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ABSTRACT.

Objective. To determine whether the assessments of peripheral joints and enthesitis were reproducible for
both AS and PsA with axial disease, and whether dactylitis assessment is reproducible in patients with PsA.
Methods. A group of 20 rheumatologists from 11 countries with expertise in spondyloarthritis (SpA)
met for a combined physical examination exercise to assess 10 patients with PsA with axial involvement (9 men, 1 woman, mean age 52 yrs, disease duration 17 yrs) and 9 patients with AS (7 men, 2
women, mean age 38 yrs, disease duration 16 yrs). A modified Latin-square design that enabled assessment of patient, assessor, and order effect was used. Measures included were number of tender and
swollen joints, presence of enthesitis using 6 different indices, and dactylitis score. Data were analyzed
using intraclass correlation (ICC) adjusted for order of measurements.
Results. The majority of the variance was contributed by the patients. There was no order effect. The
assessment of tender joints (ICC 0.69) was more reliable than the assessment of swollen joints (ICC
0.54). Moreover, there was better agreement in patients with PsA (ICC 0.78) than in patients with AS
(ICC 0.62). There was excellent agreement on the number of active enthesitis sites (ICC 0.86). All the
enthesitis indices provided substantial to excellent agreement among observers. Agreement for the
dactylitis score was substantial (ICC 0.70).
Conclusion. The assessment of peripheral joints is more reliable in patients with PsA. Enthesitis instruments can be used reliably in patients with AS and patients with PsA with spinal involvement. The
Leeds dactylitis instrument functions well in PsA. (First Release July 15 2007; J Rheumatol
2007;34:1740–5)
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Ankylosing spondylitis (AS) is an inflammatory arthritis
affecting primarily the joints of the spine and the sacroiliac
joints1. Psoriatic arthritis (PsA) is an inflammatory arthritis
associated with psoriasis2. Clinical and genetic differences
between these 2 entities have been documented3. Radiological
differences in spinal disease have also been documented3,4.
While patients with AS have more severe spondylitis, patients
with PsA have more severe peripheral arthritis. Peripheral
joint assessment in PsA has been shown to be reliable both in
a single clinic study5 and in the SPondyloArthritis Research
Consortium Canada (SPARCC) study6. However, systematic
evaluation of dactylitis and enthesitis has not been performed.
Moreover, the reliability of peripheral joint assessment in AS
has not been described.
At OMERACT 7 (Outcome Measures in Rheumatology;
Asilomar, California, May 2004) the PsA workshop identified
domains to be included in clinical trials and observational
cohort studies in PsA7. In addition to the assessment of
peripheral joint disease, participants recognized the importance of enthesitis and dactylitis in PsA. However, the instruments to assess these domains were not identified. Indeed, the
randomized controlled trials in PsA to date have included
peripheral arthritis8-13, but the assessment of dactylitis and
enthesitis was included in only 3 of these trials11-13, and used
methods that had not been validated. A PsA module at
OMERACT 8 did not include dactylitis and enthesitis as core
domains that must be included in clinical trials and observational cohorts in PsA, but did recommend that enthesitis and
dactylitis be further investigated14.
The ASsessment in Ankylosing Spondylitis International
Society (ASAS) core outcome measures for AS do include
enthesitis, although the specific measure remains to be determined15. This may be partly due to the fact that although
several methods are used to define enthesitis, none has been
extensively validated. Several different instruments have been
proposed to measure enthesitis in AS. The Mander index16,
which includes 66 sites, is considered cumbersome to use and
does not adequately distinguish enthesitis sites from
fibromyalgia tender points. The Maastricht Ankylosing
Spondylitis Enthesis Score (MASES) was developed from the
Mander index, and the number of sites was reduced to 1317.
However, its reliability was only assessed indirectly, and
responsiveness was proven in a clinical trial18. The SPARCC
group assessed 8 enthesitis sites (all included among the
MASES sites) in its reliability study6, and these sites showed
fair to moderate reliability. An 18-site enthesitis index has
now been developed and validated by SPARCC investigators,
but comparative studies with other indices have yet to be
reported19. The Berlin group used a 12-site enthesitis index to
assess enthesitis in recent studies20. The San Francisco group
also introduced an enthesitis index, which includes several
other sites not present in the other indices. Recently, an enthesitis index specific for PsA was derived from patient data and
termed the Leeds Enthesitis Index (LEI)14. A simple enthesi-

