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Clinical miscount of involved joints denotes the need for 
ultrasound complementation in usual practice for patients 

with rheumatoid arthritis 
G. Murayama, M. Ogasawara, T. Nemoto, Y. Yamada, S. Ando, K. Minowa, T. Kon, 

K. Tada, M. Matsushita, K. Yamaji, N. Tamura, Y. Takasaki

Department of Internal Medicine and Rheumatology, Juntendo University School of Medicine,
 Tokyo, Japan

Abstract 
Objective

Ultrasound (US) examination can visualise and clarify involved joints anatomically in patients with rheumatoid arthritis 
(RA), and it enables physicians to verify the accuracy of clinical assessments of involved joints. Here, we studied the 

practical “miscount”– calculated by subtracting US-determined involved joint count from clinically determined involved 
joint count – and analysed possible contributing factors for increased miscount. 

Methods
The study population consisted of 137 patients with RA. Physical joint examination was performed by 3 assessors with 
different levels of experience in rheumatology, followed by US joint examination. Clinical and US examinations were 

performed on 28 joints (proximal interphalangeal, metacarpophalangeal, wrist, elbow, shoulder, and knee on both sides). 
Miscount was calculated for all patients, and multivariate analysis was conducted on possible contributing factors for 

miscount, including age, sex, body mass index, disease duration, Steinbrocker stage, erythrocyte sedimentation rate (ESR), 
C-reactive protein level, patient global assessment (GA), evaluator GA, matrix metalloproteinase-3 level, and power 

Doppler (PD) score.

Results
A high variability in concordance rate among the joint sites was observed among the 3 assessors. The average miscount 

was 1.07 (SD, 5.19; range, 18 to -11). ESR and patient GA were determined as significant contributing factors for 
false-positive miscount, whereas PD score and age were significant factors for false-negative miscount.

Conclusion
In addition to the condition of the involved joint distribution and the assessor’s clinical examination skills, the patients’ 
background can also lead to increased miscount. Assessors should be blinded to patients’ background information, and 

US complementation should be included in usual clinical joint examinations.
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Introduction
In clinical examination of rheumatoid 
arthritis (RA), the count and degree 
of swollen and/or tender joints are the 
most important basic clinical features, 
and should be assessed carefully. These 
measures are included in the new clas-
sification criteria (1); in such compos-
ite measures as the disease activity 
score (DAS), simplified disease activ-
ity index (SDAI), and clinical disease 
activity index (CDAI); in the Boolean 
remission definition (2-5); and in the 
recommendations for achieving opti-
mal therapeutic outcomes in RA, which 
are referred to as “treatment to target” 
(6), which is important for early diag-
nosis, disease activity evaluation, treat-
ment decision, therapy evaluation, and 
prognosis for bone destruction (7, 8).
Inter- and intraobserver variability in 
the clinical assessment of joint swell-
ing and/or tenderness have been re-
ported (9). However, clinical joint as-
sessment methods still are being used 
without any modification, which could 
lead to incorrect diagnosis or over- or 
underestimation of disease activity. 
In recent years, the utilisation of ul-
trasound (US) has become common 
in rheumatology, which allows easier 
visualisation and clarification of in-
volved joints anatomically, and enables 
physicians to determine the accuracy 
of clinical judgment of swelling and/
or inflammation (10-17). There has 
been no study showing practical “mis-
count”– calculated by subtracting US-
determined involved joint count from 
clinically determined involved joint 
count. Furthermore, no study has con-
ducted multivariate analysis to deter-
mine the possible contributing factors 
for increased miscount.
In this study, we investigated the prac-
tical clinical joint examination skills 
of 3 assessors with different levels of 
experience in rheumatology. We deter-
mined the practical miscount, and ana-
lysed the factors possibly contributing 
to increased miscount. 

