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Patient-reported Joint Count in Juvenile Idiopathic
Arthritis: The Reliability of a Manikin Format
Maryanne E. Dijkstra, Janneke Anink, Philomine A. van Pelt, Johanna M. Hazes, 
and Lisette W.A. van Suijlekom-Smit

ABSTRACT. Objective. To evaluate the reliability of a manikin format, patient-reported joint count in juvenile
idiopathic arthritis (JIA), and to detect changes in agreement at a second visit.
Methods. Patients with JIA aged 12–21 were asked to mark joints with active arthritis on a manikin
before their regular clinic visit. The physician then performed a joint count without having seen the
patient’s assessment. Agreement between scores of physician-reported and patient-reported joint
counts was assessed using ICC. Kappa statistics were used to assess reliability of scoring individual
joints.
Results. The study included 75 patients with JIA. In general, patients had a low number of active
joints (median 1 joint, indicated by the physician). ICC was moderate (0.61) and k ranged from
0.3–0.7. At the second visit, k were similar; the ICC was 0.19. When a patient scored 0 joints, the
physician confirmed this 93%–100% of the time. When the patient marked ≥ 1 joints, the physician
confirmed arthritis 59%–76% of the time. Sensitivity to change was moderate.
Conclusion. Agreement between physician and patient on the number of joints with active arthritis
was reasonable. Untrained patients tended to overestimate the presence of arthritis when they
marked active joints on a manikin-format joint count. When the patient indicated absence of
arthritis, the physician usually confirmed this. As the agreement did not improve at followup, future
research should focus on the possibility of achieving this through training. For now, the
patient-reported joint count cannot replace the physicians’ joint count in clinical practice; it may be
used in epidemiological studies with caution. (First Release Dec 1 2014; J Rheumatol
2015;42:527–33; doi:10.3899/jrheum.140073)
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Juvenile idiopathic arthritis (JIA) is one of the most
common chronic autoimmune diseases in childhood,
affecting 47–87 per 100,000 children; it requires regular
monitoring1,2. One method of monitoring is gathering infor-
mation from patients themselves through a patient-reported
outcome (PRO) measure. PRO can be a useful tool to
observe disease activity between clinic visits, increase
patient involvement, and aid in epidemiological surveys.
Therefore, they are increasingly being developed and
applied3,4,5.

One of these PRO is the self-reported joint count, the use
of which has extensively been investigated in studies in
patients with rheumatoid arthritis (RA). Conclusions on
agreement between patient-reported and physician-reported
joint counts are mixed. Results vary between good and poor
to moderate agreement. A manikin format, in which patients
indicate which joints are inflamed on a figure, generally
yields higher scores than a text format6.

Only 2 studies have been performed investigating
self-reported joint counts in JIA, 1 using a text format and 1
using a manikin format7,8. With the text-format joint count
agreement between physicians and patients/parents on
individual joints being moderate, the investigators,
therefore, concluded that this joint count could not replace
the physician’s assessment8. The manikin format was used
in a study investigating whether patients could discriminate
active from inactive disease; patients seldom missed
arthritis, but frequently overestimated disease activity. The
overall agreement and the agreement on individual joints
were not described. Both of these studies were
cross-sectional in design, only describing the first time
patients were confronted with a joint count.
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The aims of our current study were to evaluate the
agreement between physician-reported joint counts and
self-reported active joint counts by patients with JIA using a
manikin, and to determine whether the agreement between
the physician and the patient changed over time.

MATERIALS AND METHODS
Data were collected prospectively at the JIA outpatient clinic at the
Erasmus Medical Centre, a tertiary referral center in Rotterdam, the
Netherlands. All consecutive patients with JIA aged 12–21 fulfilling the
International League of Associations for Rheumatology criteria who visited
the clinic between February 2013 and February 2014 were invited to partici-
pate9. Our study was performed according to the regulations of the local
ethics committee.

