiating between hypervascular (active) and fibrotic (inactive) synovial 

thickening or pannus in patients with established disease. Observational studies 

comparing PD with traditional gray-scale US and clinical disease activity 

assessments seemed to have confirmed this (Hau, Schultz et al. 1999; Weidekamm, 

Koller et al. 2003). 

Validity has been assessed by comparison with histopathology in hip joints 

due for arthroplasty (Walther, Harms et al. 2002), in knee OA and RA (Schmidt, 

Volker et al. 2000; Walther, Harms et al. 2001); and with dynamic MRI in RA of the 

MCP (Szkudlarek, Court-Payen et al. 2001; Terslev, Torp-Pedersen et al. 2003) and 

MTP joints (Szkudlarek, Narvestad et al. 2004). Power Doppler has also been used 
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to assess disease activity in RA (Hau, Schultz et al. 1999; Qvistgaard, Rogind et al. 

2001; Carotti, Salaffi et al. 2002; Weidekamm, Koller et al. 2003) as well as monitor 

response to treatment (Newman, Laing et al. 1996; Hau, Schultz et al. 1999; Stone, 

Bergin et al. 2001; Teh, Stevens et al. 2003; Terslev, Torp-Pedersen et al. 2003; 

Fiocco, Ferro et al. 2005). 

Intravenous microbubble echo contrast agents increase the intensity of weak 

signals to a potentially detectable level, possibly further increasing the sensitivity of 

PD. Most studies that have assessed this have reported an increase in Doppler 

signal (Magarelli, Guglielmi et al. 2001; Qvistgaard, Rogind et al. 2001; Klauser, 

Frauscher et al. 2002; Fiocco, Ferro et al. 2003) with the exception of one notable 

study (Szkudlarek, Court-Payen et al. 2003). Contrast enhanced MRI has also been 

used and in one study (Magarelli, Guglielmi et al. 200 I) confirmed concordance in 

all cases. In the knee echo contrast enhanced PD has been compared with 

arthroscopy demonstrating a higher sensitivity, but a lower specificity (Fiocco, Ferro 

et al. 2003). 

There are to my knowledge only 2 reports of cohorts with any sequential 

assessment of synovitis with US. One group published results after 2 (Backhaus, 

Burmester et al. 2002) and 7 years (Scheel, Hermann et al. 2006). In this study 

reductions in levels of synovitis were documented which were comparable to MRI 

and also reflected in clinical and laboratory assessments. The other study with 6 

months between assessments revealed conflicting data with US having less synovitis 

at base line, and more synovitis after 6 months compared with MRI, but detecting 

more effusions than MRI at both time points (Hoving, Buchbinder et al. 2004). 
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9.3.2 Erosions 

X-ray documented bone erosions are used to help with a diagnosis of RA, 

but these changes are often absent in early disease. Ultrasonography has consistently 

demonstrated greater sensitivity than x-ray at detecting erosions in the hand, wrists, 

feet and shoulder (Alasaarela, Suramo et al. 1998; Backhaus, Kamradt et al. 1999; 

Wakefield, Gibbon et al. 2000; Grassi, Filippucci et al. 2001; Klocke, Glew et al. 

2001; Szkudlarek, Court-Payen et al. 2001; Hermann, Backhaus et al. 2003; 

Weidekamm, Koller et al. 2003; Lopez-Ben, Bemreuter et al. 2004). 

A particular benefit seems to be in early disease where US is able to detect 

6.5 x more erosions in early disease, compared with 3.4 x more erosions in 

established disease compared with x-ray (Wakefield, Gibbon et al. 2000). This is 

possibly explained by the, relative to x-ray, high resolution and the multi planar 

nature of US assessment lending to it able to detect small lesions. 

Other studies have shown that US may be less sensitive than MRI at 

detecting bony erosions in the shoulder (Alasaarela, Suramo et al. 1998; Hermann, 

Backhaus et al. 2003), and the knee (Ostergaard, Court-Payen et al. 1995) although 

this may be less important regarding diagnosis. Another study demonstrated that US 

was less sensitive than x-ray at detecting central erosions in the DIP joints of 

patients with inflammatory osteoarthritis (lagnocco, Filippucci et al. 2005). 