Patients and methods
The study population consisted of 
137 patients with RA (108 women, 
29 men) between the ages of 22 and 
85 years, who presented to Juntendo 

University Hospital in Tokyo, Japan 
(Table I). Diagnosis of RA was based 
on the criteria established in 1987 
(18). First, a physical examination 
was performed to assess the presence 
of joint swelling and/or tenderness; 
the examinations were performed by 
1 of 3 rheumatologists (assessor no. 1, 
GM; assessor no. 2, TN; assessor no. 
3, MO) who were blinded to the US 
findings. These assessors had different 
levels of experience in rheumatology: 
assessor no. 1, 2 years; assessor no. 2, 
8 years; and assessor no. 3, 16 years 
and Japan College of Rheumatology–
certified. The physical examinations 
were followed by a US examination 
(ProSound Alpha7 with UST-5411, 
10-13 MHz transducer; Hitachi Aloka 
Medical, Ltd., Tokyo, Japan). Clinical 
and US examinations were performed 
on 28 joints (proximal interphalangeal 
[PIP], metacarpophalangeal [MCP], 
wrist, elbow, shoulder, and knee on 
both sides). The US examination was 
carried out within 30 minutes of each 
clinical evaluation by 1 of 3 rheuma-
tologists experienced with US (asses-
sor no. 1, GM; assessor no. 2, TN; as-
sessor no. 3, MO) in a darkened room 
with a total time of less than 60 min-
utes, and the results were recorded af-
ter achieving a consensus between the 
assessors. 
Synovial effusion and/or hypertrophy 
were identified as abnormal hypoecho-
ic material within joint recesses, tendon 
sheaths, or bursa, and was graded on a 
semiquantitative gray scale (GS) from 
0 to 3 (0, absence; 1, mild; 2, moderate; 
and 3, marked) (19-22). Synovial blood 
flow was evaluated by power Doppler 
(PD) in each of the intra-articular and 
periarticular synovial sites. PD para-
meters were adjusted to the lowest per-
missible pulse repetition frequency to 
maximise sensitivity, while color gain 
was set just below the level at which 
color noise appeared underlying bone. 
Intra-articular PD signals were graded 
on a semiquantitative scale from 0 to 3 
(0: absence, no synovial flow; 1: mild, 
≤3 isolated signals; 2: moderate, >3 
isolated signals or confluent signal in 
less than half of the synovial area; and 
3: marked, signals in more than half of 
the synovial area) (19-22). PD signals 



508

Ultrasound complementation for miscount / G. Murayama et al.

in periarticular synovial sites, tendon 
sheaths, and bursa were also graded on 
a semiquantitative scale from 0 to 3 (0: 
absence, no synovial flow; 1: mild; 2: 
moderate; and 3: marked) (19-22). In 
each patient, the GS score represented 
the sum of the GS grade for all 28 joint 
sites, whereas the PD score represented 
the sum of the PD grade for all 28 joint 
sites. Since the maximum GS/PD score 
for each joint site was 3, the maximum 
possible score for each patient was 84. 
For each joint site, ≥GS 2 or ≥PD 1 was 
defined as a US-determined involved 
joint site. 
We calculated each of the 3 assessors’ 
sensitivity, specificity, positive predic-
tive value (PPV), negative predictive 
value (NPV), and kappa coefficient 
of clinical examination for US-deter-
mined involved joint sites. We also 
calculated miscount for each assessor 
by subtracting the US-determined in-
volved joint count from the clinically 
determined involved joint count, and 
then compared the miscount among the 
3 assessors. 
Finally, the possible contributing fac-
tors for miscount were studied with 
multivariate analysis. Clinically ob-
tained information, such as age, sex, 
body mass index (BMI), disease dura-
tion, Steinbrocker stage, erythrocyte 
sedimentation rate (ESR), C-reactive 
protein (CRP) level, patient global as-
sessment (GA), evaluator GA, matrix 
metalloproteinase-3 (MMP-3) level, 
and PD score were used as candidates 
for contributing factors. Clinical joint 
counts assessed as swelling/tender joint 
counts were excluded in advance since 
those were included in the formula of 
miscount. Clinical joint count-related 
composite measures were also exclud-
ed. An analysis of contributing factors 
for miscount was performed separately 
for 2 groups: when miscount was ≥0 
(false-positive miscount; clinical joint 
count ≥ US joint count) and when mis-
count was ≤0 (false-negative miscount; 
clinical joint count ≤ US joint count).
The study was conducted in accord-
ance with the Declaration of Helsinki 
and was approved by the Institutional 
Review Board at Juntendo University. 
Informed consent was obtained from 
all the study participants.

