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Standardization of Joint Examination Technique Leads
to a Significant Decrease in Variability Among Different
Examiners
MATHIAS GRUNKE, CHRISTIAN E. ANTONI, ARTHUR KAVANAUGH, VERENA HILDEBRAND,
CLAUDIA DECHANT, GEORG SCHETT, BERNHARD MANGER, and MONIKA RONNEBERGER

ABSTRACT. Objective. To reduce the amount of variability among assessors, we conducted joint examination
standardization seminars in conjunction with multicenter clinical trials for patients with rheumatoid
arthritis (RA). The examination techniques used were based on the recommendations of the
European League Against Rheumatism (EULAR).
Methods. To evaluate the effect of standardization, participants at the seminars examined a given
patient with RA before and after they were made familiar with the EULAR examination technique.
The number of tender and swollen joints as well as the variance among the examiners before and
after the training were compared. Joints were rated positive or negative for tenderness and swelling
without grading.
Results. Overall, 553 individuals from a variety of countries in Europe, North America, Asia, and
Australia participated. Examiners included different kinds of health professionals, mainly physicians
and nurses. We found a substantial variance among examiners before the training in the standardized
method. This variance could be significantly reduced by the training. We also found that the number
of joints considered active was markedly reduced after the training.
Conclusion. Standardized joint examination training significantly reduces variability among differ-
ent assessors. (J Rheumatol First Release Feb 15 2010; doi:10.3899/jrheum.090195)
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In rheumatoid arthritis (RA), the number of affected joints is
the most specific measure to determine actual disease activ-
ity. The clinically important aspects of joint inflammation,
namely joint tenderness and swelling, are not always con-
gruent and therefore have to be counted separately. The
number of affected joints is crucial for both diagnostic and
prognostic reasons. Joint counts are also critical components
of composite disease activity measures such as the Disease
Activity Score (DAS)1. Joint counts are the key determi-
nants of response to therapy, for example in the European
League Against Rheumatism (EULAR) response criteria2 or

the American College of Rheumatology (ACR) remission
criteria3. The counts of tender and swollen joints are key
elements of the core set of assessments defined by the ACR
that are recommended for all clinical trials in RA4 as well as
for daily practice5.

Different methods exist to count the number of involved
joints. They vary in the number of joints assessed, the
weighting of certain joints or joint areas, and the grading of
tenderness and swelling according to their extent or just as
negative or positive6,7. Prevoo, et al compared 7 of the most
widely used methods and did not find substantial differences
concerning reliability and validity among them8. The ACR
66/68-joint count, the 28-joint count, and the Ritchie
Articular Index have the broadest acceptance at present.
Smolen, et al demonstrated that the 28-joint count, which
rates only joints of the upper extremities and the knees, is as
sensitive and reliable as the more time-consuming
66/68-joint count, which includes the joints of the lower
extremities except for the distal interphalangeal (DIP) joints
of the feet9,10.

Whatever joint count is used, there is a high degree of
variability among the examinations done by a single indi-
vidual and especially among different assessors11,12. With
the emergence of newer, more effective therapies for RA,
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and the increasing number of multicenter trials, standardiza-
tion of joint examination techniques has become a matter of
increasing interest13,14. Differences in the evaluation of
affected joints may lead to errors in assessments of disease
activity in given patients and can severely confound results
of multicenter trials.

The most recent published data on a standardization pro-
gram are from Scott, et al15. In a cohort of 8 joint assessors,
who performed joint counts in the same patient before and
after a standardized training, they found an increased sensi-
tivity for detecting affected joints, but still a high degree of
variability.

In order to reduce the amount of variability among asses-
sors, we conducted joint assessment standardization semi-
nars in conjunction with multicenter clinical trials for
patients with RA. The examination technique used was
based on the recommendations of the EULAR Handbook of
Clinical Assessments in Rheumatoid Arthritis16.

