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Disease activity in the rheumatic diseases can be defined
as a reversible state, manifested by clinical, laboratory, or
radiographical features. Disease activity occurs principally
as a result of immunologic and inflammatory processes
involving specific organs at a specific point in time. The
multifaceted nature of clinical presentations in adults as well
as in pediatric rheumatic diseases makes the assessment of
disease activity challenging. Nevertheless, this assessment
is fundamental in patient care and based on the use of
valid, reliable, and interpretable instruments. The use of
disease activity instruments enables clinicians, patients, and
researchers to quantify and evaluate disease activity in a
standardized way. The application of these instruments in
a clinical care and research setting presents several chal-
lenges: namely, the administrative burden of the instrument,
including the preparedness and skillfulness of the assessor,
the mode of administration, the time required to complete
the instrument, and the complexity of scoring. All of these
factors need to be taken into consideration when choosing
an instrument applicable in a particular setting.

In the last decade, we have witnessed the emergence of a
plethora of instruments developed tomeasure disease activity
in the rheumatic diseases. This special issue contains five
papers: four related to the assessment of activity in adult
rheumatic diseases and one paper with a focus on pediatric
rheumatic disease.

Wong et al. “Measuring disease activity in psoriatic arthri-
tis” provide a detailed review of the assessment of disease
activity in psoriatic arthritis. Their paper highlights the
currently available tools for the assessment of the various

rheumatologic and dermatologic aspects of the disease and
discusses the composite indices that have been developed, or
are still under development.

Dowsey and Choong “The utility of outcome measures in
total knee replacement surgery” discuss the utility of outcome
measures for total knee replacement surgery, most com-
monly performed to treat osteoarthritis. While the majority
of patients have a substantial improvement in symptoms
following this procedure, a proportion of patients report
ongoing pain and poor function. The authors remind us that
accurate and reproducible measurement of residual pain and
functional impairment in patients undergoing arthroplasty
forms an important basis for optimizing outcomes of this pro-
cedure.The paper by Dowsey et al. challenges our perception
of disease “activity” in the rheumatic diseases and allows us
to consider the overlap with the broader concept of “severity,”
particularly in osteoarthritis, which does not traditionally
follow a relapsing-remitting course.

In an original research article, Ohrndorf et al. “Detailed
joint region analysis of the 7-joint ultrasound score: evaluation
of an arthritis patient cohort over one year” use ultrasound
technique, specifically the 7-joint ultrasound (US7) score, to
evaluate disease activity and the presence of erosions over one
year in a cohort of patients with predominantly rheumatoid
and psoriatic arthritis. They demonstrate a high synovitis
score at baseline in themajority of patients, which diminishes
over one year of treatment, corresponding with a decline in
theDAS28 score.The responsiveness over time of ultrasound-
based assessment of disease activity in inflammatory arthritis,
compared with clinical-laboratory based assessment, and the
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prognostic significance ofmild persistent synovitis detectable
on ultrasound are yet to be conclusively demonstrated and
quantified. However, the study by Ohrndorf et al. highlights
the potential usefulness of imaging modalities in assessment
of activity in the rheumatic diseases.

Quimby et al. “Comparison of the systemic lupus ery-
thematosus activity questionnaire and the systemic lupus
erythematosus disease activity index in a black barbadian
population” evaluate the use of the Systemic Lupus Activity
Questionnaire (SLAQ), vis-à-vis the internationally accepted
and validated Systemic Lupus Erythematosus Disease Activ-
ity Index (SLEDAI), and the physician global assessment
(PGA).They conclude that SLAQ results in over-reporting of
symptoms and is an inadequate diseasemonitoring tool.They
underscore the use of laboratorymeasurements and highlight
the need for a modified version that would be valid, feasible,
and available to countries most burdened by SLE, yet least
equipped to diagnose and manage the disease.

Finally, Luca’s and Feldman’s “Disease activity measures
in paediatric rheumatic diseases” provide a comprehensive
review of assessment of disease activity in the pediatric
population. Their paper explains the theoretical framework
required for the development of disease activity measures
citing the challenges encountered in this particular patient
population. In addition, they summarize the most common
disease activity measures used for Juvenile Idiopathic Arthri-
tis (JIA), Juvenile Systemic Lupus Erythematosus (JSLE),
and Juvenile Dermatomyositis (JDM) reminding us that
more research is needed to determine the most appropriate
measures to be used in clinical practice and the research
environment.

The assessment of disease activity in rheumatic diseases
is very challenging but essential. Significant achievements
have been made in improving the measurement properties
of the instruments. Further research is needed to identify the
measurement tools that are of the highest quality and can be
conveniently used in clinics and in research studies.
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Total knee replacement (TKR) is the mainstay of treatment for people with end-stage knee OA among suitably “fit” candidates.
As a high cost, high volume procedure with a worldwide demand that continues to grow it has become increasingly popular to
measure response to surgery. While the majority who undergo TKR report improvements in pain and function following surgery,
a significant proportion of patients report dissatisfaction with surgery as a result of ongoing pain or poor function. Poor outcomes
of TKR require care that imposes on already overburdened health systems. Accurate and meaningful capture and interpretation
of outcome data are imperative for appropriate patient selection, informing those at risk, and for developing strategies to mitigate
the risk of poor results and dissatisfaction. The ways in which TKR outcomes are captured and analysed, the level of follow-up,
the types of outcome measures used, and the timing of their application vary considerably within the literature. With this in mind,
we reviewed four of the most commonly used joint specific outcome measures in TKR. We report on the utility, strengths, and
limitations of the Oxford knee score (OKS), knee injury and osteoarthritis outcome score (KOOS),Western Ontario andMcMaster
Universities osteoarthritis index (WOMAC), and knee society clinical rating system (KSS).

1. Background

Total knee replacement is a major surgical procedure that
requires multidisciplinary input prior to and after surgery
to ensure the best possible outcome. Recovery from surgery
is optimized with the inclusion of rehabilitation programs
which are tailored to restore mobility and independence [1].
Time to recovery can vary following TKR, and most patients
will report substantial gains between 3 and 6 months after
surgery [2, 3]. Overall, a continuing pattern of improvement
can be observed up to 12 months following surgery [4, 5].
While amajority of patients report improvements in pain and
function following total knee replacement [6, 7], a substantial
number of individuals do not meet the level of improvement
expected at 12 months or more after surgery [8, 9].

A number of individual characteristics are known to
influence pain and function after surgery [10]. Individual
risk factors which impact on patient outcomes after TKR

include age and gender [7, 11, 12], antecedent diagnosis
[13], body mass index [14, 15], ethnicity [16], psychological
distress [13, 17], baseline pain and functional disability [7, 13],
comorbidity profile [10, 18], socioeconomic status [19], and
radiographic osteoarthritis severity [7, 20]. Some of these,
such as obesity and psychological distress, are potentially
modifiable, making accurate and meaningful capture and
interpretation of outcome data imperative for both informing
those at risk and for developing strategies to mitigate the risk
of poor results and dissatisfaction.

Rates of ongoing knee pain and functional impairment
following TKR vary considerably in the literature, ranging
from 14% to 44% of individuals reporting persistent pain
[7, 9, 21, 22] and from 20% to 50% of individual was reporting
functional impairment [7, 22, 23] in the first 12 to 24 months
following surgery. Of note the way in which data is captured
and analysed, the level of follow-up, the types of patient-
reported outcome measures (PROMs) used and the timing
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of their application also vary considerably between these
studies. Numerous instruments for measuring the outcomes
of TKR exist; however, not all of them contain the necessary
attributes of a “good” outcome measure. When selecting
which measure to use, consideration should be given to
whether the measure is appropriate for use specific to the
procedure being assessed. A good outcome measure should
be accessible, have demonstrated reliability and validity, place
minimal burden on responders, and be responsive to change
[24]. High floor and ceiling effects indicate insensitivity for
detecting a change of symptoms and themaximumcut-off for
floor and/or ceiling effects should be no more than 15% [24].
With this inmind,we reviewed the fourmost commonly used
joint specific outcome measures in TKR and report on their
utility, strengths, and limitations.

2. Oxford Knee Score (OKS)

The OKS is a knee joint specific 12-item questionnaire origi-
nally developed and validated in 1998 for use in randomised
controlled trials in total knee replacement (Table 1) [25].
The OKS has 12 items, 5 for assessing pain and 7 for
assessing function. Each item is worth equal weighting
(1 to 5) for a total possible score ranging from 12 to 60.
A lower score indicates a better outcome. The OKS is
freely available at http://phi.uhce.ox.ac.uk/ox scores.php
and widely used in cohort studies and by some joint
replacement registries [9, 26, 27]. A scoring manual, list of
translations, and licensing information can be found via
http://www.isis-innovation.com/outcomes/orthopaedic/oks
.html.

The OKS is designed specifically for measuring outcomes
in knee replacement. The OKS has also been used to evaluate
pharmacological and conservative interventions and other
knee surgery procedures in knee osteoarthritis (OA) [28].
Cross-cultural adaptations in Thai, British, Swedish, Por-
tuguese, Dutch, German, Italian, Japanese Chinese, French,
and Korean languages have been validated [29, 30]. Given the
simplicity and brevity of the questionnaire, higher response
rates have been reported than for other PROM’s [25]; how-
ever, this is not always consistent [31].

Completion and scoring of the OKS is simple; each of
12 questions carries equal weighting (1 to 5) to provide an
overall score between 12 and 60 [25]. An updated scoring
method is also used, whereby each item is scored between 0
(worst outcome) and 4 (best outcome), to provide an overall
score between 0 and 48 [28].TheOKS is patient administered
and should take about 5 minutes to complete, and responses
are based on symptoms in the preceding 4 weeks. Two
missing values are accepted, and where this occurs should
be replaced by the mean score for the missing item [25]. The
outcome categories for the OKS have been reported based on
the following cut points: excellent (>41), good (34–41), fair
(27–33), and poor (<27) [32, 33]. However, these categories
have not been validated and are neither commonly used nor
recommended [28].