Results
Patient demographics
Average disease duration was 93.8 
(SD, 96.8) months. Of the 137 pa-
tients included in this study, 45.3% 

were classified as having Steinbrocker 
stage III or IV, and rheumatoid factor 
was present in 78 patients (56.9%). 
MTX was prescribed to 69.3% of the 
patients, biologics to 26.3%, and glu-

Table I. Patient characteristics.
	
	 All patients

n	 137
Female, n (%)	 108	 (78.8)
Age, y*	 54	 (22–85)
Body weight, kg* 	 51	 (36–91)
Body mass index, kg/m2* 	 20	 (14–38)
Disease duration, months*	 63.8	 (3–619)
Steinbrocker’s STAGE III/IV, n (%)	 62	 (45.3)
MTX use, n (%)	 95	 (69.3)
Biologics use, n (%)	 36	 (26.3)
Steroid use, n (%)	 48	 (35.0)
RF positive, n (%)	 78	 (56.9)
MMP-3 positive, n (%)	 90	 (65.7)
ESR, mm/h*	 21	 (2–155)
CRP, mg/dL*	 0.2	 (0–19.7)
Swollen joint count of 28 joints*	 3	 (0–24)
Tender joint count of 28 joints*	 1	 (0–26)
Patient GA* 	 4	 (0–10)
Evaluator GA* 	 4	 (0–9)
DAS* 	 3.5	 (0.4–8.2)
CDAI* 	 13	 (0–56)
SDAI* 	 14	 (0–63.5)
DAS remission (<2.6), n (%)	 37	 (27)
CDAI remission (≤2.8), n (%)	 22	 (16)
SDAI remission (≤3.3), n (%)	 25	 (18.2)
Boolean remission, n (%)	 16	 (11.6)

*Median (range).
CDAI: clinical disease activity index; CRP: C-reactive protein; DAS: disease activity score in 28 joints; 
ESR: erythrocyte sedimentation rate; GA: global assessment in cm (0-10); MMP-3: matrix metallopro-
teinase-3; MTX: methotrexate; RF: rheumatoid factor; SDAI: simplified disease activity index.

Fig. 1. The percentage of US-determined involved joints (≥GS2/PD1) for each joint site.
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cocorticoids to 35%. The percentage of 
patients in clinical remission differed, 
based on the index and definition: DAS 
(37/137; 27%), CDAI (22/137; 16%), 
SDAI (25/137; 18.2%), or Boolean 
(16/137; 11.6%) (Table I). Some of the 

patients in clinical remission still had 
subclinical synovitis (defined here as 
PD score >0): 57% (21/37; average 
PD score, 4.2±3.8), 45% (10/22, aver-
age PD score, 3.2±2.3), 52% (13/25; 
average PD score, 3.0±2.0), and 50% 

(8/16; average PD score, 2.6±1.5), re-
spectively. 
The percentage of US-determined in-
volved joints for each joint site are 
shown in Fig. 1. US-determined in-
volved joints were particularly ob-

Table II. Sensitivity, specificity, and predictive values for US-determined involved joints.
						    
	 Assessor no. 1	 Assessor no. 1		
	
≥GS2/PD1	 Sensitivity	 Specificity	 PPV	 NPV	 ≥GS1/PD1	 Sensitivity	 Specificity	 PPV	 NPV

Shoulder	 0.50 	 0.93 	 0.67 	 0.88 	 Shoulder	 0.29 	 0.92 	 0.67 	 0.69 
Elbow	 0.00 	 0.85 	 0.00 	 0.96 	 Elbow	 0.10 	 0.82 	 0.25 	 0.61 
Wrist	 0.54 	 0.90 	 0.90 	 0.55 	 Wrist	 0.51 	 0.92 	 0.93 	 0.47 
1MCP	 0.00 	 0.96 	 0.00 	 0.88 	 1MCP	 0.06 	 0.97 	 0.33 	 0.80 
2MCP	 0.50 	 0.83 	 0.50 	 0.83 	 2MCP	 0.42 	 0.83 	 0.55 	 0.74 
3MCP	 0.33 	 0.84 	 0.21 	 0.91 	 3MCP	 0.29 	 0.85 	 0.36 	 0.81 
4MCP	 0.25 	 0.97 	 0.33 	 0.96 	 4MCP	 0.08 	 0.97 	 0.33 	 0.85 
5MCP	 0.00 	 0.97 	 0.00 	 0.92 	 5MCP	 0.09 	 0.99 	 0.50 	 0.87 
1PIP	 0.50 	 1.00 	 1.00 	 0.99 	 1PIP	 0.33 	 1.00 	 1.00 	 0.97 
2PIP	 0.71 	 0.81 	 0.29 	 0.96 	 2PIP	 0.75 	 0.82 	 0.35 	 0.96 
3PIP	 0.75 	 0.82 	 0.20 	 0.98 	 3PIP	 0.75 	 0.82 	 0.20 	 0.98 
4PIP	 0.75 	 0.94 	 0.43 	 0.98 	 4PIP	 0.50 	 0.94 	 0.43 	 0.95 
5PIP	 0.67 	 0.96 	 0.40 	 0.98 	 5PIP	 0.67 	 0.96 	 0.40 	 0.98 
Knee	 0.50 	 0.85 	 0.78 	 0.61 	 Knee	 0.36 	 1.00 	 1.00 	 0.11 
Average	 0.43 	 0.90 	 0.41 	 0.88 	 Average	 0.37 	 0.91 	 0.52 	 0.77 
	 				    	