The same cohorts described in synovitis have been assessed for longitudinal 

progression of erosions. Over both the 2 (Backhaus, Burmester et at. 2002) and 7 

year (Scheel, Hermann et al. 2006) period, progression of erosions was seen more 

often on US and MRI than x-ray. By 7 years many erosions previously undetected 

by x-ray, but present on US and MRI were detectable on x-ray. This suggests that 

while x-ray may be less sensitive at detecting erosions early in disease compared 
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with US and MRI, in time perhaps as the size of erosions increase x-ray detects 

these changes. Likewise US detected less erosions than MRI early on and many of 

these erosions were subsequently detected by US, suggesting that when MRI lesions 

erode cortical bone US where it has access will detect these. In the second cohort 

(Hoving, Buchbinder et al. 2004) erosions progressed over a 6 month period, 

however US identified less erosions than either MRI or x-ray. 

That US is relatively less sensitive in established disease suggests either x­

ray 'catches up' with US as erosions become larger, or that especially in a complex 

joint like the wrist as more damage occurs and the joint becomes disrupted it 

becomes more difficult for US to differentiate between additional bone and erosion. 

Our experience suggests US in the wrist becomes considerably difficult to monitor 

erosions in the extensively damaged wrist. 
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9.3.3 Monitoring response to therapy 

Ultrasonography has been used to monitor outcome following the different 

treatment interventions in different cohorts of inflammatory arthritis patients. Many 

studies have shown a reduction in US markers of synovial inflammation including 

gray-scale and PD parameters after different treatments in the hand (Spiegel, King et 

al. 1987; N ewman, Laing et al. 1996; Stone, Bergin et al. 2001; Hau, Kneitz et al. 

2002; Teh, Stevens et a1. 2003; Terslev, Torp-Pedersen et a1. 2003) and knee (van 

Holsbeeck, van Holsbeeck et al. 1988; Rubaltelli, Fiocco et al. 1994; Fiocco, Cozzi 

et al. 1996; N ewman, Laing et al. 1996; Gratz, Gobel et al. 1999; Salaffi, Carotti et 

al. 2004; Fiocco, Ferro et al. 2005). This suggests that US is sensitive enough to 

detect often subtle but clinically important changes in response to treatment, but 

without any studies confirming the reliability of detecting these changes (i.e. no 

evidence of discriminant validity). 

9.3.4 Disease activity assessment 

With the increasing conviction that imaging led disease activity scores are 

more sensitive and reliable, and more sensitive at detecting changes in assessment of 

synovitis and/or damage following therapy, some groups have suggested US 

assessment scores for inflammatory arthritis. 

One such study set out to develop a simplified US assessment scoring system 

for assessment of the MCP and PIP joints in patients with RA (Scheel, Hermann et 

al. 2005). The authors conclude that US assessment of finger joint synovitis could 

be simplified by examining the palmar side of 2nd
, 3rd and 4th MCP and PIP joints on 

one hand, applying a semi-quantative grading measurement. Despite assessing just 
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under 50 patients this study demonstrated good concurrent validity with the semi­

quantitative US method revealing high concordance with MR!. 

A 12 joint assessment for overall disease activity in RA has also been 

proposed (Naredo, Gamero et al. 2005). In this study a 60 joint clinical and US 

scoring system in patients with RA were initially compared. Joint effusion, joint 

synovitis and PO signal were graded from 0 to 3 in all joints scored with US. 

Reduced US joints counts were then compared against the overall 60 joint count for 

correlation. The 60 joint US count was then compared against smaller joint count 

versions. They found that a 12 joint assessment for effusion, synovitis and PD signal 

which included wrists, knees, and bilateral second and third Mep, and bilateral 

second and third PIP joints correlated well with the overall 60 joint count. 

