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Main Text 

ABSTRACT 

Objectives 

To determine whether novel methods of selecting joints through (a) ultrasonography (Individualized-

Ultrasound (IUS) method), or (b) ultrasonography and clinical examination (Individualized-Composite-

Ultrasound (ICUS) method) translate into smaller RA clinical trial sample sizes when compared to existing 

methods utilizing pre-determined joint sites for ultrasonography.  

Methods 

Cohen’s effect size (ES) was estimated (ܧܵ ) and a 95% CI (ܵܧ ܵܧ , ) calculated on a mean change in 3-

month total inflammatory score for each method. Corresponding 95% CIs [݊൫ܵܧ ൯ǡ ݊ሺܵܧሻሿ  were 

obtained on a post-hoc sample size reflecting the uncertainty in ܧܵ . Sample size calculations were based 

on a 1-sample t-test as the patient numbers needed to provide 80% power at Į = 0.05 to reject a null 

hypothesis H0: ES = 0 versus alternative hypotheses H1: ES = ܧܵ , ES = ܵܧ  and ES = ܵܧ . We aimed to 

provide point and interval estimates on projected sample sizes for future studies reflecting the uncertainty 

in our study ݏܵܧ .  

Results 

24 treated RA patients were followed up for 3 months. Utilizing the 12-joint approach and existing 

methods, the post-hoc sample size (95% CI) was 22 (10, 245). Corresponding sample sizes using ICUS 

and IUS were 11 (7, 40) and 11 (6, 38), respectively. Utilizing a 7-joint approach, the corresponding 

sample sizes using ICUS and IUS methods were 9 (6, 24) and 11 (6, 35), respectively.  

Conclusions 

Our pilot study suggests that sample size for RA clinical trials with ultrasound endpoints may be reduced 

using the novel methods, providing justification for larger studies to confirm these observations. 

  

Key words: Rheumatoid Arthritis, Ultrasonography, Synovitis, Joints, Clinical trial, Sample size 
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INTRODUCTION 

Musculoskeletal ultrasound has been increasingly used in rheumatoid arthritis (RA) trials as an outcome 

measurement tool [1,2]. Its use in trials has been greatly faciliated by standardized ultrasound definitions 

of joint pathologies [3] and the adoption of semi-quantitative grading of joint inflammation on both B-mode 

and power Doppler ultrasound [4]. Ultrasound monitoring using an extended number of joint sites can be 

time-consuming, and therefore there has been much interest in determining the optimal ‘minimal’ 

ultrasound joint count that will provide a responsive outcome [5]. Various studies have advocated the use 

of different reduced ultrasount joint sets based on different criteria (such as frequency of joint 

involvement, representativeness of joints, feasibility, and using logistic regression models) [6] and to date, 

there has not been a global consensus on which is the best model to adopt. It is therefore important to 

study the relative performance metrics of various ultrasound models [7, 8] and examine how these may 

impact on issues relating to RA trial design, especially the sample size requirement.  

 

Recently, novel ultrasound outcome measures using joint selection based on patient symptoms and 

ultrasound findings, and enabling a reduced joint count, have been shown to be highly responsive for 

demonstrating improvement in joint inflammation [9] when compared to other existing methods that pre-

specify joints for ultrasound scanning as well as the Disease Activity Score at 28 joints (DAS28). In this 

pilot study, our aim was to determine whether the use of the novel ultrasound joint selection methods 

might translate into smaller sample sizes for RA clinical trials with ultrasound endpoints when compared 

to existing methods based on pre-specified joints.   

 

METHODS 

Seropositive active RA patients with DAS28 greater than 3.2 and polyarticular joint involvement (5 or 

more tender and/or swollen joints) were recruited in this institutional review board (IRB) approved 

research study. All patients were started or escalated on systemic corticosteroids and disease modifying 

anti-rheumatic drugs (DMARDs). Clinical examination and ultrasound assessment was performed at 44 

joint sites (which included bilateral hand and feet joints, wrists, mid-foot, ankles, knees, elbows, hips and 

shoulders) at baseline and 3 months as previously described [9]. This study conforms to the relevant 
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research ethics guidelines. All patients provided informed consent before enrolling into the research study 

and patient recruitment took place from March 2013 to May 2016. Details that might disclose the identity 

of the subjects under the study have been omitted.    

 

Ultrasonography and clinical joint examination 

Ultrasound imaging on all patients was performed in the same outpatient location using standardized 

scanning based on the EULAR guidelines [10]. The ultrasound machines used were either (a) General 

Electric Healthcare LOGIQe machine with a multi-frequency (5-13 MHz) linear array transducer or (b) 

Philips Medical Systems EPIQ 5G machine with a multi-frequency (5-17 MHz) linear array transducer. 

Ultrasound machines were pre-set for the joint sites. For each patient, the same ultrasound machine and 

probe was used throughout the study period. The clinical joint examination was performed by a 

metrologist or a study nurse. A single rheumatologist experienced in musculoskeletal ultrasound acquired 

and scored the ultrasound images while blinded to the findings of the clinical joint assessors.   