	 Assessor no. 2	 Assessor no. 2		
	
≥GS2/PD1	 Sensitivity	 Specificity	 PPV	 NPV	 ≥GS1/PD1	 Sensitivity	 Specificity	 PPV	 NPV

Shoulder	 0.50 	 0.97 	 0.50 	 0.97 	 Shoulder	 0.17 	 0.97 	 0.50 	 0.86 
Elbow	 0.38 	 0.87 	 0.38 	 0.87 	 Elbow	 0.23 	 0.88 	 0.63 	 0.56 
Wrist	 0.70 	 0.94 	 0.95 	 0.67 	 Wrist	 0.68 	 0.97 	 0.97 	 0.62 
1MCP	 0.00 	 0.91 	 0.00 	 0.95 	 1MCP	 0.00 	 0.91 	 0.00 	 0.89 
2MCP	 0.68 	 0.89 	 0.65 	 0.90 	 2MCP	 0.53 	 0.94 	 0.85 	 0.76 
3MCP	 0.67 	 0.86 	 0.44 	 0.94 	 3MCP	 0.46 	 0.91 	 0.72 	 0.77 
4MCP	 0.63 	 0.87 	 0.33 	 0.96 	 4MCP	 0.47 	 0.91 	 0.60 	 0.85 
5MCP	 0.60 	 0.92 	 0.33 	 0.97 	 5MCP	 0.40 	 0.93 	 0.44 	 0.92 
1PIP	 0.00 	 0.96 	 0.00 	 0.99 	 1PIP	 0.00 	 0.96 	 0.00 	 0.98 
2PIP	 0.73 	 0.89 	 0.50 	 0.95 	 2PIP	 0.73 	 0.89 	 0.50 	 0.95 
3PIP	 0.50 	 0.84 	 0.25 	 0.94 	 3PIP	 0.44 	 0.84 	 0.25 	 0.92 
4PIP	 1.00 	 0.88 	 0.44 	 1.00 	 4PIP	 0.89 	 0.89 	 0.50 	 0.98 
5PIP	 1.00 	 0.98 	 0.50 	 1.00 	 5PIP	 1.00 	 0.98 	 0.50 	 1.00 
Knee	 0.54 	 0.96 	 0.88 	 0.79 	 Knee	 0.35 	 0.94 	 0.88 	 0.55 
Average	 0.57 	 0.91 	 0.44 	 0.92 	 Average	 0.45 	 0.92 	 0.52 	 0.83 
						    
	 Assessor no. 3	 Assessor no. 3		
	
≥GS2/PD1	 Sensitivity	 Specificity	 PPV	 NPV	 ≥GS1/PD1	 Sensitivity	 Specificity	 PPV	 NPV