In SpA, an entheseal pathology scoring system has been suggested (Balint, 

Kane et al. 2002). This study comparing clinical with US assessment of both lower 

limbs demonstrated that US was more sensitive at detecting entheseal changes than 

clinical assessment. The 5 sites they assessed were the common superior and 

inferior pole of patella, tibial tuberosity, achilles tendon, and plantar aponeurosis. 

At each site US was used to detect bursitis, structural thickness, bony erosion, and 

enthesophyte (bone spur). The intra-observer kappa value for US analysis was 0.9. 

Wake field and colleagues demonstrated a significant proportion of patients 

with a clinical diagnosis of oligoarthritis «= 5 joints) had US-detected polyarthritis 

(Wakefield, Green et al. 2004). They suggest a standard assessment technique 

including examination of all painful, but also certain other joints (e.g. MTP joints) 

even if asymptomatic. This work would suggest that US assessment has a significant 

role to play in the management of patients with clinical oligoarthritis. In this group 

further assessment of this role for US is required; including what impact US would 
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have on the patient's actual management, particularly its impact on injection or 

DMARD therapy, but also more importantly in the longer term, to assess whether 

this change will have any impact on long term out come. 

Regarding disease assessment the main issue In the longer term is to 

determine whether these assessments are accurate and reliable in detecting changes 

over time. A particular difficulty with this is to define the most appropriate standard 

with which to compare US. Histological analysis is the ideal, but requires an 

invasive procedure and for detecting synovitis MRI may be the most practical 

modality. For outcome, validated functional endpoints such as HAQ and RAQOL 

may be appropriate or otherwise pragmatic investigations may use specific 

outcomes such as work instability, unemployment or arthroplasty. 

9.3.5 Prediction of outcome 

There are limited data on the US findings as a predictor of future outcome. 

A study comparing US-detected synovitis with findings at arthroscopy in patients 

undergoing arthroscopic synovectomy, demonstrated that US joint effusion at 

baseline was significantly increased in patients who relapsed, suggesting US could 

be used to predict relapse following synovectomy (Fiocco, Cozzi et at. 1996). In 

another study in early RA (Taylor, Steuer et al. 2004), baseline US measurements of 

synovial thickening and vascularity in MCP joints correlated with degree of x-ray 

joint damage 1 year later. There have been interesting developments in the arena of 

sites of pain with US findings in knee OA correlating with severity of pain (Naredo, 

Cabero et al. 2005). 

228 



MD Thesis- Dr Zunaid Karim 

9.3.6 Reliability 

A charge that is often made against US is that it is user dependent and 

outcome will depend on the level of skill of the operator. In response to this there 

are an increasing number of reliability studies in the literature. As with the findings 

of our study discussed in chapter 6, good levels of inter- and intra- observer 

reliability have been demonstrated for assessing synovitis in the wrist and small 

joints of the hands and feet (Ostergaard, Klarlund et al. 200 I; Qvistgaard, Rogind et 

al. 2001; Ribbens, Andre et al. 2003; Szkudlarek, Court-Payen et at. 2003) as well 

as another study only assessing intra-observer reliability again with good correlation 

(Backhaus, Burmester et al. 2002). Two of these studies (Qvistgaard, Rogind et al. 

2001; Szkudlarek, Court-Payen et at. 2003) assessed PD US. We have already 

described, in chapter 3, using gray-scale US with good inter-and intra-observer 

reliability. Using PD US good levels of inter-observer agreement for PD synovitis 

have also been demonstrated (Schmidt, Volker et at. 2000; Fiocco, Ferro et at. 

2003). 

Likewise for erosIons in the hand there has been good correlation 

demonstrated for inter- and intra-observer reliability (Wake field, Gibbon et al. 2000) 

and also for intra-observer reliability only (Backhaus, Burmester et al. 2002). In 

enthesitis good intra-observer reliability has been demonstrated (Balint, Kane et al. 