The minimum clinically important difference (MCID)
estimates for the OKS as reported by Murray et al. [28]

are between 3 and 5 points. These estimates are based on
half the standard deviation of change in OKS scores which
Murray et al. report to be is between 6 and 10 points for
joint replacement studies. This interpretation is based on a
systematic review of health-related quality of life instruments
by Norman et al. who concluded that, in most circumstances,
the threshold of discrimination for changes in health-related
quality of life for chronic diseases appears to be approximately
half a standard deviation of the change in outcome score [34].
In a recent study, Judge et al. reported that an 11-point or
more absolute change in the OKS at 6 months after TKR
discriminated the best between patients’ satisfaction and a
6-month OKS ≥ 30 points identified the highest level of
satisfaction [35]. A weak floor effect (7%) has been reported
for the OKS prior to TKR [36]; however, ceiling effects
were reported at 6 months, (14%) and 12 months, (22%)
following surgery, but this was attributed to patients attaining
an optimal outcome rather than a limitation of the OKS [37].

3. Knee Injury and Osteoarthritis
Outcome Score (KOOS)

The KOOS is a knee joint specific questionnaire developed
in 1998 originally for the purpose of evaluating short-term
and long-term symptoms and functioning in subjects with
knee injury and osteoarthritis (Table 1). It was originally
validated in patients undergoing anterior cruciate ligament
ACL reconstruction [38]. The KOOS is a 42-item survey
designed to assess people’s opinions about the difficulties they
experience with activity due to problems with their knees. A
higher score indicates a better outcome. The questionnaire,
scoring instructions, and translations are freely available at
http://www.koos.nu/. The KOOS is widely used in younger
and/or more active patients with knee injury and knee
osteoarthritis [39].

The KOOS has been validated for measuring outcomes in
TKR [39], ACL reconstruction [38], and posttraumatic knee
OA [40]. The KOOS has also been used to evaluate other OA
interventions including minor knee surgery procedures [41],
conservative treatments [42, 43], and nutritional [44] and
pharmacological interventions [45], and population-based
reference data has been published [46]. High response rates
have been reported for studies of TKR in the short term: 92%
at 6 months and 86% at 12 months [47]. A short-form version
(KOOS-PS) which is a 7-item questionnaire derived from
the original KOOS has been validated for evaluating physical
function in individuals with knee OA undergoing TKR [48].
The KOOS was originally concurrently developed in English
and Swedish, and numerous cross-culturally validated and
translated versions exist [49]. Translations include Austrian-
German, Chinese, Croatian, Czech, Danish, Dutch, Estonian,
French, German, Hindi (India), Italian, Japanese, Korean,
Latvian, Lithuanian, Norwegian, Persian, Polish, Portuguese,
Russian, Singapore English, Slovakian, Slovenian, Spanish
(Peru), Spanish (US), Thai, Turkish, and Ukrainian.

Completion of the survey is straightforward; each of the
42 items carries equal weighting (0–4). There are 5 subscales,
eachmeasuring a specific outcome: pain (9 items), symptoms
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Table 1: Patient outcome measures in knee osteoarthritis severity.

PROM Scoring Response criteria Validated for use Translation

OKS [25]
Dawson et al. 1998

12 items (pain; 5 items, function;
7 items), each item worth
0–4 points. Range 0–48 points
Categories: excellent (>41), good
(34–41), fair (27–33), and poor
(<27)

MCID 3–5 points change in
score [28]
≥30 points at 6 months after
TKR [35]

TKR

Thai, British, Swedish, Dutch,
Portuguese, German, Italian,
Japanese, Chinese, Korean,
and French

WOMAC [50]
Bellamy et al. 1988

24 items (pain; 5 items, stiffness;
2 items, and physical function; 17
items)
Range from 0 to 96 points.

MCID 15 points [63]
Responder criteria [52]:
Improvement in pain or
function ≥ 50% and absolute
change ≥ 20
Or 2 of the 3 improvements as
follows:
(i) pain ≥ 20% and absolute
change ≥ 10,
(ii) function ≥ 20% and
absolute change ≥ 10,
(iii) global assessment ≥ 20%
and absolute change ≥ 10.

TKR
OA
Post traumatic OA

>80 languages
Arabic, Chinese, Dutch,
Finnish, German, Hebrew,
Italian, Japanese, Korean,
Moroccan, Persian, Singapore,
Spanish, Swedish, Thai, and
Turkish

KSS [64]
Insall et al. 1989
2011-KS [68]
Scuderi et al. 2012

KSS-2 components: a knee rating
(0–100 points) and function
(0–100 points)
Categories: excellent (≥80), good
(70–79), fair (60–69), and poor
(<60)
2011 KSS-5 subscales: knee score
(0–50), pain score (0–25),
satisfaction (0–40), expectation
(0–15), and function (0–100)

MCID 34.5 points
improvement in functional
subscale [81]

2011 KS
TKR
UCKR

KSS-Portuguese, Spanish
2011-KSS-Italian, Japanese,
Mandarin Chinese, Dutch,
Portuguese, and Spanish

KOOS [38]
ROOS et al. 1998

42 items, 5 subscales: pain (9
items), symptoms (5 items),
activities of daily living (17
items), sports and recreation (5
items), and quality of life (4
items). Each item worth 0–4
points. Scores for each subscale
are calculated separately and
then transformed into a score
between 0 and 100.

MCID 8–10 point change in
score

TKR
ACL
Reconstruction
Posttraumatic OA

Austrian-German, Chinese,
Croatian, Czech, Ukrainian,
Estonian, French, German,
Hindi (India), Italian, Thai,
Japanese, Korean, Latvian,
Lithuanian, Norwegian,
Persian, Polish, Portuguese,
Russian, Dutch, Singapore,
English, Slovakian, Spanish,
Slovenian, Turkish, and
Danish

(5 items), activities of daily living (17 items), sports and
recreation function (5 items), and knee-related quality of
life (4 items). Scores for each subscale should be calculated
separately and then transformed into a score between 0 and
100 [38]. Scoring instructions and calculators are available
at http://www.koos.nu/. The KOOS is patient administered
and should take approximately 10–15 minutes to complete,
and responses are based on symptoms in the preceding week.
The process for managing missing values has been recently
(2012) revised (see website), and the mean score for each
subscale can be derived from a minimum response of pain
(5 of 9 items), symptoms (4 of 5 items), activities of daily
living (9 of 17 items), sports and recreation function (3
of 5 items), and knee-related quality of life (2 of 4 items)
(http://www.koos.nu/). There are no categorical equivalents,

scoring of each outcome should be reported separately, and
using an aggregate score is neither recommended nor valid.

The MCID estimates for the KOOS have not been estab-
lished for patients undergoing TKR. However, the minimal
important change (MIC) is currently suggested to be 8–10
according to the website details, while cautioning that there
are a number of patients and related factors that may impact
on the MIC. Floor and ceiling effects have been reported
for studies of TKR in some domains of the KOOS [39].
Preoperatively, the percentage of patients undergoing TKR
with the worst possible score have reached 48% for the sports
and recreation domain of the KOOS. Ceiling effects at 6
months have also been reported (15% for pain scores and 16%
for sports and recreation) and at 12 months (22% for pain
scores and 17% for quality of life scores).
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4. Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)

The WOMAC was initially developed in 1982 and was first
validated for the purpose of evaluating response to treatment
in patients with hip and knee OA in 1998 (Table 1) [50].
The WOMAC underwent multiple subsequent revisions and
refinements between 1996 and 1999 [51]. The WOMAC is a
24-item questionnaire with 3 subscales measuring pain (5
items), stiffness (2 items), and physical function (17 items).
A lower score indicates a better outcome. The questionnaire,
licensing information, scoring instructions, and translations
are available at http://www.womac.org/.

Numerous validation studies have been conducted using
the WOMAC [51]. The WOMAC has been validated for
measuring outcomes in clinical trials of TKR [52] and for
measuring treatment response of pharmacological interven-
tions for knee OA [53]. It has also been used to evaluate many
knee OA interventions, both surgical and conservative [54].
Response rates reaching 90% at 1 year for epidemiological
studies in TKRhave been reported [55, 56]. A short-form ver-
sion (WOMAC-SF) which is a 7-item questionnaire derived
from the physical function subscale of the WOMAC has
been validated for assessing function in knee OA and TKR
[57, 58].TheWOMAC is available in more than 80 languages
and has been cross-culturally validated in Arabic, Chinese,
Dutch, Finnish, German, Hebrew, Italian, Japanese, Korean,
Moroccan, Persian, Singapore, Spanish, Swedish, Thai, and
Turkish [24, 59].

Completion of the survey is straightforward; each of
the 24 items has 5 possible responses for a possible score
of 0 to 4 for each response. There are 3 subscales, each
measuring a specific outcome: pain (5 items), stiffness (2
items), and physical function (17 items). Alternative versions
are available using a visual analogue scale or numeric rating
[60]. A total WOMAC score is calculated by summing the
items for all 3 subscales, for a total score between 0 and
96 [61]. The WOMAC is patient administered and should
take approximately 10minutes to complete, and responses are
based on symptoms in the preceding 48 hours. The method
of managing missing values for the WOMAC is a variant of a
standardmean imputationmethod. Scores of the nonmissing
items for each case should be added, and the mean value is
used for the missing values. However, if the patient has not
replied to more than one of the 5 pain or 2 stiffness items or
more than 4 of the 17 physical function items, then response
for that scale is considered invalid and should not be included
in the analyses [62].

The MCID estimates for the WOMAC as reported by
Escobar et al. are 15 points [63]. In addition, Escobar et al.
have validated the Outcome Measures in Rheumatology and
Osteoarthritis Research Society International (OMERACT-
OARSI) set of responder criteria in total joint replacement
[52]. Patients are deemed responders or nonresponders based
on a combination of absolute and relative changes of pain,
function, and global patient’s assessment. The criteria are
as follows: (i) an improvement in pain or function ≥ 50%
and an absolute change ≥ 20, then the patient is considered
a responder, and (ii) if the level of improvement does not

reach these criteria but improvement in at least two of the
three following criteria, the patient will also be considered
a responder, (a) pain ≥ 20% and absolute change ≥ 10, and
(b) function ≥ 20% and absolute change ≥ 10, (c) global
assessment ≥ 20% and absolute change ≥ 10.