 

Using grey-scale (GS) and power Doppler (PD) ultrasonography, synovial inflammation at the joints were 

scored using a semi-quantitative system (0-none, 1-mild, 2-moderate and 3-severe), while tenosynovitis 

were scored using a dichotomous system (0-absent, 1-presence) as described previously [9]. On clinical 

examination, joint swelling and tenderness were scored dichotomously (0-absent, 1-presence) while joint 

pain were scored semi-quantitatively (0-none, 1-mild, 2-moderate and 3-severe) [9].  

 

Novel ultrasound joint selection and existing methods 

The novel ultrasound joint selection and the existing methods have been previously described [9] in detail, 

so only a summary will be given in what follows. The novel methods selected up to 7 or 12 of the most 

affected joints using (a) ultrasound joint inflammatory findings only—the Individualized-Ultrasound (IUS) 

method, or (b) both clinical and ultrasound joint inflammatory findings—the Individualized-Composite-

Ultrasound (ICUS) method. The findings were compared to existing methods which utilized pre-specified 

reduced ultrasound joint sets for ultrasonography. The existing methods included a pre-specified 7-joint 

reduced ultrasound joint set [11] and a 12-joint reduced ultrasound joint set derived from an ultrasound data 
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reduction method [12].  

An individual joint score (IJS) at each joint site was calculated for each patient. For the IUS and existing 

methods, the IJS was derived by summing up the ultrasound component sub-scores and dividing it by the 

greatest possible score at the joint. For example, at the right elbow joint, the ultrasound sub-scores (GS 

and PD ultrasound scores obtained at the relevant joint recesses) are summed up and then divided by 

the sum of the greatest possible GS and PD ultrasound scores at the same joint recesses to obtain the 

IJS for the IUS and existing methods. 

 

For the ICUS, the IJS was derived by summing up both the clinical and ultrasound component sub-scores 

and dividing it by the greatest possible score at the joint. This allows score weights to be equalized across 

the joints [9].  For example, at the right elbow joint, the ultrasound sub-scores (GS and PD ultrasound 

scores obtained at the relevant joint recesses) and the clinical sub-scores (joint tenderness, swelling and 

pain scores) are summed up and then divided by the sum of the greatest possible ultrasound scores 

(greatest possible GS and PD ultrasound scores at the same joint recesses) and the greatest possible 

clinical scores (greatest possible joint tenderness, swelling and pain scores) to obtain the IJS for the 

ICUS method. 

 

In the novel ultrasound methods, the joint selection process followed an algorithm which ranked the IJSs 

from the 44 joints from the greatest to the least in magnitude. Joints with a greater IJS would be selected 

over a lesser one, and the joint selection proceeds through a pre-specified joint sequence as described 

previously [9]. This process was repeated with smaller magnitude IJSs until the target joint count was 

reached (7 or 12 joints).  

 

Statistical analysis 

Subject demographics and baseline characteristics were summarized as mean and standard deviation 

(SD) for continuous variables and counts and percentages for categorical variables. The IJS at the 

relevant joints per patient were summed to obtain the total inflammatory score (TIS). The TIS was then 

calculated at baseline and 3 months for the various joint selection methods via the 7- and 12-joint 
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approaches. The estimate of TIS effect size (ES) at 3 months (ܧܵ ) was calculated as mean change in 3-

month TIS divided by the standard deviation (SD). 95% confidence intervals (CIs) were calculated on the 

estimated ES, viz. (ܵܧ ܵܧ , ), using the method described in [13]. From the 95% lower and upper 

confidence limits on ܧܵ , respective upper and lower limits [݊൫ܵܧ ൯ǡ ݊ሺܵܧሻሿ  were obtained on the post-

hoc sample size reflecting the uncertainty in ܧܵ . Sample size calculations were based on a 1-sample t-

test as the number of subjects needed to provide 80% power at Į = 0.05 to reject the null hypothesis that 

H0: ES = 0 versus the respective alternative hypotheses H1: ES = ܧܵ , ES = ܵܧ  and ES = ܵܧ . Confidence 

intervals on the estimated effect size were calculated using SAS software V9.4 (SAS© Cary, NC, USA). 

Sample size calculations were performed using PASS© 2008 (NCSS©, Kaysville, UT, USA).   

 

RESULTS 

Subjects’ baseline characteristics 

Twenty-four patients with RA had mean DAS28 scores at baseline and 3 months of 4.81 and 4.20, 

respectively.  Their baseline characteristics were as follows: mean age 57.2 years; majority Chinese 

(75%); majority female (83.3%); baseline mean (SD) ESR, 40.7 (27.2) mm/hr; mean (SD) disease 

duration, 45.4 (57.3) months. All the patients were started or escalated on systemic corticosteroids and 

disease modifying anti-rheumatic drugs (DMARDs). Within 3 months prior to patient recruitment, 19 out of 

the 24 patients (79.2%) received oral prednisolone while 16 out of the 24 patients (66.7%) received oral 

DMARD (which included hydroxychloroquine, sulfasalazine, leflunomide, methotrexate and azathioprine). 

The most frequently selected joints (within the top quartile) for the novel methods using the 7-joint 

approach and the 12-joint approach in our study population are presented in figure 1. 