tis measure including only 4 sites was included in the infliximab trials in psoriatic arthritis (IMPACT and IMPACT
211,12). Table 1 gives the sites included in the various
instruments.
Dactylitis is described as a swelling of the whole digit and
is thought to reflect synovitis as well as extraarticular inflammation (i.e., tenosynovitis, enthesitis) in the affected digit21.
In clinical trials only the numbers of digits with dactylitis have
been measured, and only in a limited number of trials.
Recently a new method to assess dactylitis has been reported,
the Leeds Dactylitis Index22,23.
The purpose of this study was to determine the reproducibility of peripheral joint and enthesitis assessment among
patients with AS and with PsA with spinal involvement. In
addition we aimed to determine the reliability of the assessment of dactylitis in patients with PsA.
MATERIALS AND METHODS
Patient selection. Nine patients with AS with varying degrees of
mobility and presence of peripheral joint involvement and enthesitis
were selected from the AS clinic at the Toronto Western Hospital,
Toronto, Canada. These included 7 men and 2 women, with a mean
age of 38 years and mean disease duration 16 years. All met the modified New York criteria for the classification of AS24. Ten patients
with PsA and radiological evidence of spinal disease including at
least grade 2 sacroiliitis, with or without syndesmophytes, were
selected from the PsA clinic in the same institution to reflect variable
extent of joint inflammation and spinal mobility. These included 9
men and 1 woman, with mean age 52 years and mean disease duration 17 years.
Observers. Observers consisted of a group of 20 rheumatologists
from 11 countries with expertise in spondyloarthritis (SpA), including 10 with expertise in AS and 10 with expertise in PsA. These were
members of the Assessment in Ankylosing Spondylitis (ASAS)
International Society, GRAPPA (Group for Research and Assessment
of Psoriasis and Psoriatic Arthritis), SPARCC (SPondyloArthritis
Research Consortium Canada), and SPARTAN (SPondyloArthritis
Research and TreAtment Network).
Clinical assessments. The patients and observers were divided into 2
groups. Within each group all patients were evaluated by the same 10
observers. The following clinical measurements were performed by
each observer on each patient.
Peripheral joint assessment. Sixty-eight joints were assessed for tenderness and 66 joints were assessed for swelling. These included the
temporomandibular joints, sternoclavicular joints, shoulders (glenohumeral and acromioclavicular), wrists, all metacarpophalangeals,
proximal interphalangeals (PIP) and distal interphalangeals of the
hands, hips, knees, ankles (tibiotalar and mid-tarsal), and all metatarsophalangeals and PIP of the toes.
Enthesitis. Enthesitis sites included in the MASES, SPARCC, Berlin,
Leeds, and San Francisco indices were assessed (Table 1). A total of
38 sites were included.
Dactylitis. The presence of dactylitis was recorded in patients with
PsA only. Digits with dactylitis were recorded, and in addition, the
Leeds dactylitis score was recorded for each patient thought to have
dactylitis22. Briefly, on a diagram of fingers and toes the assessor
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Table 1. Enthesitis sites included in the various indices.
Descriptor
C1/C2
C7/T1
T12/L1
1st costochondral
7th costochondral
Lateral epicondyle humerus
Medial epicondyle humerus
Posterior superior iliac spine
Anterior superior iliac spine
Iliac crest
5th lumbar spinous process
Ischial tuberosity
Proximal Achilles
Greater trochanter
Medial condyle femur
Lateral condyle femur
Insertion plantar fascia
Supraspinatus insertion
Quadriceps insertion patella
Inferior pole patella
Tibial tubercle

MASES

Berlin

SPARCC

San Francisco

Leeds

IMPACT

—
—
—
R L
R L
—
—
R L
R L
R L
X
—
R L
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
R L
—
—
R L
R L
R L
R L
R L
—
—
—
—