Minimal floor effects for the WOMAC have been
reported with the exception of the quality of life subscale
which was reported at 14% by Roos and Toksvig-Larsen [39].
Ceiling effects have been reported for TKR at both 6 months;
27% for the pain subscale and 15% for the stiffness subscale
and at 12 months; 17% for the quality of life subscale, 30% for
the pain subscale, and 27% for the stiffness subscale [39, 63].

5. Knee Society Clinical Rating System (KSS)

TheKSS is a knee joint specific questionnaire originally devel-
oped and validated in 1989 for use in assessing the outcome
of total knee replacement (Table 1) [64]. The KSS has 2 com-
ponents: a knee rating (0–100 points) and function (0–100
points) worth a total of 200 points.The knee rating is divided
into pain (0–50 points) and a knee score which assesses
range of motion, stability, and alignment (0–50 points). A
higher score indicates a better outcome. The KSS is freely
available at http://www.kneesociety.org/web/index.html and
widely used in outcome studies for partial and total knee
replacement. As a “clinician completed” scoring system
aspects of its validity have been questioned by some authors
[65–67]. In response to these criticisms, a revised knee
society scoring system (2011-KS Score) has recently been
developed [68] and validated [69] for measuring outcomes
in TKR. A scoring manual, list of translations, and licensing
information for both the KSS and 2011-KS can be found via
http://www.kneesociety.org/web/index.html.

Despite validity issues, the KSS remains one of the most
popular questionnaires amongst clinician researchers for
measuring outcomes in knee replacement [68]. The KSS
includes range of motion and alignment measurements, and
this may in part contribute to its popularity. The impor-
tance of coronal alignment in TKR in terms of implant
survival and functional outcomes has been well established
in the literature [70, 71], and knee range of motion is an
important marker for many activities of daily living [72].
The KSS has also been used to evaluate outcomes in other
orthopaedic procedures such as high tibial osteotomy [73]
and patellofemoral arthroplasty [74]. Linguistically translated
versions of the KSS include Spanish [75] and Portuguese [76]
and for the 2011-KS, Italian, Japanese, Mandarin Chinese,
Portuguese, and Spanish. A Dutch version of the 2011-KS
has also recently been validated [77]. Despite a “clinician”
scoring system, the pain and function subscales of the KSS
have been offered to patients to complete with high response
rates reported at 12 months or more [7, 78].

Completion and scoring of the KSS are simple; the
function subscale (0–100) is based on walking distance
(0–50) and ability to climb stairs (0–50) with deductions
for use of a gait aid (0–20). The pain subscale is (0–50)
and the knee rating (0–50) is based on range of motion
(0–25) and knee stability (0–25) with deductions made
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dependent on the existence and severity of flexion
contracture (0–15), extension lag (0–15), and malalignment
(0–20) [64]. A negative score is possible and should be
converted to zero. A web-based calculator is available at
http://www.orthoscores.com/scorepages/knee society score
.html. Categories for the KSS have been established but
not validated [79]. Cut points for each of the 2 subscales
are excellent (≥80), good (70–79), fair (60–69), and poor
(<60). The KSS is clinician administered and should take
less than 10 minutes to complete. The pain and function
subscales should take about 5 minutes to complete whether
by clinician or patient, and responses are based on symptoms
in the preceding 4 weeks. No instruction on managing
missing items could be found.

The 2011-KS scoring manual and instructions can be
requested via the knee society website above. The 2011-
KS expands on the KSS and includes subscales for patient
satisfaction (5 items, 0–40 points), expectation (3 items, 0–
15 points), and functional activities (19 items, 0–100 points),
which is divided into functional activities (5 items, 0–30
points), standard activities (6 items, 0–30 points), advanced
activities (5 items, 0–25 points), and discretionary knee
activities (3 items 0–15 points) [68]. Satisfaction expectation
and function should be reported as separate scores as a
composite score is not recommended.The suggested method
for managing missing values is to enter dummy values equal
to the average of all of the other items in the same domain.
This should be limited to instances where fewer than 50% of
responses are missing [80].

The MCID estimates for the KSS and 2011-KS have not
been identified for patients undergoing TKR. However, in a
study by Jacobs and Christensen, a minimum change of 34.5
points at 3 months in the function subscale of the KSS was
established as clinically important [81]. Ceiling effects have
been reported for studies of TKR in both the knee (25%) and
function (43%) subscales of the original KSS at 12 months
[82]. Floor effects did not occur preoperatively and ceiling
effects did not occur at 6 months after TKR in a Dutch study
validating the KS-2011 [77].

6. Summary

Total knee replacement remains the mainstay of treatment
for people with end-stage knee OA (among suitably “fit”
candidates). As a high cost, high volume procedure with a
worldwide demand that continues to grow, it is becoming
increasingly important to understand the drivers behind
response to surgery [24]. Poor outcomes of TKR require care
that is an imposition on an already overburdened health sys-
tem. Not only will there be a demand for ongoing outpatient
specialist and community health consultations, persistent use
of prescription medication, prolonged requirement for allied
health services (physiotherapy and occupational therapy),
and the possible need for repeated minor (arthroscopic) and
major (revision joint replacement) surgery, these activities
potentially deprive or delay other patients with untreated OA
from receiving expeditious care.

Numerous instruments for measuring outcomes in TKR
have been developed and validated over time [24] in an
attempt to capture response to surgery and predict those who
may be at risk of suboptimal results. We have presented a
summary of the utility, strengths, and limitations of four of
the most commonly used outcome measures for total knee
replacement. Generic strengths among the four outcome
measures included the relatively minimal burden required
to complete each instrument and their design specific to
measuring TKR outcomes, whereas ceiling and/or floor
effects were a limitation to varying degrees for each of the
four outcome measures, with the exception of the 2011-KS
which requires further validation studies. No single outcome
measure would be suitable for every foreseeable clinical
situation or research activity.The individual strengths of each
outcome measure may be useful in guiding the decision as to
which measure is best suited for use, in any given situation.
We noted a number of individual strengths amongst the
outcome measures presented in this review.

The OKS is freely available and noted for its simplicity
and brevity and appears to be the measure of choice for
large data sets and joint registry’s [9, 26, 27]. The KOOS
is also freely available and aside from TKR is valuable for
measuring outcomes in younger and/or more active patients
with knee injury and knee osteoarthritis. The KOOS is
also used to measure outcomes following a range of both
surgical and conservative interventions of the knee, both
surgical and conservative, making it attractive for treatment
comparisons [38–45]. WOMAC scores can also be derived
from the KOOS. An important aspect of the utility of any
outcome measure is the availability of responder definitions
and cutoff points and that these are appropriately validated.
TheWOMAC is currently the only outcomemeasure that has
validated responder definitions and cutoff points specifically
for TKR [52]. Having a set of established and validated
response criteria makes the WOMAC an excellent option
for use in clinical trials that aim to measure response to
TKR and other nonsurgical interventions [52, 53]. It also has
the most extensive range of translations available. Despite
validity issues, the KSS remains one of the most popular
rating systems for measuring outcomes in TKR [68]. It is
one of the few outcome measures that include assessment
of clinical measures that are deemed important in terms
of implant survival and functional outcomes [70, 71]. The
2011-KS also includes measures of patient expectation and
satisfaction which are emerging as important adjuncts in
measuring response to surgery [83].

While the utility of any one particular outcome measure
over another continues to be debated and the number
of available instruments continues to increase, we believe
that there are 2 key factors that are essential in producing
quality outcome data irrespective of the instrument used.
Firstly, recording of baseline scores is essential for producing
meaningful outcome data. It is well established that better
baseline scores correlate with better outcome scores and
those with the worst baseline scores demonstrate the greatest
amount of improvement [13]. Therefore, at a minimum, data
analyses should always be adjusted for baseline when either
presenting outcome scores ormeasuring the change in scores.
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Finally, individuals who do not respond to surveys report
significantly poorer outcomes than those who do [78]. As
such establishing a process for data collection that ensures the
highest possible response rate such as those used by Bourne
et al. will minimise nonresponder bias [83].
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In Barbados, use of the Systemic Lupus Erythematosus (SLE) Disease Activity Index (SLEDAI) is limited by the unavailability of
serologic markers. The SLE Activity Questionnaire (SLAQ) excludes laboratory measurements and is therefore more accessible.
Here, we investigate the agreement between the SLAQ, the SLEDAI, and the physician global assessment (PGA). A pilot of 32
participants completed the SLAQ and SLEDAI. The tools were compared (1) in their original format, (2) limited to common
indices, and (3) limited to the same patient recall period. We compared the proportions of persons reporting disease activity and
the concordance between calculated activity scores for SLAQ versus SLEDAI and for SLAQ versus PGA. Seventy-eight percent
versus 59% of participants reported disease activity with the original SLEDAI versus SLAQ, respectively. The relationship was
reversed to 22% versus 59% when the matched item tools were compared. Concordance was 0.62 (95% CI 0.42–0.81) between
the original scores, 0.70 (0.57–0.83) when restricted by matched items, and 0.72 (0.59–0.84) when further restricted by recall
period. Concordance between the SLAQ and PGA was 0.56 (0.32–0.80). Reversal of the disease activity percentage in the matched
items comparison highlights the inadequacy of tools that exclude laboratory measurements and suggests that the subjective nature
of SLAQ may contribute to over-reporting. Further work is needed to produce a robust disease activity tool apt for resource-
constrained environments.

