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Overview of Selected Scoring Systems



1. Ohrndorf S, et al. Arthritis Care & Research 2012;64:1238-43. 
2. Naredo E, et al. Arthritis Care & Research 2008;59:515-22.
3. Zufferey P, et al. Swiss medical weekly 2013;143:w13861. 
4. Kaeley GS, et al. J Rheumatol 2016;43:1480-9. 
5. Dale J, et al. Ann Rheum Dis 2016;75:1043-50. 
6. Haavardsholm EA et al. BMJ; 2016;354:i4205. 
7. Ranganath VK, Hammer HB, McQueen FM. Best Practice & Research Clinical Rheumatology 2020;101593. 

Name Joints Tendons Erosions

Wrist MCPs PIP ELBOW ANKLE KNEE MTP

US7 (1)
D+V+ DRUJ 2,3 2,3 2,5 Hand MTP 2,5*

12-Joint Naredo (2)
D 2,3 Ant + 

Post Anterior Supra 
+Lat Ankle L,M

22- Joint SONAR (3)
D 2--5 2--5

10-Joint MUSICA (4)
D 2,3,5 5 All Joints*

18-Joint TASER (5)
D 2,3 2,3 2--5

32-Joint ARTIC (6)
D+V+ DRUJ 1--5 1--5 Anterior Supra 1--5
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*US7 included erosions in sum score, MUSICA did not include erosions in activity score. 

Selected Scoring Systems Overview
GSK
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Selected Scoring Systems – Hand 
GSK

Joints Dorsal / Volar Short/Long

Wrist MCPs PIP MCP/PIP

US7 (1)

D+V+ 
DRUJ 2,3 2,3 Both Both

12-Joint Naredo (2)
D 2,3 Both Long

22- Joint SONAR (3)
D 2--5 2--5 Both Long

10-Joint MUSICA (4) D 2,3,5 Both Both

18-Joint TASER (5) D 2,3 2,3 Dorsal Long

32-Joint ARTIC (6)

D+V+ 
DRUJ 1--5 1--5 Dorsal Long
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Selected RA Scoring Systems – Cont.
GSK

Name Machine B-Mode (MHz) PD Freq (MHz) PD PRF (Hz) PD Gain / Power 
(%) Color Map

Scanning 
Time 
(min)

Reading Calibration

US7 (1) Esaote Mylab 70 20
Local, Still 
images for 
reliabilty

12-Joint Naredo (2) GE Logiq 5 PRO 7--12 500--750
Local, Still 
images for 
reliabilty

22- Joint SONAR (3) Local 

10-Joint MUSICA (4) Portable Esaote
Mylab 5 12--18 8 500 (Min 80)/100 Orange Central Atlas 

18-Joint TASER (5) Portable GE 
Voluson I 10--16 10 900 Local, Single

32-Joint ARTIC (6) Siemens Antares 
or GE Logiq E9 11.4/13.0 7.3/10 391/600 12--20 Local Atlas + 

Annual 

All used semiquantative scoring for synovitis



Does having good equipment matter?
 19 Rheumatologists – 2 workshop training for SONAR score
 6 machines of varying quality  evaluated 29 individual patients  
 Each rheumatologist scored 4-6 patients static images

B-mode Score
Wtd. Kappa

Quality of machine affects reliability of B-mode and sensitivity of  PD 
synovitis assessment

1. Brulhart L, et al. Reproducibility and feasibility of a22 joints ultrasound score in rheumatoid arthritis: a study among rheumatologists with diverse 
expertise in musculoskeletal ultrasound. Swiss Medical Weekly 2011;2011:6. 

2. Torp‐Pedersen S,, et al. Power and Color Doppler Ultrasound Settings for Inflammatory Flow: Impact on Scoring of Disease Activity in Patients With 
Rheumatoid Arthritis. Arthritis & Rheumatology 2015;67:386-95. 

 Torp-Pederson et al Sensitivity of PD affected by quality of 
machines and settings (2)



Can Reliability be Improved?