At a regular clinic visit, patients were first asked to mark on a figure the
joints they felt to have active arthritis. Active arthritis was defined as
swelling within a joint, or limited range of motion accompanied by joint
pain or tenderness9. The definition of active arthritis was provided on the
figure (Figure 1). No additional information was given. After the patient
had filled out the manikin, the pediatric rheumatologist (PhvP) performed
a formal joint count, without having seen the patient’s assessment. This
practice continued during followup, giving patients an indirect feedback
moment during each following visit and minimum education to see how the
agreement would change naturally over time. The following joints were
taken into account: temporomandibular; cervical spine; shoulder; sterno-

clavicular; elbow; wrist; metacarpophalangeal, proximal interphalangeal,
and distal interphalangeal (analyzed both separately and as a unit, hand);
back; sacroiliac joints; hip; knee; ankle; and metatarsophalangeal and
phalanges of the foot (analyzed both separately and as a unit, foot). The
acromioclavicular and subtalar joints were not evaluated because they were
judged to be too difficult to assess.

Additionally, patients were asked to fill out a Child Health Assessment
Questionnaire (CHAQ)10, including visual analog scales (VAS, ranging
from 0–100) for well-being and pain. Demographic data and data on
disease history were collected from the charts.
Statistical analysis. For both the first and second visits, agreement was
assessed in various ways. For the level of agreement on the number of
active joints, a 2-way random single measure absolute agreement ICC was
used. We used the following interpretation for Cohen k and ICC: < 0.40 =
poor, ≥ 0.40–0.60 = moderate, > 0.60–0.80 = substantial, and > 0.80 = good
reliability11. Kappa statistics were used for calculating agreement on
individual joints. Additionally, the overall agreement and the positive/negative
agreement proportion per joint were computed12. Overall agreement was
the percentage of joints that were scored identically by physician and
patient. The positive agreement was the number of joints that were scored
as being active by both physician and patient, divided by the average
number of joints scored positive. The negative agreement was the number
of joints scored as inactive by both parties, divided by the average number
of joints scored negative. Negative agreement was expected to be high, as
most joints were expected to be scored as inactive.

We calculated that a sample size of 59 subjects with 2 observations per
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Figure 1. Manikin joint-count form as filled out by the patients (translated from Dutch).

 www.jrheum.orgDownloaded on April 16, 2024 from 

http://www.jrheum.org/


subject achieved 80% power to detect an ICC of 0.6 (r1) when the ICC was
assumed to be at least more than 0.35 (r0) using an F test with a signifi-
cance level of 0.0513.

To evaluate whether patients could discriminate between inactive and
active arthritis, taking the physician joint count as reference, the (positive
and negative) predictive values of a patient scoring 0 active joints or > 0
active joints were calculated. In addition, sensitivity and specificity were
calculated, enabling us to compare our results to previous research done on
this subject.

For the assessment of construct validity, Spearman rho correlation
coefficient was calculated to test the correlation between VAS scores and
the number of affected joints indicated on the 2 joint counts. To test the
difference between the various correlation coefficients over time, the
Fisher’s r-to-z transformation was used. Correlation coefficients were inter-
preted as follows: ≤ 0.3 = weak, 0.4–0.6 = moderate, and ≥ 0.7 = strong.

Absolute and proportional changes in total joint count scores between
the first and the second visits were calculated for both the patient-reported
and physician-reported joint counts. Consequently, sensitivity to change
was assessed using 2 kinds of coefficients14. First, Pearson correlation
coefficient was used to assess the correlation between absolute changes in
patient-reported and physician-reported joint counts for the total group of
patients. In addition, the ICC of the change scores was calculated. Second,
patients were divided into 3 groups (improved, stable, and worsened)
according to the change in the physician-reported joint counts. Stand-
ardized response means (SRM) were calculated for the groups that
improved or worsened based on the mean proportional change in the
patient-reported joint counts and its SD.

Descriptive statistics were reported as absolute number, median with
interquartile range (IQR), or mean with range as appropriate. Data were
analyzed using the IBM SPSS statistics for Windows package, version 21.0
(IBM Corp.). 