1. Introduction

Systemic Lupus Erythematosus (SLE) is a multisystem
autoimmune disease characterized by periods of clinical
quiescence punctuated by acute disease flares. A five-year
population-based study highlighted the striking disease
excess among women of African descent, with crude inci-
dence rates (per 100,000) of 0.4 forWhitemales, 3.5 forWhite
females, 0.7 for African-Americanmales, and 9.2 for African-
American females [1]. Mortality rates follow a similar pattern,
with several studies indicating higher rates of lupus deaths
among Black women compared to their Caucasian counter-
parts [2–5]. Some of the regions with the highest disease
burden and mortality rates are also the least equipped to

diagnose and manage the disease [6]. Barbados, a Caribbean
nation with a population of 288,000 persons [7], 93% of
African origin, has one of the highest documented incidence
rates of SLE among women (12.21 per 100,000 person-years;
95% CI 10.46–14.18) [5]. Similar to the experience of African-
Americans, SLE in Barbadian patients has been reported to
run a clinically aggressive course, with a 5-year survival rate of
79.9% (95%CI 69.6–87.1). In this Barbados cohort, 47 percent
of patients developed lupus nephritis, which reduced survival
in this subpopulation to 68% (95% CI 51–80) [5]. Despite the
documented clinical impact of lupus in Barbados, routine
monitoring using internationally accepted disease activity
indices such as the Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) is not feasible for most patients,
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as two principal markers of disease activity, the complement
levels and anti-dsDNA titres, are not routinely available.

Recommendations for SLE management developed by
the European League Against Rheumatism (EULAR) and
the American College of Rheumatology (ACR) focus on
international best practice. However, the financial resources
and available infrastructure in many countries do not allow
for these guidelines to be achieved in practice [8, 9]. A
report of an international symposium at the 9th International
Congress on SLE in 2010 highlighted the disparities in the
management of SLE worldwide and sought to establish a
consensus on the minimum best practice guidelines which
may be employed in resource-poor clinical settings [10].
The Systemic Lupus Activity Questionnaire (SLAQ) was
considered a suitable screening tool which could guide the
more in-depth assessment by the clinician.

The SLAQ is a self-administered questionnaire which has
been developed to monitor disease activity in populations
with financial constraints and has been compared to the
Systemic Lupus Activity Measure (SLAM) with promising
results [11]. This contrasts with its reported poor correlation
with the SLEDAI and with the Physician Global Assessment
(PGA) which is considered the best evaluation of disease
activity [12]. Differing statistical methods used in previous
questionnaire comparisons and the structural differences
between questionnaires (SLAQand SLEDAI, for example, use
different patient recall times) hamper the ability to compare
studies. In view of the possible application of the SLAQ, but
its varying agreement with the other instruments, our aim
was to assess the ability of the SLAQ to measure disease
activity compared to the SLEDAI and the PGA, utilizing
a single statistical measures of agreement and providing a
simple sensitivity analysis of agreement by standardizing
questionnaire items and questionnaire recall time.

2. Materials and Methods

Ethical approval was obtained from the Ministry of
Health/University of the West Indies Ethics Review Board
and the Queen Elizabeth Hospital Ethics Committee.

2.1. Participants. The Barbados Lupus Registry was estab-
lished in 2007. In December 2009, there were 226 persons
alive with definite SLE (ACR ≥ 4 criteria) of whom 98% were
of Black ancestry and the majority (94%) were female.The 32
participants involved in this pilot were a convenience sample
from this cohort selected for a companion investigation. Each
participant completed the SLAQ, and a thorough systematic
examination including administration of the SLEDAI was
performed by the study rheumatologist.

2.2. Disease Activity Indices

2.2.1. The Systemic Lupus Activity Questionnaire (SLAQ). The
SLAQ is a self-reporting tool that assesses the presence and
severity of twenty-four clinical indices over the previous three
months [11]. It carries a weighting regime identical to the
SLAM with 0 points awarded for absent disease, 1 for mild,

2 for moderate, and 3 for severe disease, yielding a range
from 0–44 points [11]. In addition, there is a single question
assessing the presence and severity of lupus activity with a
score ranging from 0 (no flare) to 3 (severe flare) and a single
numerical rating of disease activity from 0 (no activity) to 10
(most activity).

2.2.2. Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI). The SLEDAI is a physician-administered instru-
ment accounting for the preceding 10 days. It assesses 16
clinical features and 8 laboratory indices. The weight which
has been applied to each index gives this tool a range of 0–
105 points. All participants in this study completed the full
SLEDAI including the dsDNA titres and the complement 3
levels.

2.2.3. SLAQ versus SLEDAI. There are considerable sim-
ilarities between the SLAQ and SLEDAI with 15 of the
24 SLAQ and 12 of the 24 indices of SLEDAI over-
lapping. These were (SLEDAI descriptor/SLAQ question)
seizure/seizure, organic brain syndrome/forgetfulness, lupus
headache/unusual headaches, CVA/stroke, vasculitis/white
fingers or toes in cold, arthritis/joint pain or swelling or
stiffness, myositis/muscle pain or weakness, new rash/other
rash, alopecia/bald patches on scalp, mucosal ulcers/rash in
mouth or nose, pleurisy/shortness of breath or chest pain on
deep breathing, and fever/fever (Table 1).

2.2.4. PGA. The PGA is based on the physicians’ overall
assessment of disease status. It is a composite of disease activ-
ity tools, other clinical or laboratory markers not included
within the tools, and the physician’s knowledge of the patient
disease history. It carries the score of 0 for no disease, 1 for
mild disease, 2 for moderate disease, and 3 for severe disease.

2.3. Statistical Analysis. Agreement between SLAQ and
SLEDAI was assessed using the concordance coefficient
for approximately continuous scores (SLAQ score, SLEDAI
scores) or using Kendall’s W agreement for ordinal scores
(PGA, SLAQ flare). Agreement was assessed under various
data restrictions, each designed to increase the clinical com-
parability of the two tools. Firstly, the tools were compared
in their original state. Then, in a simple sensitivity analysis,
agreement was further assessed (a) using only indices that
were included in both SLAQ and SLEDAI—this reduced
each tool to 12-items—and (b) analyzing responses from
participants exhibiting symptoms within the SLEDAI 10-day
participant recall window.

Agreement was also assessed between the SLAQ flare
rating (i.e, the single question assessing the presence and
severity of lupus activity) and the PGA.

3. Results

Fifty-nine percent of the 32 participants reported disease
activity using the original SLAQ, compared to 78% identified
by the SLEDAI. Based on thematched item scale, only 22% of
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Table 1

SLEDAI SLAQ
# Descriptor Definition # Symptom
1 Seizure Recent onset. Exclude metabolic, infectious, or drug cause. 2p Seizure

3 Organic brain
syndrome

Altered mental function with impaired orientation, memory,
or other intelligent function, with rapid onset fluctuating
clinical features. Include clouding of consciousness with
reduced capacity to focus and inability to sustain attention to
environment, plus at least two of the following: perceptual
disturbance, incoherent speech, insomnia or daytime
drowsiness, or increased or decreased psychomotor activity.
Exclude metabolic, infectious, or drug causes.

2r Forgetfulness

6 Lupus headache Severe persistent headache may be migrainous, but must be
nonresponsive to narcotic analgesia. 2t Unusual headaches

7 CVA New onset of cerebrovascular accident(s). Exclude
arteriosclerosis. 2q Stroke

8 Vasculitis
Ulceration, gangrene, tender finger nodules, periungual,
infarction, splinter hemorrhages, or biopsy or angiogram
proof of vasculitis.

2m Fingers/toes turning dead white
or very pale in the cold

9 Arthritis More than 2 joints with pain and signs of inflammation (i.e.,
tenderness, swelling, or effusion).

2w Pain or stiffness in the joints
2x Swelling in the joints

10 Myositis
Proximal muscle aching/weakness, associated with elevated
creatinine phosphokinase/aldolase or electromyogram
changes or a biopsy showing myositis.

2u Muscle pain
2v Muscle weakness

15 New Rash New onset or recurrence of inflammatory type rash. 2f Other rash

16 Alopecia New onset or recurrence of abnormal, patchy, or diffuse loss
of hair. 2i Bald patches on scalp

17 Mucosal Ulcers New onset or recurrence of oral/nasal ulcerations. 2d Sores in mouth/nose

18 Pleurisy Pleuritic chest pain with pleural rub or effusion or pleural
thickening.

2k Shortness of breath
2l Chest pain on deep breath

19 Fever >38∘C. Exclude infectious cause. 2c Fevers (>101∘F, 38.5∘C) taken by
thermometer

SLAQ versus SLEDAI: the description and definition of SLEDAI indices and the matched SLAQ symptoms.

participants reported activity with the SLEDAI whereas the
SLAQ result did not change (59%).

Concordance between the original activity scores was
0.62 (95% CI: 0.42 to 0.81) (Figure 1(a)). Restricting the
tools to common items increased the concordance to 0.70
(0.57 to 0.83) (Figure 1(b)). Two participants experienced
disease flares within the SLAQ but not the SLEDAI timeline.
Reanalysis with the removal of the scores from these 2
patients further increased the agreement between the SLAQ
and SLEDAI instruments to 0.72 (0.59 to 0.84) (Figure 1(c)).

Agreement between the SLAQ flare rating and the physi-
cian global assessment was 0.56 (0.32 to 0.80).

4. Discussion

The SLEDAI is widely accepted as a tool for monitoring SLE
activity both in clinical practice and in research. However, the
SLEDAI includes laboratory measures not routinely available
in resource-constrained settings as experienced in Barbados,
and therefore, the resulting clinical assessments are often
incomplete. The SLAQ is a self-administered questionnaire

that is inexpensive but gives variable results when compared
to other instruments measuring lupus activity.

Our comparison of the SLAQ and SLEDAI instruments
presented several challenges. Firstly, although both tools
monitor lupus activity, they assess different disease domains
and are therefore not expected to be in total agreement.
For example, psychosis, visual disturbance, cranial nerve
disorder, pericarditis, and laboratory markers are assessed by
SLEDAI but not by SLAQ, whereas weight loss, fatigue, malar
rash, lymphadenopathy, and photosensitivity are assessed by
SLAQand not by SLEDAI. To partly overcome this, an altered
questionnaire which mapped only indices common to both
was used (Table 1).