Shoulder	 0.67 	 0.84 	 0.55 	 0.90 	 Shoulder	 0.60 	 0.83 	 0.55 	 0.86 
Elbow	 0.56 	 0.83 	 0.60 	 0.81 	 Elbow	 0.48 	 0.86 	 0.73 	 0.67 
Wrist	 0.68 	 0.72 	 0.85 	 0.50 	 Wrist	 0.66 	 0.71 	 0.86 	 0.42 
1MCP	 0.33 	 0.94 	 0.64 	 0.82 	 1MCP	 0.22 	 0.93 	 0.64 	 0.68 
2MCP	 0.62 	 0.73 	 0.51 	 0.81 	 2MCP	 0.45 	 0.72 	 0.73 	 0.43 
3MCP	 0.59 	 0.75 	 0.49 	 0.82 	 3MCP	 0.41 	 0.74 	 0.71 	 0.45 
4MCP	 0.43 	 0.89 	 0.57 	 0.82 	 4MCP	 0.28 	 0.89 	 0.74 	 0.53 
5MCP	 0.57 	 0.92 	 0.60 	 0.91 	 5MCP	 0.30 	 0.91 	 0.70 	 0.67 
1PIP	 0.50 	 0.91 	 0.11 	 0.99 	 1PIP	 0.25 	 0.91 	 0.22 	 0.93 
2PIP	 0.55 	 0.76 	 0.24 	 0.92 	 2PIP	 0.53 	 0.77 	 0.32 	 0.89 
3PIP	 0.88 	 0.72 	 0.42 	 0.96 	 3PIP	 0.86 	 0.76 	 0.53 	 0.95 
4PIP	 0.70 	 0.81 	 0.32 	 0.96 	 4PIP	 0.58 	 0.81 	 0.32 	 0.93 
5PIP	 0.58 	 0.84 	 0.37 	 0.93 	 5PIP	 0.53 	 0.85 	 0.42 	 0.90 
Knee	 0.71 	 0.74 	 0.53 	 0.87 	 Knee	 0.48 	 0.81 	 0.84 	 0.43 
Average	 0.60 	 0.81 	 0.48 	 0.86 	 Average	 0.47 	 0.82 	 0.59 	 0.69 

GS: grey scale; MCP: metacarpophalangeal; NPV: negative predictive value; PD: power Doppler; PIP: proximal interphalangeal; PPV: positive predictive value.
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served in the wrist and knee (64.4% 
and 36.3%, respectively). 

Sensitivity, specificity, and kappa 
coefficients for each joint site 
(Tables II and III; Fig. 2abc)
Regarding sensitivity, assessor no. 3 
showed the highest average sensitiv-
ity among the 3 assessors, and did not 
show extremely low sensitivity for any 
of the joint sites. Depending on the joint 
site, the sensitivity was highly different 
among the assessors, and they showed 
especially varied sensitivity for several 
joint sites (Fig. 2a). Except for assessor 
no. 3, the other 2 assessors’ sensitiv-
ity was 0 in the elbow, 5MCP, 1MCP, 
and 1PIP. Thus, they might not have 
assessed swelling/tenderness in those 
joint sites, or they might have misdiag-
nosed involved joints as normal joints. 
Regarding specificity, for the wrist, 
2MCP, 3MCP, 2PIP, 3PIP, and knee,  
assessor no. 3 showed lower specificity 
than the other 2 assessors (Fig. 2b). This 
indicates that the assessor tended to es-
timate those normal joints as involved 
joints. 
Concordance rate (the kappa coeffi-
cient) between clinically determined 
involved joints and US-determined in-
volved joints was calculated for each 
joint site. (Table III; Fig 2c). Assessor 
no. 2 showed the highest average kappa 
coefficient of the 3 assessors; however, 
for 1MCP and 1PIP, the kappa coeffi-
cient was extremely low. Assessor No. 

1 showed the lowest average kappa co-
efficient, which was particularly low in 
the elbow, 1MCP, and 5MCP. 
US revealed high variability in the kap-
pa coefficient among joint sites; thus, 
clinical joint examinations show ad-
vantages and disadvantages, depending 
on the joint site. Therefore, it was sug-
gested that the condition of involved 
joint distribution and the assessor’s 
clinical examination skills could be re-
lated to the degree of miscount.

Miscount (Fig. 3ab)
Miscount was calculated for all study 
patients (Fig. 3a). The average mis-
count was 1.07 (SD, 5.19; range, 18 to 
-11); clinical joint count was slightly 
higher than US joint count. 
Miscount was also compared among 
the 3 assessors (Fig. 3b): assessor no. 
1, 0.08 (SD, 3.85); assessor no. 2, 1.15 
(SD, 4.77); and assessor no. 3, 1.79 
(SD, 6.13). Depending on the assessor, 
the distribution of miscount showed a 
different tendency (Fig. 3b); however, 
the average miscount was not signifi-
cantly different among the 3 assessors 
(Kruskal-Wallis test, p>0.05). There-
fore, it was suggested that variability in 
each assessor’s joint examination skills, 
and not the difference in skills among 
the assessors, was a reason for miscount.
 