MATERIALS AND METHODS
Joint assessment training was performed by 1 trainer with 15–25 healthcare
professionals from different clinical sites and countries. Participants were
mostly physicians who specialized in rheumatology, along with study nurs-
es and a few medical technicians and physiotherapists. All data in our eval-
uation were collected by 1 of 3 trainers from the same institution and using
an identical training design. Trainees were divided into groups of a maxi-
mum of 6. To ensure independence of assessments for each participant,
trainees originating from the same trial investigation site were assigned to
different groups. To evaluate the effect of standardization, each of the
groups examined 1 patient with RA before and after they were made famil-
iar with the EULAR examination technique16. Volunteer patients with RA
with varying levels of active disease (i.e., nearly all patients had at least a
moderate disease activity, with DAS28 scores ≥ 3.2) were selected for the
sessions. Joints were rated positive or negative for tenderness and swelling
without grading (i.e., 0–3). Before the standardization training, participants
were invited to perform the examination according to the technique they
had customarily used in their practices. Results were collected and
tabulated.

Subsequently, one of the authors delivered a lecture about the back-
ground of joint counts in RA and their importance as the main outcome
measures in clinical trials. In addition, a standardized examination tech-
nique based on that recommended by EULAR16 was demonstrated by the
trainer for each joint. Depending on the design of the given clinical trial,
either the 66/68 or the 28-joint count was applied. The 28-joint count con-
sists of the finger joints excluding the DIP joints, the wrists, elbows, shoul-
ders, and knees. The 66/68-joint count additionally counts the DIP of the
fingers, acromioclavicular and sternoclavicular joints, ankles, tarsal joints,
and metatarsophalangeal and proximal interphalangeal joints of the feet.
The hips are evaluated only for tenderness, making 68 joints evaluated for
tenderness and 66 joints for swelling. Each group then practiced joint-count
examining for an additional 1 to 3 different patients with RA under the
direct supervision of the trainer. Particular joints with differing results for
tenderness or swelling within a group were discussed between the groups
and the trainer.

Finally, each examiner returned to the first patient and reevaluated the
joint count using the standardized examination technique, now without
guidance by the trainer. Again, the results were tabulated, and compared
with the investigations before the seminar concerning changes in tender
and swollen joint counts within the groups.

Changes in overall joint counts were calculated over the whole num-
ber of evaluated assessments. Only examinations with a complete data set

of tender and swollen joint counts before and after the training were
evaluated.

Variance was calculated within the groups assessing the same patient.
For comparability of data, groups of fewer than 3 and more than 6 partici-
pants were excluded from statistical evaluation. The values for tenderness
and swelling were not equally distributed (Kolmogorov-Smirnov test),
because disease activity naturally differed significantly among the partici-
pating patients. Therefore, variance was calculated by the nonparametric
Wilcoxon signed-rank test for paired samples.

RESULTS
Between August 2002 and November 2006, 553 individuals
from a variety of countries in Europe, North America, Asia,
and Australia were trained according to the standardized
training method described. Most of the training sessions
were an integral part of investigator meetings for clinical tri-
als of novel RA therapies organized by different sponsors.
Because of incomplete data or inclusion in groups that were
too small, 106 individuals could not be evaluated. Thus, 447
trainees in 118 groups were included, 251 (71 groups) of
them being trained in the 66/68-joint count and the remain-
ing 196 (47 groups) in the 28-joint count.

Among the 251 trainees performing a 66/68-joint count,
a mean number of 18 joints was considered positive for ten-
derness and 10 positive for swelling (standard deviations 15
and 5, respectively). After the standardized training, these
numbers decreased to 15 for tenderness and 7 for swelling
(SD 15 and 5, respectively; Table 1). This decrease was
highly significant (p < 0.001).

As the overall joint counts markedly decreased with the
training, we calculated the percentage of patients who would
have been considered trial-active patients, based on com-
monly employed inclusion criteria of at least 6 tender and 6
swollen joints before and after the training session. Of note,
while 55% would have been rated as having joint counts
high enough to be eligible for a study before the training,
only 33% of these same patients would have been consid-
ered eligible after the training. The variance among asses-
sors examining the same patient (3–6 trainees in 71 groups
with 1 patient each) was 21 joints before and 14 after the
standardization training for tenderness and 28 before and 6
after the training for swelling (Figure 1).

The 196 trainees who were trained in the 28-joint count
rated 11 ± 9 (mean ± SD) joints positive for tenderness
before the training. After the training, the number decreased
to 10 ± 9 joints. Swelling was detected in 8 ± 5 joints before
and 6 ± 4 joints after the training (Table 2). Again, the
decrease among the untrained and trained assessments was
highly significant (p = 0.005 and 0.002, respectively).
“Trial-active patients” decreased from 51% before to 34%
after the training.