Secondly, the timeframe for patient symptom recall varies
between instruments. The SLEDAI takes into account the
previous 10 days whereas the SLAQ covers a 3-month period.
Two participants experienced flares between the 10-day and
3-month window (measured by the SLAQ but not the
SLEDAI). Exclusion of the scores of these 2 patients resulted
in better agreement between the scores of the SLAQ and the
SLEDAI (Figure 1(c)).
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Figure 1:The concordance between (a) the original activity scores, (b) the matched-items score, and (c) the scores further restricted by recall
time.

In spite of the usefulness of the disease activity measures,
the PGA is still considered the best assessment of disease
activity. Concordance between the SLAQ flare rating and the
PGA was 0.56 (0.32 to 0.80), significantly lower than the
SLAQ-SLEDAI scores concordance of 0.72 (0.59 to 0.84),

indicating that a collection of multiple indices is more accu-
rate than a single self-reported measure of disease activity
over the previous three months.

Fifty-nine percent of participants reported disease activ-
itywith the SLAQcompared to 78% identified by the SLEDAI.
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This seemed to dispel the notion that the subjective nature of
SLAQ leads to the over-reporting of symptoms; however, this
difference could be attributed to the disparity in reporting
laboratory indices. Laboratory indices are only assessed by
the SLEDAI, and it is reasonable to expect that more indica-
tors of disease would be identified by this method. To adjust
for the inequity in the indices being assessed, we investigated
these summary measures using the matched item scale.
The SLAQ results did not change, with 59% of participants
reporting disease activity. However, the proportion reporting
disease activity now decreased to 22% (from 78%) with the
reduced item SLEDAI. This indicated two things; firstly, it
highlighted the inadequacy of disease activity indices that
do not include laboratory measures; in this case, there was
a 56% point reduction in the disease markers identified. All
cases of proteinuria, which is critical to diagnosis of nephritis
which affects nearly half of Barbadian patients, would have
been missed. The mandatory inclusion of basic laboratory
measures, for example, full blood count and urinalysis in the
monitoring of SLE suggested during the 9th International
Congress on SLE in 2010, was aimed at rectifying this gap
[10]. Secondly, it underscored the difference in outcome
between physician-rated and patient-reported conclusions,
even when matched clinical indices are being compared.
In this pilot, more disease activity was recounted with the
SLAQ suggesting that its subjective naturemight lead to over-
reporting by patients who do the reporting.With the support
of the Barbados Lupus Cohort [5], we intend to examine
these potential deficiencies in a longitudinal comparison of
the SLAQ and SLEDAI questionnaires, where both tools will
be administered to participants at predetermined intervals.
This follow-up study will allow for further investigations
to identify particular domains of the SLAQ which promote
over-reporting. With the additional statistical power in this
longitudinal investigation, we will examine the agreement
of individual matched questionnaire items from SLAQ and
SLEDAI.Those SLAQ indices that exhibit low agreementwith
thematched SLEDAI indices would be flagged for deletion or
substitution. Any SLAQ alterations would then be subjected
to further validation.

Construction of this tool is even more relevant now with
the thrust towards the treat-to-target initiative, which has
proven to be beneficial in the management of rheumatoid
arthritis [13, 14]. Using this method, clinical targets for each
follow-up time-point is established, and at the time of follow-
up, therapy is adjusted based on the realisation (or not) of
the predefined disease activity goal. Measuring the identified
target requires a relevant disease activity tool.

In conclusion, the current SLAQ is inadequate as a disease
monitoring tool because of its lack of laboratory measure-
ments and its patient-based subjective reporting whichmight
lead to inadvertent over-reporting of symptoms. This leaves
us still in need of a SLE disease monitoring tool which is
accessible to resource-limited populations. The aim of our
future study is to transform the current SLAQ into a clinically
relevant but accessible tool by adding basic, cheap laboratory
measurements and reducing over-reporting of symptoms.
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Disease activity refers to potentially reversible aspects of a disease. Measurement of disease activity in paediatric rheumatic diseases
is a critical component of patient care and clinical research. Disease activity measures are developed systematically, often involving
consensusmethods. To be useful, a disease activitymeasuremust be feasible, valid, and interpretable.There are several challenges in
quantifying disease activity in paediatric rheumatology; namely, the conditions are multidimensional, the level of activity must be
valuated in the context of treatment being received, there is no gold standard for disease activity, and it is oftendifficult to incorporate
the patient’s perspective of their disease activity. To date, core sets of response variables are defined for juvenile idiopathic arthritis,
juvenile systemic lupus erythematosus, and juvenile dermatomyositis, as well as definitions for improvement in response to therapy.
Several specific absolute disease activity measures also exist for each condition. Further work is required to determine the optimal
disease activity measures in paediatric rheumatology.

1. Introduction

Measurement of a health state is the cornerstone of clinical
practice and medical research. As stated in 1883 by Lord
Kelvin, “when you can measure what you are speaking
about, and express it in numbers, you know something about
it; but when you cannot, your knowledge is of a meagre
and unsatisfactory kind” [1]. When caring for children and
youth with rheumatic diseases, standardized and validated
definitions of disease activity, as well as of change in disease
activity in response to treatment, are critical for making
decisions in clinical practice as well as for conducting clinical
research studies. Use of standardized measures can also
facilitate comparisons between trials through meta-analyses.

Over the past several years, an international collaborative
effort has been made to develop and validate measures of
disease activity, treatment response, inactive disease, and
flare of disease in several paediatric rheumatic conditions
[2]. These measures are numerous, and several new ones
are emerging on an annual basis. This paper will discuss
the theoretical basis of disease activity measures, methods

for their development and validation, and an overview of
available measures within paediatric rheumatology.

2. Definition of Disease Activity in Paediatric
Rheumatic Diseases

In order to measure disease activity, it is necessary to
define it and to identify its measurable components. “Disease
activity” may be defined as aspects of a patient’s disease
that are potentially reversible [3–5]. This is in contrast to
“disease damage,” which refers to the irreversible (i.e., due
to scarring) manifestations of the disease or its treatment.
Both disease activity and damage contribute to “disease
severity,” which is the total effect of the disease on the
individual and often relates to prognosis [5]. Disease activity
may fluctuate widely during a patient’s disease course. In
the context of rheumatic diseases, a disease activity measure
typically attempts to quantify the inflammatory process of
the disease [3]. Consolaro et al. define disease activity in
juvenile idiopathic arthritis (JIA) as measuring “signs and
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symptoms related to inflammation,” which “should sepa-
rated from measures of disease severity, such as those that
assess. . . structural damage” [6]. Evaluating disease activ-
ity may include measurement of biochemical markers of
inflammation (e.g., erythrocyte sedimentation rate (ESR)),
quantifying the amount of inflammatory tissue (e.g., number
of swollen joints), and assessing the clinical consequences of
inflammation (e.g., degree of morning stiffness). Generally,
disease activity in most paediatric rheumatic diseases is
multidimensional, and therefore this concept is measured
in several domains [7]. For example, a measure of disease
activity in juvenile dermatomyositis (JDM) incorporates
muscle strength, skin disease, internal organ manifestations,
and any other disease components in patients with JDM.
Disease activity measures may take the form of observed
values (e.g.,muscle enzymes level), rating scales completed by
health care providers, parent- or patient-reported outcomes
(PROs), or any combination of these. When measuring
disease activity, its impact on the biological, individual, and
social perspectives of health is often considered, as described
in the International Classification of Functioning, Disability,
and Health (World Health Organization) [8, 9]. This system
takes into account that disease activity interacts with internal
and external factors to determine the levels of biological,
physical, and social functioning. For example, a child with
JIA who has swelling and reduced motion of a joint may
have difficulty running and may not participate in gym class
because of fear of injuring herself. Interventions can be aimed
at each level: medical treatment to reduce joint inflammation,
physiotherapy to improve running, and accommodations at
school to allow the child to participate at their own pace.

3. Challenges in Measuring Disease Activity in
Paediatric Rheumatic Diseases

Given the multidimensionality of disease activity in paedi-
atric rheumatic disease, a challenge exists when some com-
ponents suggest that the disease is more active, while others
suggest that it is less active. Thus there is appeal to a pooled
and appropriatelyweighted composite index that can give one
answer. For example, the American College of Rheumatology
(ACR) core outcome variables for JIA were combined into a
definition to dichotomously divide patients into those who
improve by a clinically important amount and those who do
not [10]. Variables in the core set include: (1) physician global
assessment of disease activity, (2) parent/patient assessment
of overall wellbeing, (3) functional ability, (4) number of
joints with active arthritis, (5) number of joints with limited
range of motion (ROM), and (6) ESR. Consensus methods
were used to define improvement; for example, an ACR
Pedi30 response requires ≥30% improvement from baseline
in 3 of 6 variables, with ≤1 remaining variable worsening by
>30%. Similar core sets and definitions for improvement have
also been developed for JDM and juvenile systemic lupus
erythematosus (JSLE) [11–14].

The ACR Pedi response criteria are defined relative to
each patient’s baseline parameters but do not enable the
quantification of absolute disease activity or comparison

of absolute responses amongst patients. For instance, these
response criteria cannot distinguish between a patient who
has improved by 30% starting with 30 active joints (still has
21 active joints) and one who started with 3 active joints
(still has 2 active joints). This prompted the development of
a scale that quantifies the absolute level of disease activity,
the Juvenile Arthritis Disease Activity Score (JADAS), which
includes 4 items: (1) physician global assessment of disease
activity, (2) parent/patient global assessment of wellbeing,
(3) number of active joints, and (4) ESR [6]. The JADAS
is scored on a numerical scale, which allows patients to be
compared directly. Absolute disease activity measures have
also been developed for JSLE (e.g., European consensus lupus
activity measurement (ECLAM), systemic lupus erythemato-
sus disease activity index (SLEDAI)) and JDM (e.g., disease
activity score (DAS), myositis disease activity assessment tool
(MDAAT)) and are discussed further in Section 6.