 

Sample size analysis 

Using the 12 joint approach, the baseline mean TIS (with a maximum possible score of 12) for existing, 

ICUS and IUS were 1.35, 2.56 and 2.43 respectively, while the 3-month mean TIS (with a maximum 

possible score of 12) for existing, ICUS and IUS were 1.12, 1.68 and 1.52 respectively. Based on the effect 

size estimates and assuming use of the existing 12-joint approach in a future study, the post-hoc sample 

size estimate for detecting an effect size of 0.63 was n = 22. Using the existing 12-joint approach, the wide 
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95% CI on sample size which ranged from 10 to 245 reflects the uncertainty in the effect size estimate 

(0.18, 1.06). Using the ICUS 12-joint approach, the corresponding post-hoc sample size estimate for 

detecting an effect size of 0.96 was n = 11, while the 95% CI on sample size ranged from 7 to 40. Using 

the IUS 12-joint approach, the corresponding post-hoc sample size estimate for detecting an effect size of 

0.97 was n = 11, while the 95% CI on sample size ranged from 6 to 38 (Table 1). The tighter CIs using the 

ICUS 12-joint approach and the IUS 12-joint approach reflect a greater precision in estimating ES using 

the novel approaches.  

 

Using the 7 joint approach, the baseline mean TIS (with a maximum possible score of 7) for existing, ICUS 

and IUS were 0.56, 1.90 and 1.89 respectively, while the 3-month mean TIS (with a maximum possible 

score of 7) for existing, ICUS and IUS were 0.45, 1.29 and 1.24 respectively. Based on the effect size 

estimates and assuming use of the existing 7-joint approach in a future study, the post-hoc sample size 

estimate for detecting an effect size of 0.34 was n=70. The lower bound for 95% CI on sample size using 

the existing 7-joint approach was 16, while the upper bound was not estimable as the confidence interval 

on estimated ES (-0.07, 0.75) contained the null value zero. Using the ICUS 7-joint approach, the 

corresponding post-hoc sample size estimate for detecting an effect size of 1.13 was n = 9, while the 95% 

CI on sample size ranged from 6 to 24. Using the IUS 7-joint approach, the corresponding post-hoc 

sample size estimate for detecting an effect size of 0.99 was n = 11, while the 95% CI on sample size 

ranged from 6 to 35 (Table 1). 

 

DISCUSSION 

Our study is the first to explore sample size reduction for RA clinical trials with ultrasound endpoints using 

novel ultrasound joint selection methods versus existing methods. From the sample estimates and 95% 

CI analysis, our data suggests that sample size requirement for these RA clinical trials may be reduced 

using the novel methods which can provide greater responsiveness. 

 

Ultrasonography is well suited as an outcome measurement tool in RA clinical trials. For more than a 

decade, it’s use has been studied in numerous longitudinal observational RA cohorts, and shown to be 
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useful as an efficacy measure of RA drug therapies such as corticosteroids [14], conventional [15] and 

biological DMARDs (e.g. tumor necrotic factor inhibitors [16], tocilizumab [17] and abatacept [18]). 

Additionally, one RA randomized control trial (n=24) has shown that GS ultrasound and PD imaging of 

synovial inflammation was able to discriminate between two patient groups (one group receiving 

infliximab and methotrexate (MTX) versus another group receiving placebo and MTX) over an 18 weeks 

time period [19].  

 

Sample size considerations are especially relevant in the modern RA trial settings. Due to ethical 

concerns, extended placebo treatment periods are no longer feasible. Further, longer term drug trials will 

need to incorporate active comparator(s) or provide avenue(s) for rescue therapy, thereby making it more 

challenging to discriminate between treatment arms. With smaller measurable differences between 

treatment arms, clinical trials may need to be substantially longer in duration as well as requiring larger 

sample sizes to achieve statistical differences between treatment arms [20, 21]. Conceivably, the ability to 

reduce sample size requirement can be invaluable in the modern trial settings, facilitating both early and 

late phase clinical trials and potentially speeding up the process of new drugs discovery.           

 

The limitations of this pilot study are the small sample size, the short duration of follow-up period and the 

small change in mean DAS28 score in our study population. Future larger scale RA studies with longer 

term follow-up periods will be required to confirm our observations and to delineate any correlation 

between the improvements seen using clinical scores (e.g. DAS28) versus ultrasound inflammatory 

scores. Moreover, our study population have, on an average, long standing disease (i.e. mean disease 

duration of 45.4 months) and patients were escalated or initiated in both DMARDs and corticosteroid. 

Depending on their study objectives, other clinical trials may be testing out other medication or 

interventions and may have different recruitment criteria (e.g. some may recruit patients with early RA 

while others may recruit patients with longstanding disease) and study protocols. Hence, our novel 

methods will need to be further tested out in various clinical scenarios and patient profiles in future 

studies. 
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Overall, our study provides promising data that sample size may be reduced in RA trials with ultrasound 

endpoints using novel ultrasound outcome measures. If confirmed in larger RA cohorts, this would have 

important implications for optimal use of ultrasound in modern RA clinical trials.     
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