RESULTS
Patient characteristics. Of the 80 patients who agreed to
participate, only 75 could be used for the analysis of
agreement because in 5 patients, the physician did not
perform a full formal joint count. Characteristics of all 75
consecutive patients are shown in Table 1. None of the
patients refused to participate. For 53 patients, a second
measurement was present. The inferences on the second
visit are discussed below. Patients with a second visit did not
differ from patients without a second visit with regard to
disease activity at the first visit. Patients had a median age
of 16 years (IQR 15–18) and an average disease duration of
3.7 years (IQR 0.9–8.7). Overall disease activity was low;
both physician and patients indicated low disease activity on
a VAS (median < 20). The distribution of JIA categories was
representative for an outpatient clinic patient population
within these age ranges.
Agreement at the first measurement. The median number of
active joints scored by the physician was 1 joint (IQR 0–3).
The patients scored a median of 2 joints (IQR 1–5). The ICC
was moderate with a value of 0.61 (95% CI 0.43–74).
Adolescents (aged 12–17 yrs, n = 44, ICC 0.69, 95% CI
0.48–0.83) appeared to agree with their physicians more
than young adults did (aged 18–21 years, n = 31, ICC 0.45
95% CI –0.14–0.69), although not statistically significant.
Comparable estimates were found for patients with short
disease duration (≤ 1 yr, n = 19) and patients with longer

disease duration (n = 56) with respective ICC of 0.69 (95%
CI 0.35–0.87, n = 19) and 0.45 (95% CI 0.21–0.63, n = 56).
Agreement between patients and physicians on individual
joints is reported in Table 2. k values ranged from 0.3–0.7.
Overall agreement was generally around 90% or higher. The
agreement for the knees was lower: 75% for the right knee
and 79% for the left knee. Differences in agreement between
left and right occurred in other joints too. Positive
agreement was generally poor to reasonable (33–75%,
lowest scores for the shoulders) whereas negative agreement
was excellent (82–99%, lowest scores for the knees). This
last finding was expected because disease activity was low
and therefore most joints would be negatively scored.

In Table 3, scores are compared between the patients’ and
physicians’ results of the first time they scored the manikin,
depending on the number of active joints scored: 0, 1, 2–4,
5–10, or more than 10 joints. In all 5 groups, patients mostly
overestimated the number of active joints. Underestimation
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Table 1. Patient and disease characteristics at the first visit during which
patients filled out the manikin.

Characteristics n = 75

Age, yrs, median (IQR) 16.0 (14.7–17.8)
Disease duration, yrs, median (IQR) 3.7 (0.9–8.7)
Female, n (%) 54 (72)
JIA category, n (%)

Systemic 5 (7)
Oligoarticular persistent 17 (23)
Oligoarticular extended 7 (9)
Polyarticular RF+ 12 (16)
Polyarticular RF– 18 (24)
Psoriatic arthritis 9 (12)
Enthesitis-related arthritis 6 (8)
Undifferentiated arthritis 1 (1)

Laboratory blood tests, n (%)
ANA+ 27 (36)
HLA-B27+ 13 (17)
RF+ 12 (16)
CCP+ 11 (15)

History of uveitis, n (%) 11 (15)
Disease activity variables, median (IQR)

ESR date visit 9 (3–23)
CHAQ date visit 0.375 (0.000–0.875)
VAS physician 8 (0–28)
VAS well-being patient 12 (0–42)
VAS pain patient 22 (1–56)

Education level, n (%)
Primary school 3 (4)
Initial vocational education 22 (29)
Upper secondary education 22 (29)
Vocational education 10 (13)
University/college 7 (9)
Unknown 11 (15)

IQR: interquartile range; JIA: juvenile idiopathic arthritis; RF: rheumatoid
factor; ANA: antinuclear antibody; CCP: cyclic citrullinated peptide; ESR:
erythrocyte sedimentation rate; CHAQ: Childhood Health Assessment
Questionnaire; VAS: visual analog scale.
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of the total number was less common. When over or under-
estimation occurred, this remained confined to the closest
categories of number of joints.

The presence of arthritis was indicated by 14 of 31
patients where the physician found no arthritis. The knees
were the most marked joints in this group (n = 11). The VAS
pain of these patients was higher than the VAS pain of
patients who agreed with the physician on inactive disease
(median VAS pain 18 vs 0, p = 0.005, Mann-Whitney U test).
Possible explanations for the overestimation were residual
complaints after recent arthritis/structural damage in 5
patients, pain after high physical activity in 4 patients, and
enthesitis/tendinitis in 2 patients. Three patients had arthritis
within 2 months after the first visit, and 1 of those patients did
have arthritis on ultrasound evaluation. In these 3 patients, the
physician may have missed arthritis on examination.