GLOESS SCORERheumatoid Arthritis
OUTCOME 
MEASURE

0 1 2 3

No SH and no PD signal Grade 1 hypoechoic SH 
and
≤ grade 1 PD signal

Grade 2 hypoechoic SH 
and 
≤grade 2 PD signal; or

Grade 1 SH 
and 
grade 2 PD signal

Grade 3 hypoechoic SH 
and
≤ grade 3 PD signal; 

or grade 1 or 2 SH 
and
grade 3 PD signal

Combined score  (greyscale SH + PD)

Terslev L, et al. Scoring ultrasound synovitis in rheumatoid arthritis: a EULAR-OMERACT ultrasound taskforce-
Part 2: reliability and application to multiple joints of a standardised consensus-based scoring system. RMD 
open vol. 3,1 e000427. 11 Jul. 2017

Ultrasound Synovitis Score

Proposed at point of scan 
acquisition or reading

Not auditable if 
composite 

recorded only



Validity of Separating Synovial 
Hypertrophy from EffusionRheumatoid Arthritis

D'Agostino MA et al. Annals of the rheumatic diseases. 2016 Oct;75(10):1763-9.

• Global OMERACT–EULAR Synovitis Score (GLOESS)
• Synovial hypertrophy scored and effusion excluded

• Although consensus purported, validity is unclear
• Approach taken to enable use of machines with poor Doppler sensitivity
• Synovial hypertrophy may appear anechoic
• It may not be possible to differentiate fluid from synovial hypertrophy based on 

compression. (How far can you squeeze a sponge?)
• Sites such as the volar aspects of PIP joint may be especially difficult to differentiate

• No literature found in comparing this approach to complimentary standard eg
MRI with contrast

• Assumes fluid does not have inflammatory cytokines or cells – systematic bias

OUTCOME 
MEASURE



Interobserver Reliability GLOESS Score

Calculated from tables 4 and 6 of reference #2
(*Bilateral Wrist, PIP, Knee, MTP + MCP)

12 US Experts

Web Based Exercise

8 Patients Scanned 
Twice Over 2 Days

Image Reliability of 
Non-MCP Joints

Reliability of Static Image and Patient Scoring

Kappa (Mean)

Static Images 
Non MCP Joints

Live Scanning Non 
MCP Joints

Live Scanning ALL 
Joints*

Synovial  Hypertrophy (0-3) 0.59 0.53 0.60

Power Doppler (0-3) 0.86 0.45 0.52

GLOESS Combined Score (0-3) 0.62 0.56 0.62

1. D’Agostino M-A, et al. RMD Open BMJ Specialist Journals; 2017;3:e000428. 
2. Terslev L, et al. RMD Open BMJ Specialist Journals; 2017;3:e000427. 



The Journey to Create the LA-JAX Score
Goal: Systematically examine and control variables for a sonographic scoring system to improve reliability of 
synovitis scoring prior to a clinical trial at UCLA and UF Jacksonville examining response to Tocilizumab. 

Pre-Face to Face

 Selection of joints/recesses
 Equipment and settings
 Reading of two sets of 

images
 Intensive teleconferences
 Creation of preliminary 

atlas

Face to Face 1
UCLA

 GSK & ABA sonographers
 6 RA pts (Mean CDAI 24) 

examined by main sonographers
 2 RA pts re-examined by main 

sonographers
 Intensive in person discussion of 

discrepant scores and identifying 
factors

 Post F2F reading of 2 pts 

Face to Face 2
UF-JAX

 GSK & VKR sonographers
 4 RA pts (Mean CDAI 34.5) 

examined twice in one day by 
both sonographers

 Intensive in person discussion 
of discrepant scores and 
identifying factors

 Finalization of reading atlas

Funding source: Genentech (Investigator Initiated Study)Ranganath VK, et al Arthritis Rheumatol. 2015; 67 (suppl 10)



Pre-Face to Face

 Esaote My Lab Class C
 12-18 MHz Linear Probe
 PD frequency 8.3 MHz 
 PRF at 500 Hz
 Gain just above noise

34 Joints (Bilateral)

Scan time 40-60 min

Pre-F2F1 inter-reader reliability 
 Reading of two sets of images
 Percent agreement 64%, 
 Weighted kappa 0.60, 
 ICC 0.75,
 Spearman correlation 0.77

Replaced Joints NOT excluded

Ranganath VK, et al. Arthritis Rheumatol. 2015; 67 (suppl 10).