2002), whereas in the shoulder for cuff tears agreement has varied depending on the 

degree of expertise in one study (O'Connor, Rankine et at. 2005), but with good 

inter-observer reliability in another study (Swen, Jacobs et at. 1999). Future work 

should improve the general reliability of US assessment and improve standardisation 

of assessment techniques, setting out agreed definitions of pathology as well as 

using standard US scoring criteria. 
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9.3.7 US pathology 

Ultrasonography is not only demonstrating signs better than clinical 

assessment, but the technology being applied is also giving insight into pathogenesis 

of disease. One example is in a study of plantar fasciitis where hyperaemia was 

found with PD US in the plantar fascia and the surrounding soft tissue along the first 

cm distally from the insertion in patients not present in controls (Walther, Radke et 

a1. 2004). A separate study demonstrated increased thickness and reduced 

echogenicity of the plantar fascia in symptomatic heels compared with 

asymptomatic heels (Kane, Greaney et a1. 1998) giving some indication as to the 

underlying vascular and inflammatory component of the condition. 

With the ever increasing improvements in resolution visualising the qualities 

of tendon, and nerve as well as the measurement of skin thickness are becoming a 

reality. 
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9.4 Future directions 

While US has thus far demonstrated much promise in rheumatology practice, 

there are still many areas that require further investigation. 

9.4.1 Standardised image acquisition, definitions of pathology 

Key advances in this area were made when the EULAR working group 

published guidelines on set assessment techniques for US in Rheumatology 

addressing technical issues, training, and standardisation of image acquisition 

(Backhaus, Burmester et aI. 2001). The OMERACT US specialist interest group 

have recently proposed for the first time a consensus set of US definitions for 

common pathological lesions seen in Rheumatology practice, which in conjunction 

with the EULAR assessment guidelines provide a template for future studies 

assessing these standardisations (Wake field, Balint et aI. 2005). 

In the quest for ongoing training, standardisation of assessment techniques, 

and defining pathology, the EULAR working group for musculoskeletal US have 

been meeting and recently used a method of scoring stored images independent of 

each other, thereafter meeting and discussing scoring methods to develop consensus 

(Naredo, Moller et aI. 2006). This allows standardisation of techniques at an expert 

level, hopefully allowing this to be disseminated as those experts return to their 

particular bases. 

More needs to be done to ensure that methods of image acquisition are 

uniform, and of the highest quality. This requires an understanding of the physical 

principles of US, standardised assessment techniques and even standardised 

machine settings for specific assessments. The definitions that have only recently 

been agreed will no doubt require further modification with time, particularly after 
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more reliability data becomes available. Working groups like OMERACT are 

essential in ensuring that as more rheumatologists take on perfonning US that 

assessment techniques remain standardised and that widely accepted definitions are 

used. This will not only provide for more consistent diagnosis, but also allow easier 

comparison between studies. 

9.4.2 Validation of new technologies 

Newer techniques will require validation, preferably with histological 

analysis to detennine the validity of US detected synovitis. A potential limitation of 

gray-scale US is that it primarily detects synovial hypertrophy which although 

reversible in early disease may not be so in established disease when the synovial 

membrane may become chronically thickened and fibrotic. For this reason, gray­

scale US changes alone may not necessarily reflect active inflammation i.e. 

synovitis. The presence of increased PO signal signifies increased vascularity 

associated with active inflammation and may be more representative of true 

synovitis making it potentially more useful in established RA. 

It remains to be seen whether the specificity of US for synovitis III 

established disease may be improved by perfonning simultaneous PD assessment. 

Longitudinal studies including reliability assessments are required to assess the 

sensitivity of US to small changes in activity, providing a true reflection of the 

discriminant validity of the combination of the US machine with technology like PD 

with bubble-contrast enhancement. Ideally machines would undergo a standardised 

assessment to detennine the reliability of detecting the pathology in question which 

would then be documented as a feature of the machine much like axial resolution is 

currently noted. 
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9.4.3 Reliability of US machines 

One of the key difficulties facing US is the many different types of 

equipment with very little data comparing ability to detect pathology and assessing 

reliability between machines. This is a problem facing most advancing technologies 

and with a profit driven industry it will be difficult to get companies to submit to 

truly independent standardised assessments. 