Taking the physician’s joint count as a reference, the
predictive value of a patient scoring 0 active joints was

100%. This means that when a patient scored inactive
disease, the physician generally indicated that there was no
arthritis (negative predictive value). When a patient did
score a number of active joints, only in 76% did the
physician agree there was arthritis present (positive
predictive value). Sensitivity and specificity were 100% and
56%, respectively. Sensitivity, specificity, and negative and
positive predictive values for discriminating inactive from
active disease did not change when only the most affected
joints (shoulders, elbows, wrists, hands, hips, knees, ankles,
and feet) were used.
Construct validity. We performed Spearman correlations to
test the correlations between the several VAS and joint
counts. The physician-reported joint count correlated very
well with the patient-reported joint count and the VAS
physician (both a Spearman rho of 0.80 and 0.79, respec-
tively), but less well with the VAS well-being of the patient
(Spearman rho of 0.61 and 0.65). The patient-reported joint
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Table 2. Agreement on individual joints at the first visit (n = 75). Individual hand and foot joints, temporomandibular joints, cervical spine, sternoclavicular
joints, and the SI joints were omitted because of distorted or negative k values.

Joint k Value Overall Positive Negative Total No. Times Total No. Times 
Agreement, % Agreement, % Agreement, % Joint Scored Positive Joint Scored Positive   

by Physician, n (%) by Patients, n (%)

Shoulder left 0.38 89 43 94 4 (5) 10 (13)
Shoulder right 0.28 89 33 94 5 (7) 7 (9)
Elbow left 0.58 93 62 96 7 (9) 6 (8)
Elbow right 0.64 95 67 97 5 (7) 7 (9)
Wrist left 0.68 89 75 93 15 (20) 17 (23)
Wrist right 0.65 88 73 92 17 (23) 16 (21)
Hand left 0.44 85 48 91 9 (12) 14 (19)
Hand right 0.39 81 44 92 12 (16) 16 (21)
Hip left 0.57 95 60 97 4 (5) 6 (8)
Hip right 0.57 95 60 97 4 (5) 6 (8)
Knee left 0.51 79 65 85 18 (24) 28 (37)
Knee right 0.41 75 56 82 15 (20) 28 (37)
Ankle left 0.47 87 55 92 9 (12) 13 (17)
Ankle right 0.34 88 40 93 5 (7) 10 (13)
Foot left 0.31 95 36 99 5 (7) 6 (8)
Foot right 0.47 95 50 97 4 (5) 4 (5)

SI: sacroiliac.

Table 3. Agreement on number of joints between physician and patient at the first visit. Agreement is indicated
by the shaded areas.

Physician Joint Count
Patient Joint Count 0 joints 1 2–4 5–10 More Than 10 Total Joint 

Count Patient

0 joints 18 0 0 0 0 18
1 7 7 4 0 0 18
2–4 7 5 6 1 1 20
5–10 0 2 2 3 1 8
More than 10 0 0 3 4 4 11
Total joint count physician 32 14 15 8 6 75
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count correlated moderately with the VAS well-being
(Spearman rho of 0.49) and with the VAS pain (Spearman
rho of 0.64).
Longitudinal agreement and sensitivity to change. At the
second visit, the median number of active joints reported
was 0 joints (IQR 0–3) for physicians and 2 joints (IQR 0–6)
for patients. The ICC that was estimated was 0.19 (95% CI
–0.05–0.42). The CI indicated a possible negative value of
the ICC, which was caused by a large variation between and
within subject variability. The interpretation of this ICC can
only be that there is very low agreement15. We suspected
that this was caused by 4 subjects with a very large discor-
dance between physician and manikin joint count. These
patients all scored 30 or more active joints while the
physician scored 0–10 joints. The ICC with these subjects
removed was still low (0.30, 95% CI 0.04–0.53). k values
were similar during followup compared to the first time of
marking active joints on the manikin. Negative predictive
value for the second visit was 93% and positive predictive
value was 59%. Sensitivity was 96% and specificity was
45%.