Standardizing Scanning 

Power Doppler settings
During F2F1 scores of female sonographers were higher than 
the two male sonographers – color blindness identified

Color maps – changed from red/orange to blue

 B-Mode settings agreed upon in person by GSK, ABA
 Grey Map, dynamic range
 Starting depth, frequency, gain
 Software version kept the same, same presets at two sites

B-Mode settings 

Face to Face 1
UCLA

Room Settings
 Temperature, lighting

Patient Factors
 Hand joints – neutral position
 Knee – 30 degrees
 Foot on table
 Gel layer
 Joint contractures – use most relaxed 

position and gel layer
 NSAIDs held 24 hr prior to scan for 

protocol

Suliman Y, et al. Ann Rheum Dis 2015;74:441.1-441.

DRUJ



Standardizing Reading

F2F2 – Discrepant scoring identified
Rules created for scoring to allow consistency in scoring
Main difficulty was in deciding between grades 2/3 for both B-mode and Doppler
See following slides for examples

Controlling For Reader Drift
MUSICA study – central reader drift over 2 years (1)
Local reading drift recognized as  threat by Artic group (2)
LA-JAX Mitigation

Over-read 20% of each other sites images
Re-read blinded set of images every year

1. Kaeley GS,  et al. Arthritis & Rheumatology (Hoboken, N.j). 2016;68(11):2584-2592  
2. Haavardsholm EA et al. BMJ; 2016;354:i4205. 



Consistent B-Mode Scoring



Normal Midline Long Wrist 

Small amounts of fluid can be seen at radiocarpal and midcarpal recesses



How would you 
grade these?

Grade 2 or 3?

Grade 2 or 3?

Defining “Rules” 
to ensure 

consistency



Grayscale Synovitis - Grade 1: Synovitis extending 
from either the radio-carpal joint (A) or the 
intercarpal joint (B), but not both – should 
remain under line drawn from radius to superficial 
aspect of capitate

A

B

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular 
Inflammation. Cham: Springer International Publishing



β-Line

Grayscale Synovitis - Grade 2: Synovitis extending from both the radio-carpal joint AND the intercarpal joint, with all 
synovitis remaining deep to the β-Line.  Or, synovitis of the radio-carpal or intercarpal joint, with significant capsule 
distention. 

B-MODE

GRADE 2

β-Line

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Cham: Springer 
International Publishing



β-Line

β-Line

Grade 3: Synovitis in the radiocarpal joint, the intercarpal joint, or both, which 
extends superficial to the β-Line

B-MODE

GRADE 3

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Cham: Springer International Publishing



How would you 
grade these?

Grade 2

Grade 3

Defining “Rules” 
to ensure 

consistency



An Obvous Grade 3!



Consistent Power Doppler Scoring 



Scoring Methodology

Power Doppler: Semiquantitative 0,1,2,3
(None, mild, moderate, severe)

But how do you 
decide?

Reading rules 
created to 

ensure reliability

Grade 1: Upto 3 dots
Grade 2: >3 dots, but <50% 
synovium or confluent signal
Grade 3: PD > 50% visible 
synovium

Grade 1 Power Doppler

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation [Internet]. Cham: Springer International Publishing



Scoring Methodology

Power Doppler: Semiquantitative 0,1,2,3
(None, mild, moderate, severe)

But how do you 
decide?

Reading rules 
created to 

ensure reliability

Is this Grade 2 or 3? See Next Page…

Grade 1: Upto 3 dots
Grade 2: >3 dots, but <50% 
synovium or confluent signal
Grade 3: PD > 50% visible 
synovium

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Cham: Springer International Publishing



Quadrant Rule

3
21

Definition:
A. Draw a cross-hair with the x-axis parallel to the joint line, running 
along the shaft of the metacarpal, and the y-axis running through the 
neck of the metacarpal.
B. Note there are three quadrants where Doppler signal can be seen. 

Grade 1: < 3 Signals
Grade 2: > 3 Signals 
< 50% recess
Grade 3: >50% recess ie > 2 Quadrants

Since signal is present in only 2 of 3 segments – this is grade 2. 