An additional factor to consider is how to value clinical
improvement in the context of the treatment regimen of
the patient. For example, if one polyarticular JIA patient
is managed on a nonsteroidal anti-inflammatory drug and
achieves inactive disease, is his/her “disease activity” equiva-
lent to another patientwhose disease is quiescentwhile taking
methotrexate and an anti-tumor necrosis factor alpha agent?
Criteria for inactive disease and clinical remission in JIA
do distinguish between patients who are on or off medical
therapy. Wallace et al. define “inactive disease” as when a
patient on medical therapy achieves the following criteria:
(1) no joints with active arthritis, (2) no fever, rash, serositis,
splenomegaly, or generalized lymphadenopathy, (3) no active
uveitis, (4) normal ESR and/or C-reactive protein (CRP),
and (5) physician global assessment indicates no disease
activity [15]. If patients meet the inactive disease criteria
for 6 continuous months while taking medication they are
classified as being in “clinical remission on medication,”
and if they meet the criteria for 12 continuous months off
medication they are considered to be in “clinical remission off
medication” [15]. Each of these health states is considered to
be a distinct outcome.However, these criteria do not take into
consideration the relative intensity of the treatment required
to control the disease.

Another significant challenge when measuring disease
activity in pediatric rheumatic disease is that expert clinical
judgment (i.e., opinion of a paediatric rheumatologist) is
commonly used for validation of disease activity instruments
[3], and this can be ambiguous and subjective. Thus, a
limitation is that there is no truly objective “gold” standard
with which to validate disease activity measures, although
some promising biomarkers are being identified [16]. In
addition, it is important that “circularity of reasoning” is
avoided [17].That is, if the group of clinicians that derives the
criteria set is the same group that classifies disease activity,
there will be a strong correlation between the criteria set and
the so called “gold” standard. Lastly, the use of a physician-
based measure alone for comparison entirely excludes the
patient perspective of the disease burden.

Parent or patient global assessments are included inmany
paediatric rheumatic disease activity measures. Interestingly,
studies show concordance with physician assessments of JIA
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Table 1: Steps in the development of disease activity measures (adapted from [17, 24, 26, 27]).

Step Comments
Statement of purpose of measure Should be explicitly stated a priori

Methods of item generation From the literature, expert opinion, patient opinion, consensus methods
Item list should be comprehensive

Method to identify number of factors or
constructs For example, principal component and factor analysis

Derivation sample Across spectrum of disease activity, academic and community clinics, ideally 𝑛 = 200
Clinicians involved Clinicians deriving criteria should be different than those providing cases/controls
Definition of gold standard Validated set of criteria or expert opinions
Technique for selection of final set of items For example, sensitivity/specificity, ROC curve, and regression models
Assessment of psychometric properties Feasibility, face validity, content validity, reliability, construct validity, and responsiveness
External validation of criteria set Distinct validation sample

disease activity in only about 40% of cases [18–20]. Sztajnbok
et al. report that physicians tend to given higher global ratings
compared to parents [18]. Conversely, parents gave scores of
zero in only 65% of cases who met the Wallace definition of
inactive disease in JIA (listed above) [19]. Parents are more
likely to score higher disease activity if their child has a
shorter disease duration, is taking second-line drug therapy,
has increased reported pain, or has functional impairment.
Alternatively, physicians consistently rate disease activity
more highly than parents in the presence of any active joints
[18, 19]. In JDMpatients, Rider et al. found that physician and
parent global ratings of disease activity were not collinear and
that the nonredundancy may be the result of each evaluating
different aspects of the disease [21]. This may also be because
parents are often asked about overall “wellbeing” rather than
specifically “disease activity.” Thus, the parent or patient
perspective adds information on the impact of disease activity
on overall health.

For this reason, several new composite disease assessment
measures have included more PROs. The juvenile arthritis
parent assessment index (JAPAI) and the juvenile arthritis
child assessment index (JACAI) include: (1) parent/child rat-
ing of overall wellbeing, (2) parent/child rating of pain inten-
sity, (3) assessment of physical function, and (4) assessment
of HRQOL [22]. Similarly, the juvenile arthritis multidimen-
sional assessment report (JAMAR) incorporates parent- or
patient-reported physical functioning, social participation,
and HRQOL, among other items [23].

Although it can be challenging to validate PROmeasures
as they are inherently subjective, they provide rich infor-
mation on the patient’s perspective of their disease activity.
However, it should be noted that paediatric rheumatologists
developed these measures, and so they include items that
health care providers judge as significant to patients but may
not address all of the perceptions, values, and preferences
important to patients.

4. Development of Disease Activity Measures

Measurement instruments are developed systematically, and
the process is often iterative [7, 24, 25]. An approach for devel-
oping outcomemeasures in paediatric rheumatic diseases has

been described in detail by Brunner and Ravelli [25]. Here
we present a brief overview of the process (summarized in
Table 1).

4.1. Purpose of the Measure. Along with defining what is to
be measured and in which population, the purpose of the
disease activity measure should be explicitly determined at
the outset. Kirshner and Guyatt [45] describe three main
purposes of health status measures. Firstly, “discriminative”
measures are used to distinguish between individuals or
groups with a certain attribute (e.g., criteria for inactive
disease in JIA [15]). “Predictive”measures classify individuals
into a set of predefined risk categories when a gold standard
is available.This type of index is generally used as a screening
or diagnostic instrument (e.g., dipstick proteinuria in lupus
nephritis). Lastly, “evaluative” measures are used to assess the
magnitude of longitudinal change in the dimension of interest
(e.g., manual muscle testing (MMT) in JDM [46]). Disease
activity measures typically fall into the evaluative category as
they typicallymeasure clinically significant changes in disease
activity over time and in response to interventions.

4.2. Item Generation and Reduction. The process of item
generation creates a list of all possible items for inclusion,
generally thorough the literature review and opinions from
important stakeholders [47]. Ideally, patients and parents
should be included in the process of measure development
[48]. Item generation is followed by item reduction, with
the goal of including all the important items but minimizing
redundancy. Consensus methods have commonly been used
for this phase of measure development (see below). Ideally, it
is also important to determine the number of different aspects
of disease activity, or “factors,” being measured. Principal
component and factor analysis identify the number of factors
within the scale andwhich of these explain themajority of the
overall variance [26, 49]. At the item level, item-scale correla-
tions andmeasures of internal consistency (Cronbach’s alpha)
can indicate which individual items within the factorsmay be
redundant and possibly unnecessary [26].

4.3. Consensus Methods. In recent years, consensus meth-
ods such as Delphi surveys and nominal group techniques
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Table 2: Definitions of domains of measurement properties, adapted from COSMIN taxonomy [28].

Domain Measurement property Definition

Reliability
Internal consistency The degree of interrelatedness among items

Reliability The proportion of the total variance in measurements which is due to
“true” differences among patients

Measurement error The systematic and random errors of a patient’s score that is not
attributed to true changes in the construct being measured

Validity

Content validity The degree to which the content of an instrument is an adequate
reflection of the construct to be measured

Face validity The degree to which the items look to be an adequate reflection of the
construct to be measured

Construct validity
The degree to which the scores of an instrument are consistent with
hypotheses (e.g., relationships to scores of other instruments) based
on the assumption that the instrument validly measures the construct
to be measured

Criterion validity The degree to which the scores of an instrument are an adequate
reflection of a “gold standard”

Responsiveness The ability of an instrument to detect change over time in the
construct to be measured

Interpretability The degree to which one can assign qualitative meaning to an
instrument’s quantitative scores or change in scores

(NGTs) have commonly been used in the item generation and
item reduction phases of measure development in paediatric
rheumatology [50]. The definition of consensus should be
stated a priori and utilized as criteria for termination of the
process [51], although this is not always the case in practice
[52]. The Delphi technique is an iterative multistage method
that allows the use of anonymous written or online responses
[53]. It involves a series of questionnaires, each of which is
based on the results of the previous step, and the process
stops when participants approach consensus. NGT utilizes a
highly structured face-to-face meeting to gather information
from relevant stakeholders [53]. Panelists rank, discuss, and
then rerank a series of items related to the topic. The results
are analyzed for agreement in prioritization, and generally
70–80% consensus is required [51]. These approaches have
been used successfully to develop several disease activity
measures in paediatric rheumatology such as the definition
for improvement in JIA [10] and disease activity core set
measures for JDM and JSLE [11].

4.4. Derivation Study. Once candidate sets of criteria are
determined, they should be applied to a large and diverse
group of patients with the disease from a variety of practices
[17, 26]. A comparator group is chosen based on the intended
use of the criteria and should represent patients from whom
the criteria aim to distinguish. In order to avoid circularity
of reasoning, the group of clinicians who create the list of
candidate items should be separate from those who provide
and classify the patients [17, 26]. The sample size required for
derivation studies is approximately 100 per group [24].

4.5. Selection of Final Set of Items. The final set of items is
often selected using statistical techniques such as comparing
the sensitivity and specificity of candidate sets of items with

receiver operating characteristic curve analysis. This was
performed by Brunner et al. to determine the best definition
for flare in patients with JIA [33]. Logistic regression may
also be used to determine what variables best discriminate
between more and less severely affected patients as was
employed in the development of criteria for minimal disease
activity (MDA) in JIA [42].

4.6. Assessment of Psychometric Properties. Prior to carrying
out formal psychometric testing of a measurement tool, it
should be pretested in a small group of users to ensure
comprehensibility and relevance [47]. Evaluation of face and
content validity ensures the items are reasonable and cover
all the aspects of the disease. Feasibility should also be
assessed, with consideration given to ease of use andminimal
burden on the patient and health care provider.Without these
characteristics, the tool is unlikely to be accepted by medical
practitioners or adopted into clinical care.

Once a tool is developed and piloted, its measurement
properties must be evaluated in the target population. Most
disease activity measures should be assessed with regards to
their reliability, validity, responsiveness, and interpretability
(Table 2) [28]. As a final step, measures should be applied to
an independent sample to ensure external validation [24, 27].

5. Disease Activity Measures in JIA,
JSLE, and JDM

A summary of the most commonly cited disease activity
measures in JIA, JSLE, and JDM is presented in Table 3.