At the second visit, the physician indicated inactive
disease in 29 patients, 16 of whom did not agree. This was
a slightly higher percentage than at the first visit. The
negative predictive value was slightly lower than at the first
visit because 1 patient indicated inactive disease where the
physician did find arthritis on physical examination. This
patient indicated no complaints. The physician joint count
did indicate improvement from the previous visit; however,
the disease was not fully inactive.

At the second visit, we found the patient-reported joint
count to have a stronger correlation (p < 0.05) with VAS
well-being (0.75) and to have a weaker correlation with
physician joint count (0.36) compared with the first visit
(0.49 and 0.8, respectively). Other correlations did not
change significantly during followup.

The absolute changes in physician-reported and
patient-reported joint counts were moderately correlated
(Pearson rho 0.436, p = 0.001). The ICC for the change
scores was 0.31 (95% CI 0.05–0.53). The SRM for the
proportional change in patient-reported joint counts was
moderate (0.67) in patients who worsened according to
the physician. The SRM for patients who improved
according to their physician was low (0.23). Therefore, the
patient-reported joint count appeared to be most sensitive to
change for patients whose disease became more active over
time.

DISCUSSION
Our study is one of the first to investigate whether a
patient-reported joint count based on a manikin format can
be used as a PRO in JIA. The overall agreement between the
physician and the patient total joint count was found to be
moderate (ICC 0.61) the first time patients filled out the

manikin. Agreement on individual joints was moderate to
good, depending on the joint (k 0.3–0.7). At the second visit,
the k values stayed stable; however, the ICC decreased
during followup. Construct validity was high; however, the
second time patients filled in the joint count, the correlation
to general well-being scores and pain was higher and the
correlation to the physician joint count was lower than at the
first visit.

Patients tended to overestimate the presence of arthritis.
A patient-reported joint count indicating full absence of
arthritis nevertheless proved to be highly reliable. These
results were consistent over time. Sensitivity to change over
time proved moderate, and was highest in patients whose
disease worsened.

Two other studies have investigated patient-reported
joint counts in patients with JIA. The first one tested a
text-format joint count in a very large group of patients and
parents of patients with JIA8. In a conference abstract, it
reported agreement on individual joints ranging from 0.15
for the shoulder to 0.69 for the cervical spine. In general,
these k values are comparable to the ones found in our
present study. The most frequently scored joints often had
the highest k values.

The second study investigating patient-reported joint
counts in JIA used the same manikin format as our present
study7. While the study used the manikin format, it focused
on the question of whether patients could distinguish
between active and inactive disease, and did not evaluate
agreement on individual joints or total joint scores.
Additionally, it did not focus solely on patients, but investi-
gated patient and parent assessments. Sensitivity was
comparable and specificity slightly lower than the speci-
ficity we found. With regard to the ability of patients to
discriminate between inactive and active disease, the
authors reached the same conclusion: patients did not miss
arthritis, but overestimated the presence of it frequently.

To our knowledge, overall agreement has not been inves-
tigated in studies of patients with JIA. It has been done in
studies of adult patients with RA, and the ICC of patients
with RA with their physicians were comparable to the ICC
found in our present study6. It has to be kept in mind,
however, that ICC do not generalize well from one study to
another because they are strongly influenced by the variance
in the population in the study.

Patients with RA and JIA have been shown to over-
estimate their disease activity compared to the physician’s
estimation on other disease activity scales as well16,17. The
reason for this overestimation is not clear, but it has been
suggested that high functional disability and pain might
influence this discordance6,17. Also in our study, patients
who agreed with their physician on the inactivity of the
disease had lower pain scores than did patients who
indicated disease activity where the physician did not. There
was no significant difference in CHAQ scores between the
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2 groups. Patients may have difficulty distinguishing pain
caused by active arthritis from pain as a result of other
causes. Although radiological joint damage is relatively
uncommon in the pediatric population, structural damage
could be a cause of pain, as could muscular strain18,19.
Persistent pain and the subsequent sensitization of the
central nervous system have been proposed to cause a
lowering of the pain threshold and altering pain perception
in patients with JIA20,21. This could be an alternative expla-
nation for reported pain uncorrelated to disease activity
indicated by the physician. It could also partly explain the
high correlation between the patient-reported joint count
and the VAS pain.