—
—
—
—
—
R L
R L
—
—
—
—
—
R L
R L
—
—
R L
R L
R L
R L
R L

X
X
X
—
—
—
—
—
R L
—
X
R L
R L
R L
—
—
R L
—
—
—
—

—
—
—
—
—
R L
—
—
—
—
—
—
R L
—
R L
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
R L
—
—
—
R L
—
—
—
—

X: site present.

marked which digit was involved. A special instrument was used to
measure the circumference of the affected digit as well as the contralateral digit at the same level of the digit. The difference in measurements contributed to the score. If both sides were thought to be
affected, the number was compared to data provided in a table. In
addition, each affected digit was scored on a 0–3 scale for tenderness.
Total dactylitis scores were calculated for each patient24.
Study design. A modification of the Latin-square design was used
since one patient with AS did not attend the session, leaving 9
patients with AS and 10 with PsA, while all 20 observers attended.
This method allows determination of the observer, patient, and order
effects at the same time. Before beginning the clinical assessments
the participants discussed the measures to be performed and
reviewed the method for each measure, but there was not a formal
training session.
Statistical analysis. Variance components analyses were conducted
for continuous measurements based on ANOVA models with random
observer, random patient, and both excluding and including fixed
order effects to account for temporal trends in the responses while
assessing the reliability. Estimates of intraclass correlation coefficients (ICC) and associated 95% confidence intervals were
obtained25. Sackett, et al26 suggest that values of kappa in the intervals (0.80, 1.00) represent excellent agreement beyond chance, (0.60,
0.80) substantial agreement, (0.40, 0.60) moderate agreement, (0.20,
0.40) fair agreement, and (0.0, 0.20) poor agreement beyond chance.
For the purpose of interpreting our results we adopted this same classification for the ICC.

RESULTS
Table 2 provides the median scores for the measures included
in the study. The results are presented in Tables 3 to 5. Table
3 gives ICC values for the various measures for patients with
AS and PsA. As shown, the number of tender joints provided

substantial agreement among patients with AS and PsA,
although the agreement was higher for patients with PsA [ICC
0.62 (95% CI 0.39, 0.87) for AS and 0.78 (95% CI 0.61, 0.93)
for PsA]. The agreement for the number of swollen joints was
poor for AS [ICC 0.04 (95% CI –0.04, 0.31)] and was only
moderate for PsA [ICC 0.50 (95% CI 0.27, 0.78)]. From the
variance components it can be seen that the variance by the
assessor is similar in patients with AS and PsA, but the difference is due to the difference in the variance by the patients,
indicating that especially for the swollen joint count very little variation between patients was present in patients with AS.
This influences ICC measures negatively.
There was excellent agreement among the observers with
regard to the number of active enthesitis sites per individual
patient (ICC 0.84–0.88). The individual indices provided substantial to excellent agreement for all patients (ICC
0.67–0.82), except for the IMPACT, which provided only
moderate agreement (ICC 0.43). In AS, the MASES, Berlin,
SPARCC, and San Francisco instruments provided substantial
to excellent agreement (ICC 0.75–0.81), whereas the Leeds
and IMPACT provided a lower degree of agreement. In PsA,
the MASES, IMPACT, and San Francisco provided less agreement (ICC of 0.56, 0.54, and 0.40 respectively), while the
Berlin, Leeds, and SPARCC provided substantial to excellent
agreement (ICC 0.70, 0.81, and 0.81, respectively). It should
be noted, however, that there was considerable overlap in the
confidence intervals.
None of the patients with AS had evidence of dactylitis.
Among the patients with PsA there was substantial agreement
on the presence of dactylitis and the dactylitis score provided
an ICC of 0.70 (95% CI 0.49, 0.89).
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Table 2. Disease characteristics in study patients.
Measure
No. of patients with actively inflamed joints (%)
With tender or swollen joints
With tender and swollen joints
No. of tender joints*
No. of swollen joints*
No. of patients with enthesitis (%)
No. of enthesitis sites*
No. of patients with dactylitis (%)
No. of digits with dactylitis*

AS

PsA

8 (88.9)
4 (44.4)
1.1 (0.0, 9.3)
0.3 (0.0, 1.7)
8 (88.9)
4.0 (1.0, 20.8)
0 (0.0)
—

10 (100.0)
10 (100.0)
0.9 (0.0, 12.3)
2.6 (0.1, 10.8)
7 (70.0)
1.8 (1.0, 10.6)
7 (70.0)
0.3 (0.0, 5.8)

* Median (range).