Quadrant Rule – Need to have at least 2 vascular
signals or large confluent area of Doppler in each
quadrant to meet the more than 2 quadrants = Grade
3 rule



Scoring Methodology

Power Doppler: Semiquantitative 0,1,2,3
(None, mild, moderate, severe)

But how do you 
decide?

Reading rules 
created to 

ensure reliability

Grade 1: Upto 3 dots
Grade 2: >3 dots, but <50% 
synovium or confluent signal
Grade 3: PD > 50% visible 
synovium

Grade 3 Power Doppler

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Cham: Springer International Publishing



Power Doppler Intra-Reader Reliability

Time Point

Percent 
Agreement

Weighted 
Kappa ICC Spearman 

Correlation

F2F1
US-1 79% 0.52 0.59 0.64
US-2 90% 0.63 0.71 0.67

Post-F2F1
US-1 88% 0.76 0.91 0.79
US-2 94% 0.86 0.89 0.89

Power Doppler Inter-Reader Reliability

Time Point
Percent 

Agreement
Weighted 

Kappa ICC Spearman 
Correlation

Pre-F2F1 64% 0.60 0.75 0.77

F2F1 76% 0.50 0.66 0.59

Post-F2F1 82% 0.77 0.75 0.83

Pre-Face to Face

Face to Face 1
UCLA

Suliman Y, et al. Ann Rheum Dis 2015;74:441.1-441.

Pre and Post F2F1 
reliability – static 
images

F2F1 –
Acquisitional 
Reliability



Intra- reader Inter- reader
Weighted
Kappa

ICC Spearman
correlation

Weighted
Kappa

ICC Spearman
correlation

F2F-1
US-1 0.63 0.71 0.67

US-1/US-2 0.51 0.66 0.59US-2 0.52 0.59 0.64

F2F-2
US-1 0.80 0.86 0.86

US-1/US-3 0.66 0.75 0.73US-3 0.72 0.81 0.81

Difference
US-1 -0.17 -0.15 -0.19 Difference -0.16 -0.09 -0.14

p-value 0.02 0.02 0.008 p-value 0.03 0.22 0.07
ICC: intraclass correlation coefficient; F2F: face-to-face; US: ultrasonographer

Face to Face 1
UCLA

Face to Face 2
UF-JAXRanganath VK, ET AL. Arthritis Rheumatol. 2015; 67 (suppl 10).

LA-JAX Power Doppler Acquisitional Reliability
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*US7 included erosions in sum score, MUSICA did not include erosions in activity score. 

Selected Scoring Systems Overview
GSK

Name Joints Tendons Erosions
Wrist MCPs PIP ELBOW ANKLE KNEE MTP

US7 (1) D+V+ DRUJ 2,3 2,3 2,5 Hand MTP 2,5

12-Joint US Score (2) D 2,3 Ant+Post Anterior Supra +Lat Ankle L,M

22- Joint SONAR (3) D 2--5 2--5

10-Joint MUSICA (4)
D 2,3,5 5 All Joints

18-Joint TASER (5)
D 2,3 2,3 2--5

32-Joint ARTIC (6)
D+V+ DRUJ 1--5 1--5 Anterior Supra 1--5

34-Joint LA-JAX (7)
D+DRUJ 1--5 1--5 Med +Lat 2--5



The Journey to Create the LA-JAX Score

 Best Practices for scan 
acquisition

 Room temperature, lighting
 Machine settings preset

Optimizing B-Mode
 Optimizing frequency, depth, 

probe position to fully image 
joint areas of interest

 Probe positioning on deformed 
joints – optimizing recess views

 Focal point positioning
 Standardized layer of gel

Optimizing Doppler Acquisition
 Standardized layer of gel
 Coverage of all recess areas – may  

require two views for large recesses
 Strict adherence to the Power Doppler 

settings
 Color map adjustment for Power Doppler 

to accommodate for color blindness 
(present in 7% of males and 0.5% in 
females)

Optimizing Scoring
 Extensive scoring atlas
 Rules for discrepant joints

Ranganath VK, ET AL. Arthritis Rheumatol. 2015; 67 (suppl 10).

Statistical analysis, how to treat multiple 
views in a joint also considered. 
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