Before considering the implementation of a
patient-reported joint count, the reasons for overestimation
should be more thoroughly investigated. The purpose of the
use of a patient-reported joint count in clinical practice also
has to be clearly defined. Armbrust, et al7 used the joint
count as a general assessment of disease activity, which only
makes the distinction between active and inactive disease. In
that respect, we found that the patient-reported joint count
predicts the activity as marked on the physician-reported
joint count better than does the VAS for general well-being.
If the patient-reported joint count would be used for this
purpose, one could consider only using the most affected
joints because the discriminative performance did not change
when only these joints were taken into account. For this
purpose, it is encouraging that even without training, patients
can generally be trusted when they indicate inactive disease.

The other option is to use the joint count not only to
discriminate between active and inactive disease, but to
actually monitor disease activity over time. The possibility
to monitor their disease activity may stimulate patients’
self-management and their adherence to therapy22. For this
purpose, it is reassuring that the sensitivity to change was
highest in the group that worsened. In addition, although the
agreement on overall and individual joints was only
moderate, we have to keep in mind that 2 physicians
examining the same patient agree to the same extent
(moderately) on the presence of active or inactive
disease23,24. Still, ideally we would like to improve the
absolute agreement between physician and patient so that all
changes in disease activity can be monitored accurately.
This could be done by means of a training program. Training
patients with RA to examine their own joints had a positive
effect on the reliability of patient-reported joint counts25.

The way the manikin should be filled out is also a
question to be answered. The addition of a “doubt” option
did not seem to add to the discriminative power of the
manikin, but this may change with training7. Also, one could
question whether the patient would have to mark every joint
as the patients did in the study by Armbrust, et al because
the results with regard to predictive value and sensitivity
and specificity did not differ much from those we found in

our current study. Only marking the active joints seems to be
sufficient, and is less time consuming7.

For the use in epidemiological surveys, the agreement
found seems to be acceptable, although one should realize
that the obtained estimate of disease activity is not flawless.
In this setting, a more general indication of disease activity
was sufficient because the main objective is to describe
disease status on a population level and no individual
decisions were based on these data.

For generalization of the results from our present study,
it has to be taken into account that the JIA population in our
study was 12 years and older and sampled at a tertiary
referral clinic. Further, consecutive (and therefore, mostly
already treated) patients visiting our clinic were included,
resulting in a fairly homogeneous population with regard to
disease activity, which was generally low.

When interpreting the results from our study, it has to be
kept in mind that the examination by the physician is not
flawless either23,24. Although imaging techniques are
increasingly being applied in pediatric rheumatology, for
most modalities, no reference standards are available yet.
So, even though it seems that ultrasound and other tech-
niques could be of help in identifying subclinical arthritis,
the scoring systems used still need more validation before
they can be used extensively to guide clinical practice26. In
future studies, in addition to including a training program,
multiple physicians could assess the patients so that a more
reliable physician joint count could be obtained.

Because they received no training, patients may have made
mistakes while filling out the joint count. Despite the manikin
clearly stating which side was left and which was right, some
patients might have filled in the form the wrong way round,
thereby causing an overall lower positive agreement. In
addition, patients may not have been aware of the existence of
referred pain, and may have indicated the wrong joint to be
active (for instance, in the case of the hip-knee).

The ICC of the second measurement was much lower
than the ICC of the first measurement. We provided an
estimate for the ICC without 4 outliers because the ICC that
was estimated for the whole group was unreliable. For an
unknown reason, at the second measurement, there were
more outlying values, causing the within-subject variability
to be disproportionate to the between-subject variability.
The correlation between the physician-reported joint count
and the patient-reported joint count also changed. The
patient-reported joint count correlated more with the VAS
pain. Apparently these patients were more likely to fill out
the manikin, marking the joints with pain instead of those
with active arthritis.

Agreement between physician- and patient-reported joint
counts was moderate. Especially a joint count of 0 by the
patient was predictive of the joint count of the physician.
This PRO cannot, therefore, fully replace the physician’s
joint count at a regular clinical visit.
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The manikin joint count could be used to aid in epidemio-
logical surveys because it gives a reasonable estimate of the
true number of active joints. Before being implemented in a
clinical setting, more research is needed to determine
whether agreement can be improved by training and
whether the patient-reported joint count is then also better
able to detect changes over time.
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