Table 3. ICC (95% CI) for measurements by disease.
Measurement
No. of tender joints
No. of swollen joints
No. of tender or swollen joints
No. of enthesitis sites
Enthesitis MASES
Enthesitis Berlin
Enthesitis SPARCC
Enthesitis San Francisco
Enthesitis Leeds
Enthesitis IMPACT
Dactylitis score

AS

PsA with Axial Disease

All Patients

0.62 (0.39, 0.86)
0.05 (–0.04, 0.31)
0.65 (0.42, 0.88)
0.84 (0.69, 0.95)
0.80 (0.61, 0.94)
0.80 (0.62, 0.94)
0.74 (0.53, 0.92)
0.75 (0.56, 0.92)
0.60 (0.36, 0.85)
0.41 (0.19, 0.74)
NA

0.78 (0.61, 0.93)
0.50 (0.27, 0.78)
0.63 (0.42, 0.86)
0.88 (0.76, 0.96)
0.56 (0.34, 0.82)
0.70 (0.50, 0.89)
0.81 (0.64, 0.93)
0.40 (0.19, 0.71)
0.81 (0.65, 0.94)
0.54 (0.31, 0.81)
0.70 (0.49, 0.89)

0.69 (0.54, 0.84)
0.54 (0.37, 0.73)
0.63 (0.47, 0.80)
0.86 (0.77, 0.93)
0.82 (0.71, 0.91)
0.77 (0.64, 0.88)
0.76 (0.62, 0.88)
0.72 (0.58, 0.86)
0.67 (0.52, 0.82)
0.43 (0.27, 0.65)
NA

NA: not applicable.

Table 4. Variation in patients with AS.

Measure
No. of tender joints
No. of swollen joints
No. of tender or swollen joints
No. of enthesitis sites
Enthesitis MASES
Enthesitis Berlin
Enthesitis SPARCC
Enthesitis San Francisco
Enthesitis Leeds
Enthesitis IMPACT
Dactylitis score

Patient
63.1
12.8
65.8
84.9
80.2
79.9
74.1
76.3
59.8
43.7
NA

Percentage of Total Variance Due to
Assessor
Order
14.4
17.8
11.6
4.0
4.6
4.7
6.2
5.5
9.0
12.4
NA

1.6
2.2
1.2
0.3
0.4
1.1
1.5
0.5
3.7
3.5
NA

NA: not applicable.

Tables 4 and 5 provide information on the sources of variance in these patient groups.
DISCUSSION
Reliability of peripheral joint assessment in PsA has previously been demonstrated through a study by observers from a
single center5, and in a study with observers from multiple
Canadian centers6. In this INSPIRE study, 20 observers from

19 centers from 11 different countries participated. It is
expected that observers from the same center would exhibit
greater agreement than individuals from different centers.
Indeed, the agreement among the observers from the single
center was 98%, whereas among the various Canadian centers
it was only 78%. In our study we did not spend time on training for peripheral joint assessment. There was much better
agreement for patients with PsA than for those with AS with
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Table 5. Variation in patients with PsA.

Measure
No. of tender joints
No. of swollen joints
No. of tender or swollen joints
No. of enthesitis sites
Enthesitis MASES
Enthesitis Berlin
Enthesitis SPARCC
Enthesitis San Francisco
Enthesitis Leeds
Enthesitis IMPACT
Dactylitis score