9.4.4 How much synovitis does it take to damage? 

The role of US in predicting sub-clinical synovitis has already been 

discussed in this thesis and is potentially one of the areas that US may have a big 

impact. The predictive ability of US in cohorts not dissimilar to ours, centred on 

synovitis and early erosion detection needs to be further evaluated. In practice we 

are now seeing that at every level of clinical inflammation US seems to be more 

sensitive, from patients with inflammatory hand pain, to clinical oligoarthritis being 

reclassified to polyarthritis with US assessment, to significant levels of synovitis 

detected in clinical remission. The question that needs answering is how much of 

this synovitis matters and if so, is there a particular cut off above which disease 

progression is likely, or below which this is unlikely. These are questions that only 

well planned longitudinal studies have the ability to answer. 

233 



MD Thesis- Dr Zunaid Karim 

9.4.5 Are the requirements for US the same for different conditions? 

One of the issues that requires further clarification is whether the technical 

requirements and impact are similar in different conditions. A simple example is RA 

where pathology is primarily synovial and as such requires a small footprint 

transducer that can provide good access to the smaller joints as opposed to assessing 

patients with hip OA where a larger curvilinear probe maybe more appropriate. In 

early disease gray-scale detected synovitis is likely to be specific, although perhaps 

less sensitive than PD with or without contrast, whereas in established disease gray­

scale has difficulty differentiating between fibrotic (inactive) and active pannus and 

should benefit from the addition of PD. 

Being able to ascertain what the main function of the equipment is going to 

be is helpful in determining the type of equipment required; for ward work primarily 

used to detect and guide aspiration of effusion for example a portable machine with 

only moderate quality Doppler ability (to avoid vascular structures) is acceptable, 

but this is likely to be inadequate for monitoring small joints in inflammatory 

arthritis. 

In oligoarthritis our group has already demonstrated that US alters the 

diagnosis to a polyarthritis in over a third of patients. This suggests that US is a 

useful standardised method for assessing this patient group (Wakefield, Green et at. 

2004). 

Likewise there are similar assessment techniques for monitoring disease 

activity in the hand (Walther, Radke et at. 2004) and overall disease in RA with a 12 

joint US count representative of a 60 joint US count (Naredo, Gamero et at. 2005), 

as well as measures in SpA (Balint, Kane et at. 2002). Further studies are required to 

validate all these measures. 
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9.4.6 Are the requirements for US the same in clinical practice and research? 

The same applies to different working environments. A rheumatologist 

working in a small group will find it difficult to use US routinely in their clinical 

setting unless consideration of the time this takes is made. The practical solution 

would be to have a set clinic for performing US which maximises the usefulness of 

the machine, and also allows sharing of equipment with other departments. The 

obvious disadvantage of this is that patients have to return for this investigation. 

In a large academic unit it would be easier to have one operator using the 

machine while the rest of the team perform their outpatient work, and if clinical 

trials are part of the units' workload then specific time will need to be set aside for 

this bearing in mind clinical research assessments are usually longer. The technical 

requirement of the machine will also differ in this setting requiring a 'top-end' 

machine which in practice means a cost greater than £50, 000. 
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9.4.7 Other advances: what is the opposition? 

Advances in technology are not limited to US and the last few years have 

seen massive advances in MRI technology with low-field MRI units becoming 

available. These usually are in the range of 0.2 -0.5 Tesla, compared with standard 

high field MRI of 1.5 Tesla. These have the advantage over high-field MRI of 

patient comfort (high-field MRI of MCP requires the patient lying prone in 

'superman position' for up to 45 minutes ), less noise, less contraindications, less 

space and shielding required, less maintenance, not to mention less cost! 

The drawback of low field MRI is its low MR signal because the signal-to­

noise ratio is proportional to the field strength; the stronger the field, the stronger the 

signal. Other disadvantages are reduced field of view (for example the 'Magnaview' 

can image only 2-3 MCPs), and less resolution. 