5.1. Core Response Variables in JIA, JSLE, and JDM. Com-
posite disease activity measures comprising 5 or 6 core
response variables (CRV) have been defined for each disease
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Table 3: Summary of disease activity measures for juvenile idiopathic arthritis (JIA), juvenile systemic lupus erythematosus (JSLE), and
juvenile dermatomyositis (JDM).

JIA JSLE JDM
Relative disease activity measures

Core response
variables (CRV)

ACR [10]:
(1) Physician global assessment
of disease activity
(2) Parent/patient assessment of
overall wellbeing
(3) Functional ability (CHAQ)
(4) Number of joints with active
arthritis
(5) Number of joints with limited
range of motion
(6) ESR
For SJIA patients: absence of
spiking fever (≤38∘C during past
week)

PRINTO [13]:
(1) Physician global assessment
of disease activity
(2) Parent/patient assessment of
overall wellbeing
(3) Renal involvement: 24-hour
proteinuria
(4) Global disease activity tool
(SLEDAI, ECLAM, or SLAM)
(5) HRQL (CHQ)

PRINTO [14]:
(1) Physician global assessment of
disease activity
(2) Parent/patient assessment of
overall wellbeing
(3) Muscle strength (CMAS, MMT)
(4) Functional ability (CHAQ)
(5) Global disease activity tool (DAS,
MDAAT)
(6) HRQL (CHQ)
IMACS [12]:
(1) Physician global assessment of
disease activity
(2) Muscle strength (MMT)
(3) Functional ability (CHAQ, CMAS)
(4) Muscle enzymes (≥2 of CPK,
aldolase LDH, AST, ALT)
(5) Extramuscular disease (MDAAT)

Definition of
improvement

≥30% improvement from
baseline in 3 of 6 CRVs, with ≤1
CRV worsening by >30% [10, 29]

≥50% improvement from
baseline in 2 of 5 CRVs, with ≤1
CRV worsening by >30% [30]

PRINTO [31]:
≥20% improvement in 3 of 6 CRVs,
with ≤2 worsening by ≥20% (muscle
strength excluded)
IMACS [32]:
≥15% improvement in muscle strength
and physical function, ≥20% physician
and patient global and extramuscular
assessments, ≥30% improvement in
muscle enzymes

Definition of flare
Worsening of 2 CRV by ≥40%
without improvement in >1 CRV
by ≥30% [33]

Absolute disease activity measures

Global disease activity
tools

JADAS [6, 34]:
(1) Physician global assessment
of disease activity
(2) Parent/patient global
assessment of wellbeing
(3) Count of joints with active
disease
(4) ESR

SLEDAI [35]
BILAG [36]
SLAM [37]
ECLAM [38]

DAS [39]
MDAAT [40]
CAT [41]

Minimal disease
activity (MDA)

MDA [42]:
(1) Oligoarthritis: physician
global assessment ≤2.5 cm and
swollen joint count of 0
(2) Polyarthritis: physician global
assessment ≤3.4 cm, parent
global assessment ≤2.1 cm, and
swollen joint count ≤1

Inactive
disease/remission

Wallace criteria [15, 43]
Inactive disease:
(1) No joints with active arthritis
(2) No fever, rash, serositis,
splenomegaly, or generalized
lymphadenopathy attributable to
JIA
(3) No active uveitis
(4) Normal ESR and/or CRP

PRINTO [44]:
Inactive disease on or off medication,
≥3/4 of:
(1) CPK ≤ 150
(2) CMAS ≥ 48
(3) MMT ≥ 78
(4) Physician global assessment ≤ 0.2
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Table 3: Continued.

JIA JSLE JDM
(5) Physician global assessment
indicates no disease activity
Clinical remission:
(1) On medication—criteria for
inactive disease met for
minimum 6 continuous months
while patient on medication
(2) Off medication—criteria for
active disease met for minimum
12 continuous months while off
all arthritis and uveitis
medications

ACR: American College of Rheumatology, CHAQ: child health assessment questionnaire, ESR: erythrocyte sedimentation rate, SJIA: systemic juvenile
idiopathic arthritis, PRINTO: Pediatric Rheumatology International TrialsOrganization, SLEDAI: systemic lupus erythematosus disease activity index, BILAG:
British Isles lupus assessment group index, SLAM: systemic lupus activity measure, ECLAM: European consensus lupus activity measurement, HRQL: health-
related quality of life, CHQ: child health questionnaire, IMACS: InternationalMyositis Assessment andClinical Studies group, JADAS: juvenile arthritis disease
activity score, MMT: manual muscle testing, CMAS: childhood myositis assessment scale, DAS: disease activity score, MDAAT: myositis disease activity
assessment tool, and CAT: cutaneous assessment tool.

by consensus methodologies involving members of the ACR,
PRINTO, and/or International Myositis Assessment and
Clinical Studies (IMACS) groups, as mentioned above. Note
that there are 2 slightly different core sets for JDM developed
by PRINTO and IMACS (Table 3).The common components
for each disease include physician andparent or patient global
assessments, which use 10 cm visual analogue scales (VAS)
to evaluate the extent of active inflammation based on all
information available [21]. A score of zero indicates inactive
disease and 10 indicates extremely high activity. In addition,
the JIA and JDM core sets include a measure of physical
function (most typically the childhood health assessment
questionnaire (CHAQ), which has been validated in both
populations [54, 55]). The CHAQ is divided into disability
and discomfort indices which assess function in 8 areas (score
0–3) and pain intensity and overall wellbeing, respectively
[54].The JSLE and JDMcore sets include a genericmeasure of
HRQL that has been validated in both populations, the child
health questionnaire (CHQ). The CHQ contains 14 domains
to evaluate the physical, emotional, and social components
of health and provides physical and psychosocial summary
scores [56]. A notable challenge is that measures of physical
function and HRQL within the core sets may reflect disease
damage in addition to disease activity. The remaining CRV
are specific to each disease and are further discussed in the
sections below.

Clinicallymeaningful improvement in the core set is often
used in clinical research to define the primary endpoint.
Criteria for improvement have been developed for each
composite measure [10, 29–32], and a definition of disease
flare has been proposed for JIA only [33]. As noted in
Section 4, achieving improvement or flare is relative to the
patient’s baseline status, and thus the absolute degree of
disease activity is different for each patient.

5.2. Disease Activity Measures in JIA. In addition to the items
mentioned above, the ACR core set also includes a measure
of systemic inflammation (usually ESR or CRP), the number

of joints with active arthritis (defined as joint effusion or
limitation of motion accompanied by heat, pain, or tender-
ness), and the number of joints with limited ROM [10]. A
systematic review of outcome measures in JIA compares the
psychometric properties of themeasures within theACR core
set, although it did not identify any validation studies of the
composite core set itself [57].TheCHAQhas strong reliability
and moderate correlations with other measures of disease
activity but poor responsiveness. Active joint count and
physician global assessment have the strongest correlations
with disease activity and are most responsive to change.

The JADAS is a measure of absolute disease activity
in JIA. It is similar to the core set in that it incorporates
physician and parent/patient global assessment of disease
activity, number of active joints, andESR; however, it does not
include functional status or number of joints with reduced
ROMbecause thesemay bemore reflective of disease damage
[6]. Depending upon the number of joints assessed, the
JADAS is scored on a continuous scale from 0–101 (71 joints),
0–57 (27 joints), or 0–40 (10 joints) and has good construct
validity and responsiveness [6]. Changes in JADAS score are
able to classify patients according to ACR Pedi response and
have excellent ability to predict flare and inactive disease
[34]. Recently, the “JADAS3,” which excludes ESR and avoids
the necessity of a blood sample, was found to correlate with
individual measures of disease activity as well as the original
JADAS [58].

With improved success in the treatment of JIA, criteria
for MDA, inactive disease, and remission have been defined.
MDA is intended to define a state between high disease
activity and remission that is acceptable to the physician and
patient [42]; however, there is no data on the prognostic
significance of maintaining this state. The MDA definitions
have been validated in independent samples [42]. Similarly,
the measurement properties of the Wallace criteria for inac-
tive disease, remission on medication, and remission off
medication have been assessed on data from 3 independent
JIA clinics [43].
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Systemic JIA (SJIA) differs from the other subtypes in
that it is characterized by fever, rash, serositis, organomegaly,
and lymphadenopathy, and these featuresmust be considered
in a disease activity measure. Batthish and colleagues have
begun to develop an SJIA-specific disease activity measure
using patient and parent interviews [48] and Delphi survey
of health professionals to generate items [59]. The top items
included fever, rash, increased CRP and ESR, and require-
ment for increasing medications. From here, the goal is to
determine the best and most parsimonious list of items. At
present, the ACR core set specifies the absence of spiking
fever (≤38∘C during past week) [2], and the definition of
inactive disease requires absence of SJIA symptoms [15] as an
additional requirement for SJIA children.

5.3. Disease Activity Measures in JSLE. Several disease activ-
ity measures initially developed in adult SLE patients have
been found to be sensitive to change in JSLE [60]. The
SLEDAI [35], British Isles lupus assessment group index
(BILAG) [36], systemic lupus activity measure (SLAM) [37],
and ECLAM [38] consist of many attributes grouped into
8–10 organ systems. The SLEDAI and SLAM are scored by
weighting and summing of each attribute to give a total
score. There are several rules for scoring the ECLAM to
give an integer between 0 and 10. The BILAG uses an
alphabetical rating system for each organ system, although
numerical conversion schemes have been suggested [60].
Of the measures described, the SLEDAI and SLAM are the
most user-friendly, and the ECLAM appears to be the most
sensitive to change in JSLE [61]. The BILAG is complicated
and takes longer to score.