Contributing factors for miscount
To further investigate the reasons for 
miscount, we analysed the patients’ 

background for possible contributing 
factors. As categorical variables, sex 
(Mann-Whitney U-test, p=0.3735; Fig. 
4a) and Steinbrocker stage (Kruskal-
Wallis test, p=0.5679; Fig. 4b) were 
analysed, and they showed no signifi-
cant contributions to false-positive or 
false-negative miscount. Treatment dif-
ference (biologics, MTX, and/or steroid 
use) also did not show apparent contri-
bution to miscount (data not shown). 
For continuous variables, we conducted 
paired correlation coefficient analysis 
between miscount and each possible 
contributing factor (Table IV). Only 
statistically significant factors were 
used in subsequent multiple correlation 
analyses. In the case of false-positive 
miscount, ESR (Fig. 4c) and patient GA 
(Fig. 4d) were determined as significant 
contributing factors. It was suggested 
that when patients showed high ESR 
and/or large patient GA, false-positive 
miscount tended to be estimated larger. 
In the case of false-negative miscount, 
PD score (Fig. 4e) and age (Fig. 4f) 
were determined as significant con-
tributing factors. It was suggested that 
when patients showed high PD score 
and/or were older, false-negative mis-
count tend to be estimated larger. There-
fore, it was suggested that not only the 
condition of involved joint distribution 
and the assessor’s clinical examination 
skills but also patients’ backgrounds 
could be a cause of increased miscount. 

Discussion
Physical examination skills for US-de-
termined involved joints were investi-
gated in 3 rheumatologists with differ-
ent levels of experience in rheumatol-
ogy. Overall, the average concordance 
rate (kappa coefficient) was not much 
different; however, several joint sites 
showed high variability in the kappa 
coefficient among the 3 assessors. In 
particular, in assessors with less ex-
perience in rheumatology, there was a 
high variability in the kappa coefficient 
among joint sites, and an especially 
low kappa coefficient was observed in 
several joints, suggesting weak skills 
for those particular joint sites. It was 
thought that these miscounts must be 
observed usually, and so the condition 
of involved joint distribution and the 

Table III. Kappa coefficients.
	
	 Assessor no. 1	 Assessor no. 2	 Assessor no. 3
	
	 ≥GS2/PD1	 ≥GS1/PD1	 ≥GS2/PD1	 ≥GS1/PD1	 ≥GS2/PD1	 ≥GS1/PD1

Shoulder	 0.36 	 0.22 	 0.31 	 0.15 	 0.32 	 0.30 
Elbow	 -0.04 	 0.02 	 0.31 	 0.22 	 0.38 	 0.35 
Wrist	 0.39 	 0.34 	 0.57 	 0.55 	 0.36 	 0.30 
1MCP	 -0.06 	 0.04 	 -0.07 	 -0.10 	 0.34 	 0.18 
2MCP	 0.33 	 0.27 	 0.56 	 0.51 	 0.32 	 0.13 
3MCP	 0.14 	 0.16 	 0.44 	 0.41 	 0.30 	 0.12 
4MCP	 0.25 	 0.08 	 0.35 	 0.41 	 0.33 	 0.15 
5MCP	 -0.04 	 0.12 	 0.38 	 0.35 	 0.50 	 0.25 
1PIP	 0.66 	 0.49 	 -0.02 	 -0.03 	 0.12 	 0.13 
2PIP	 0.33 	 0.40 	 0.49 	 0.54 	 0.13 	 0.16 
3PIP	 0.26 	 0.26 	 0.22 	 0.19 	 0.35 	 0.42 
4PIP	 0.51 	 0.41 	 0.53 	 0.55 	 0.27 	 0.23 
5PIP	 0.47 	 0.47 	 0.56 	 0.74 	 0.29 	 0.30 
Knee	 0.37 	 0.27 	 0.45 	 0.29 	 0.23 	 0.21 
Average	 0.28 	 0.25 	 0.36 	 0.34 	 0.30 	 0.23 