As with US, improvements in technology are such that, usmg a high 

sensitivity radio frequency coil with high-temperature superconductors (better 

receiver) the problem of a weak signal can be overcome. This new technology can 

result in an increased signal to noise ratio of more than 100%. It is not unrealistic to 

expect that in a few years low-field units will be seen in outpatient departments in 

theUK. 

Improvements in technology of another kind are likely to have an impact on 

US soon. Portable machines are improving all the time and with better technology 

transducer elements that 'plug and play' in modified laptops are not far away. The 

question regarding the future of US is not so much about competition from other 

modalities rather how much US itself will adapt to these changes in technology. 
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9.4.8 Who should perform US? 

In the last decade there has been a trend towards earlier more aggressive 

therapy for inflammatory arthritis using the adage that inflammation over time 

causes damage. This requires the assessing physician to be confident that they have 

made a reliable initial diagnosis prior to starting long-term potentially harmful 

treatment. This has inevitably led to physicians becoming interested in any 

modality, imaging or otherwise, that can be used to detect a condition and then 

monitor response to therapy. 

The specific role of US in standard rheumatological practice is increasing as 

a result of easier access due to portable US machines, lack of ionising radiation, 

relatively low costs and improved technology making US more amenable to assess 

smaller joints. Direct visualisation of the area of interest with US is extremely 

valuable for both diagnostic and therapeutic reasons. As the use of US becomes 

more widespread and machines become more portable, and interest, particularly in 

academic units increases, more rheumatologists are taking on the role of performing 

US themselves . 

. The technical requIrements for US have already been discussed, but it is 

important to point out that in conjunction with quality US equipment, a good US 

assessment requires knowledge of the anatomy at the site of interest to avoid 

misinterpretation of normal anatomy, as well as understanding of the clinical 

scenario. This has lead to clinicians claiming that they, rather than an independent 

radiologist are best suited to do this. 
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In the shoulder there is evidence that US perfonned by an experienced 

radiologist and rheumatologist is reliable in assessing the rotator cuff (Swen, Jacobs 

et al. 1999), although another study amongst radiologists suggests that experience is 

important for maintaining good reliability (O'Connor, Rankine et al. 2005); while in 

the small joints there is good reliability between an experienced radiologist and a 

rheumatologist with limited training, but working to predetennined definitions 

(Szkudlarek, Court-Payen et al. 2003) . 

This confinns what is really important is not who should do it, but rather 

whether an individual is competent to perfonn US. Again standardised assessment 

and definitions seem to produce good results, even in a relatively inexperienced 

operator. 
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9.4.9 Training 

As a result of the increasing use of US in rheumatology more 

Rheumatologists are requesting training (Wakefield, Goh et al. 2003) and 

organisations like the BSR and EULAR are now providing teaching programmes 

differentiated by operator expertise. Different training techniques have been 

suggested ranging from a self taught programme after a 2 hour introduction 

(Filippucci, Unlu et al. 2003) or an informal team approach (Taggart, Filippucci et 

al. 2006), to a more didactic focused system (D'Agostino, Maillefert et al. 2004). 

The study described in the previous paragraph is significant, and highlights the need 

for standardised assessment and clear definitions. One novel training programme 

involved the use of remote assistance to train non physician crew members how to 

perform US of the shoulder in space (Fincke, Padalka et al. 2005). 

There have also been increasing efforts to determine exact requirements for 

rheumatology US training with collaboration from world-wide experts (Brown, 

O'Connor P et al. 2005) leading to the design of specific competency based 

educational outcomes (Brown, O'Connor et al. 2006). This takes into account 

criteria that all experts agree are a requirement for competency to be demonstrated. 

The next important phase of this work is to develop better clinical governance with 

means of certification, ongoing training, assessment and accountability. 
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9.5 Conclusion 

In conclusion, the studies discussed in this thesis provide new insights into 

the role of US in the investigation and management of rheumatic conditions. This 

thesis explores different potential roles for US, from establishing criterion and 

construct validity to reproducibility and predictive validity of the technique. This 

thesis demonstrates that US, while still requiring further investigation, is important 

in the day to day running of a rheumatology practice. 
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