Patient
78.5
51.7
63.4
88.6
58.1
70.9
81.1
42.6
81.5
56.1
70.8

regard to tender and overall joint counts, but the assessment of
swollen joints provided very poor agreement for patients with
AS and only moderate agreement in patients with PsA. This
might be largely due to the relatively small number of patients
with a low number of swollen joints per patient, especially in
the AS group. However, discussion following the exercise
revealed that a major issue was the distinction between
swelling due to active inflammation and swelling due to damage. In individuals with joint subluxation, some observers
would count those as swollen, despite the fact that these were
clearly bony swellings rather than the soft tissue swelling usually associated with active joint inflammation. Other situations that led to disagreement were those where there was soft
tissue swelling that was felt by some observers to be chronic
synovial thickening whereas others considered those to reflect
active inflammation. Thus, the fact that there was no training
session for peripheral joint assessment in this exercise likely
contributed to the lower agreement achieved in the study. Such
a session is clearly required in future studies. Unfortunately, a
clinically damaged joint count was not included in this exercise. In the previous SPARCC study, the assessment of damaged joints provided excellent agreement, even better than
the assessment of actively inflamed joints6. Moreover, imaging was not included as part of INSPIRE, thus we cannot
confirm the presence of synovitis in those joints that might
be damaged but still active. We suggest that future studies of
this type include either imaging (magnetic resonance imaging or ultrasound) or an expert opinion/consensus assessment of the actively inflamed joints to serve as a “gold standard.” However, in a recent MRI study that included reliability of clinical assessments by 5 expert observers of 5
patients with PsA, in a design similar to the INSPIRE study,
it was also concluded that there was a higher agreement on
tender joint count27. Interestingly, that study demonstrated
that the MRI correlated better with the tender joint count in
these patients.
This is the first study to assess the comparative reliability
of enthesitis indices among patients with AS and PsA with
spinal involvement. We assessed a total of 38 sites for enthe-

Percentage of Total Variance Due to
Assessor
Order
5.2
24.9
11.5
2.1
9.2
6.0
3.1
13.3
3.3
11.6
5.8

1.6
2.6
3.0
0.1
1.4
1.9
0.6
3.9
0.7
1.4
1.2

sitis. Using the total enthesitis tender sites there was excellent
agreement among the observers both for patients with AS
[0.84 (95% CI 0.69, 0.95)] and with PsA [0.88 (95% CI 0.76,
0.96)]. The individual indices provided substantial agreement.
There was substantial to excellent agreement using all instruments except for the IMPACT for all the patients combined. It
is of interest that the IMPACT index has been proven responsive in the IMPACT studies, showing a significant reduction in
the presence of enthesitis in patients with PsA treated with
infliximab compared to placebo. Thus, it appears that all the
instruments are reliable. However, some do not function as
well in PsA (San Francisco, MASES, and IMPACT). The
SPARCC enthesitis index includes 18 sites, of which only 8
sites were used in the SPARCC study6. If we included only the
8 sites that had previously been tested in the SPARCC study
the agreement was not as good, with ICC of 0.49. Thus, if the
SPARCC enthesitis index is included in future studies, the
complete SPARCC enthesitis index should be included. The
Leeds enthesitis index functioned well in PsA and had the
advantage of including only 6 sites, all easily accessible. In a
recent study the Leeds enthesitis index showed good sensitivity to change, as did the 8 sites assessed in the SPARCC study
and the Berlin index (effect sizes 0.82, 1.22, and 0.8, respectively)21, and the MASES in a clinical study18.
The assessment of dactylitis based on the number of digits
with dactylitis provided an ICC of 0.56 in the SPARCC
study6. Nonetheless, the assessment of dactylitis based on the
number of digits involved and the degree of tenderness was
shown to be responsive in clinical trials with infliximab11,12.
In the INSPIRE study, a dactylitis score was used and provided substantial agreement, with ICC of 0.70. The Leeds
dactylitis score has been shown to be reliable in a British
study, and has also been shown to be sensitive to change22,23.
The INSPIRE study has thus provided evidence for the
reliability of the measures used to assess enthesitis in both AS
and PsA, and dactylitis in PsA. The assessment of peripheral
joints requires further study, particularly with regard to the
assessment of swollen joints. Since most studies require tender and swollen joints as a prerequisite for enrollment, there is
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a need to standardize the methods of joint assessment. The
more reliable the assessments are, the lower the number of
patients required for clinical trials, since the assessment of
true change is subject to less “noise.”
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