GS: grey scale; MCP: metacarpophalangeal; PD: power Doppler; PIP: proximal interphalangeal.
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assessor’s clinical examination skills 
could be related to the degree of mis-
count and wrong estimation of disease 
activity. In clinical practice, for correct 
diagnosis and estimation of RA disease 
activity, it is important to confirm the 
assessor’s clinical joint examination 
skills and train assessors by utilising 
US (23). 
In this study, we determined the contrib-
uting factors for miscount among the 3 
assessors. ESR and patient GA were 
significantly related to false-positive 
miscount and were independent con-
tributing factors. On the basis of these 
results, in clinical practice, we suggest 
that blood test results (including ESR) 
and patient complaints might lead to 
wrong estimation of involved joint 
count. Therefore, joint assessors should 
be blinded to patients’ background in-
formation in usual practice. On the oth-
er hand, with respect to false-negative 
miscount, PD score and age were found 
to be independent contributing factors. 
In patients with multiple active synovi-
tis, it was thought that assessors could 
not find involved joints fully due to low 
sensitivity, resulting in the tendency to 
underestimate the involved joint count. 
Regarding age, since it is thought that 
elderly patients with RA are more dif-
ficult to treat due to adverse effects and 
complications, most receive conserva-
tive treatment. Therefore, it is possible 
that these circumstances cause asses-
sors to underestimate the involved joint 
count. These newly determined con-
tributing factors equally indicate that 
clinical joint examination should be 
conducted with the physician blinded 
to patients’ background information in 
order to avoid bias. 
Recent advanced treatment of RA has 
emphasised the need for early diagnosis 
and more correct monitoring of disease 
activity (24, 25). Joint swelling and/
or tenderness is the central surrogate 
marker in classification criteria and dis-
ease activity judgment. Moreover, joint 
swelling has been focused on recently 
because it was found to be a more im-
portant contributing factor to bone ero-
sion than CRP level (7, 8). However, 
difference in clinical joint examination 
skills among the 3 assessors, particular-
ly in several joints, and patients’ back-

Fig. 2. a. Sensitivity of clinical examination for US-determined involved joint (≥GS2/PD1);
b. Specificity of clinical examination for US-determined involved joint (≥GS2/PD1);
c. Kappa coefficient between clinically determined involved joint and US-determined involved joint 
(≥GS2/PD1).

a

b

c
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ground, such as ESR, patient GA, ac-
tive synovitis, and age, were shown to 
increase miscount. As described here, 
multiple factors can affect the judgment 
of involved joint count; thus, it should 
not be used without correction in clini-
cal practice. It is suggested that US 
complementation should be conducted 
regardless of the assessor’s experience 
level, particularly to avoid overlooking 
subclinical synovitis. 
This study has some problems and 
limitation. Our data were derived from 

a single centre, and the results of mis-
count were highly dependent on the 3 
assessors’ examination skills. How-
ever, since the 3 assessors are repre-
sentative of physicians in Japan, who 
have received similar rheumatology 
training, our study results might be ap-
plicable to other centres. Although os-
teoarthritis, bone destruction, and joint 
deformity were considered as possible 
reasons for miscount, those data were 
not determined on radiograph or ultra-
sound for all clinically examined 28 

joints, and, therefore, we could not es-
timate their contributions to miscount 
in this study. The degree of bone de-
struction and joint deformity was es-
timated with only Steinbrocker stage, 
and showed no relationship to miscount 
here; however, this cannot fully deter-
mine whether bone destruction and 
joint deformity have no relationship to 
miscount. Other possible contributing 
factors for miscount, such as local fat 
and edema, were difficult to determine 
and also were not assessed here.
In this study, we found that clinically 
determined joint counts are mostly in-
correct by showing the discrepancy in 
joint counts between clinical and US 
examinations. Moreover, we found that 
patients’ background, including ESR, 
patient GA, PD score, and age, could 
cause increased miscount, along with 
the condition of involved joint distribu-
tion and the assessor’s clinical exami-
nation skills. These results show that 
(1) clinical joint examination is mostly 
incorrect, and examination skills should 
be confirmed and trained with the use of 
US; (2) US complementation is needed 
in usual clinical joint examinations; and 
(3) physicians should be blinded to pa-
tients’ background information when 
clinical joint examination is conducted.
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