The variances among the assessors examining the same
patient (3–6 trainees in 47 groups with 1 patient each) were
7 before and 2 after the training for tenderness and 12 before
and 6 after the training for swelling (Figure 2).

2 The Journal of Rheumatology 2010; 37:4; doi:10.3899/jrheum.090195

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


DISCUSSION
In this large cohort of health professionals performing joint
count assessments, we confirmed the high variability
among different assessors when examining the same
patients with active RA. This confirms what has been
described17. With the standardized training method we
used, the mean number of positively rated joints decreased
significantly. This is in contrast to a recent publication of a
standardized training, which showed an increase in the
numbers of tender and swollen joints15. An explanation for

this discrepancy may be that the training sessions described
in our study were mostly part of investigator meetings for
clinical trials. It is supposed that one reason for high place-
bo effects in clinical trials is the inclusion of patients who
are not as active as required by the protocol. It was there-
fore stressed during the training sessions that joints should
only be rated positive when assessors were sure about ten-
derness or swelling.

We believe that this conservative approach is valuable
not only for the purpose of a clinical trial but for daily prac-
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Table 1. Results for 251 trainees using the 66/68-joint count method, before and after standardized training.

Pretraining Values Posttraining Values

Number of patients (= training groups) 71
Number of trainees 251
Number of tender joints, mean (SD) 18 (15) 15 (15)*
Variance (pain) 21 14
Number of swollen joints, mean (SD) 10 (5) 7 (5)*
Variance (swelling) 28 6
Number (%) of evaluations with > 6 tender and 139 (55) 82 (33)

swollen joints (“trial-active patients”)

* p < 0.005.

Figure 1. The 66/68-joint count: mean values and variance within groups of tender and swollen joints before and
after a standardized training program, assessed by 251 assessors in 71 groups.

Table 2. Results for 196 trainees using the 28-joint count method, before and after standardized training.

Pretraining Values Posttraining Values

Number of patients (= training groups) 47
Number of trainees 196
Number of tender joints, mean (SD) 11 (9) 10 (9)*
Variance (pain) 7 2
Number of swollen joints, mean (SD) 8 (5) 6 (4)*
Variance (swelling) 12 6
Number (%) of evaluations with > 6 tender and 99 (51) 67 (34)

swollen joints (“trial-active patients”)

* p < 0.005.
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tice as well, as overestimation of affected joints may lead to
inappropriate treatment decisions.

The major goal of the training sessions was to decrease
variability among different assessors. This goal was
reached, although there was never 100% agreement. The
most consistent results were achieved with the 28-joint
count, with a variance decreasing from 7 before the training
to 2 for tenderness and from 12 to 6 for swelling. The
results for the 66/68-joint count were comparably positive
for the dimension of joint swelling, with a variance of 6
after the training in contrast to 28 in untrained assessments.
The variance in tender joint counts was still somewhat high
(15) after the training, although not to the extent it was
before standardization. It would be interesting to see
whether this higher variability in the 66/68-joint count is
due just to the higher number of joints counted or to a high-
er disagreement in the joints of the lower extremity. As this
data set reflects just the total numbers, it cannot clarify this
question. Therefore, further investigation should address
this issue.

Even when using the same technique, determination of
whether a joint is tender or swollen is something that is like-
ly to vary slightly among individuals. We therefore decided
to compare just the disagreement or agreement within the
groups of examiners instead of defining the personal experi-
ence of the trainer as the gold standard. One possibility for
an objective evaluation would be the use of high-resolution
ultrasound. This method can verify only the dimension of
swelling. Of note, swelling has been shown to be a source of
greater variability than tenderness.

Our data show that the perceptions of joint tenderness
and swelling are still very different among examiners. Our
report is the first to show that consistency can be substan-
tially improved by standardization training. We therefore
believe that the training of joint examination technique
should be an essential component of the preparation for any

clinical trial involving patients with RA or other inflamma-
tory joint diseases.
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Figure 2. The 28-joint count: mean values and variance within groups of tender and swollen joints before and
after a standardized training program, assessed by 196 assessors in 47 groups.
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