5.4. Disease Activity Measures in JDM. Rider et al. have
recently published a very comprehensive review of all the
disease activity measures available for JDM, including their
psychometric properties and utility for both clinical and
research purposes [62]. The core sets for JDM include a
measure of myositis activity assessed either with MMT or
the childhoodmyositis assessment scale (CMAS). Amodified
MMT of 8 proximal, distal, and axial muscle groups tested
unilaterally is scored from 0 to 80, and was found to
closely approximate a total MMT score of 26 muscle groups
tested bilaterally and is more feasible for use in the clinic
setting as it takes less than 5 minutes to perform [63]. The
CMAS uses 14 maneuvers (score 0–52) to measure muscle
strength, physical function, and endurance and has excellent
measurement properties [46].The IMACS cores set considers
the CMAS a measure of physical function, along with the
CHAQ [12]. Levels of muscle enzymes are included in the
IMACS core set as they are felt to be clinically useful but
not in the PRINTO core set because they were found to
correlate poorly withmyositis activity in a clinical trial setting
[14]. Global disease activity in JDM is measured with the
DAS and the MDAAT. The DAS assesses muscle, cutaneous,
and vasculopathic features of JDM [39], while the MDAAT
includes extramuscular manifestations and assesses disease
activity in 7 organ systems [40]. The cutaneous assessment
tool (CAT) assesses the full range of cutaneousmanifestations

of JDM and provides both skin disease activity and skin
damage scores [41].

Recently, criteria have been proposed for inactive disease
in JDM (on or off therapy), requiring 3 or more of (1)
CPK ≤ 150U/I, (2) CMAS ≥ 48, (3) MMT ≥ 78, and (4)
physician global assessment ≤0.2 [44]. These criteria should
be externally validated prior to use in the clinical or research
setting [64].

6. Conclusions

Over the last 20 years there has been an explosion of disease
activity measures in paediatric rheumatology. The develop-
ment of these tools is important as we aim to investigate
and compare therapies for JIA, JSLE, and JDM. Challenges
remain in determining which disease activity measures are
optimal for use in the clinic and research settings. We are
still working towards incorporating patient perspectives to
obtain a comprehensive assessment of health in paediatric
rheumatology patients.
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3Department of Medicine III, Nephrology and Rheumatology, Universitätsklinikum UKE, 20246 Hamburg, Germany
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Objective. The main objective of this study was to evaluate the 7-joint ultrasound (US7) score by detailed joint region analysis
of an arthritis patient cohort. Methods. The US7 score examines the clinically most affected wrist, MCP and PIP II, III, MTP II,
and V joints for synovitis, tenosynovitis/paratenonitis, and erosions. Forty-five patients with rheumatoid arthritis (RA) (84.4%)
and spondyloarthritis with polyarticular peripheral arthritis (PsA 13.3%; AS 2.2%) with a median disease duration of 6.5 yrs
(range 7.5mths–47.6 yrs) were included and examined at baseline and 3, 6, and 12 months after starting or changing therapy
(DMARD/biologic). In this study, detailed US7 score joint region analysis was firstly performed. Results. The joint region analysis
performed at baseline disclosed synovitis in 95.6% of affected wrists in the dorsal aspect by greyscale (GS) US where Grade 2
(moderate) was most often (48.9%) detected. Palmar wrist regions presented Grade 1 (minor) capsule elevation in 40% and Grade
2 (moderate synovitis) in 37.8%. Tenosynovitis of the extensor carpi ulnaris (ECU) tendon was found in 40%, with PD activity
in 6.6%. Most of the erosions in MCP II were detected in the radial (68.9%), followed by the dorsal (48.9%) and palmar (44.4%)
aspects. InMTPV, erosions were seen in 75.6% from lateral.Conclusions. Synovitis in GSUS was more often detected in the wrist in
the dorsal than in the palmar aspect. ECU tendon involvement was frequent. Most erosions were found in the lateral scan of MTP
V and the medial (radial) scan of MCP II.

1. Introduction

Objective imaging modalities are needed to detect the
inflammatory and destructive processes in arthritic diseases
such as rheumatoid arthritis (RA) and seronegative spondy-
loarthritis (e.g., psoriatic arthritis). In recent years, there
have been numerous studies reporting early detection of
soft tissue and bone processes in arthritic diseases and a
high level of sensitivity in musculoskeletal ultrasonography
(US) [1–8]. This imaging method allows disease activity
and therapeutic response to be detected objectively and for
immunosuppressive therapy to be adapted accordingly. As a
result, better rheumatic disease outcomes might be achieved
and structural damage prevented at earlier stages [9–13].
Due to rapid technical improvements, US has become the
“extended diagnostic finger” in the rheumatologist’s daily

practice with high patient acceptability. Therefore, accurate
assessment of joint inflammation such as synovitis and bone
processes is extremely important and standardization is,
therefore, essential. Recently, a novel 7-joint US (US7) score
for use in daily rheumatologic practice has been developed
which includes examination of the clinically most affected
wrist, MCP II, III, PIP II, III, MTP II, and V, that is,
the joints that are most frequently involved in RA [14, 15].
They are assessed for synovitis, tenosynovitis/paratenonitis,
and erosions according to the EULAR criteria [16] and the
OMERACT definition [17] including greyscale (GS) and
powerDoppler (PD)US. Synovitis and synovial/tenosynovial
vascularity are scored semiquantitatively (grade 0–3) by
PDUS according to Szkudlarek et al. [18]. Synovitis (effusion
and synovial hypertrophy combined) in GSUS is analyzed
semiquantitatively as described by Scheel et al. [19].
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Tenosynovitis/paratenonitis as well as erosions in GSUS
are registered as being absent (0) or present (1). The first
publication describes the implementation of the US7 score in
a nationwide project in order to prove its value and feasibility
in daily rheumatologic practice. One hundred and twenty
patients with RA (91%) and PsA (9%) were evaluated at
three visits (baseline and after 3 and 6 months) using the
US7 score. Clinical data (DAS28) and laboratory parameters
(CRP and ESR) were also evaluated. All parameters were
significantly reduced after three (except for the PDUS syn-
ovitis and erosions score) and six (except for the erosions
score) months of therapy or change in immunosuppressive
therapy (DMARDs and/or TNF𝛼 inhibitors versus DMARDs
alone). The study demonstrated that the novel US7 score is
not only a feasible score for monitoring disease activity in
daily rheumatologic practice but also represents therapeutic
response and is therefore sensitive to change [14]. This could
also be presented by another US7 score validation study of a
larger cohort of 𝑛 = 432 RA patients [15].

The aim of the present study was to further validate
this sum scoring system by detailed joint region analysis.
To this end, one-year data of a monocenter subgroup of an
arthritis patient cohort were analyzed. Primarily, the occur-
rence of pathologic findings such as synovitis, tenosynovi-
tis/paratenonitis, and erosions in each joint region included
in the US7 score was analyzed over the period of one
year under certain therapies. Secondarily, each feature was
evaluated for its predictive value for later erosions. Besides,
US7 score data were compared to clinical and laboratory
parameters.

2. Patients and Methods

Forty-five patients (77.8% female) suffering from RA (84.4%)
and seronegative spondyloarthritis such as psoriatic arthritis
(PsA; 13.3%) and ankylosing spondylitis (AS) with peripheral
joint involvement (2.2%) with a median age (in years) of
56.0 (range 22–75 {95% CI: 45.5–65.0}) and median year
of disease duration of 6.5 (range 7.5mths–47.6 yrs {95% CI:
4.0–10.5}) were recruited from theRheumatologicOutpatient
Department of the Charité-Universitätsmedizin Berlin, Ger-
many, from February 2007 toMarch 2009.The patient cohort
consists of a monocenter subgroup from a large nationwide
study. This study was approved by the ethical committee of
Tuebingen, Germany (no. 199/2007BO2), and all included
patients gave their informed consent. Required for inclusion
was the indication for start or change of therapy to DMARDs
and/or biologics (because of either disease activity ormedical
side effects), as well as a minimum age of 18 years and a
statement of agreement. 57.8% of the included patients were
positive for rheumatoid factor IgM (RF IgM) and 55.6% for
anticitrullinated antibodies (ACPA). Clinical, laboratory, and
US data were evaluated before (baseline) starting or changing
therapy (DMARD and/or biologica) and after 3, 6, and 12
months. Following the baseline examination, 57.8% of the
patients received DMARD and TNF𝛼 inhibitor combination
therapy, 26.7% DMARDs only, and 15.5% TNF𝛼 inhibitor
monotherapy.

Longitudinal Transversal
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Figure 1: Erosion in the 2nd MCP joint from dorsal.
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Figure 2: Tenosynovitis (∗) of the 2nd flexor tendon and synovitis
(+) of the 2nd MCP joint—longitudinal scan.

2.1. Clinical and Laboratory Assessment. For current disease
activity evaluation, the disease activity score 28 (DAS28)
was assessed at each patient’s visit. Furthermore, erythrocyte
sedimentation rate (ESR; normal level < 20mm/h) and C-
reactive protein (CRP; normal level < 5mg/L) levels were
measured at baseline and after 3, 6, and 12 months.

2.2. Imaging Assessment. For the ultrasound examination,
the novel US7 score [14, 15] was applied at each visit. This
score includes US evaluation of the following joints of the
clinically most affected hand and forefoot: wrist, MCP II, III,
PIP II, III, MTP II, and V which are assessed for synovitis,
tenosynovitis/paratenonitis, and erosions. Synovitis and syn-
ovial/tenosynovial vascularity are scored semiquantitatively
(grade 0–3) by GSUS and PDUS and tenosynovitis as well
as erosions for their presence (0/1). In this study, the wrist
was examined in the dorsomedian, ulnar, and palmar aspects
for synovitis and tenosynovitis in GSUS and PDUS and for
erosions. The finger joints MCP II and III were assessed in
the dorsal aspect for synovitis in PDUS, for paratenonitis
in GSUS and PDUS, also for erosions (see an example of
an erosion in the 2nd MCP joint in Figure 1), then in the
medial (radial) aspect for erosions (only MCP II), and in
the palmar aspect for synovitis and tenosynovitis in GSUS
and PDUS (an example of tenosynovitis and synovitis in the
2nd MCP joint detected by GSUS and PDUS is given in
Figure 2) as well as for erosions. PIP joints II and III were
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examined in the dorsal aspect for synovitis in PDUS and for
erosions and in the palmar aspect for synovitis in GSUS and
PDUS as well as for erosions. The toe joints, MTP II and V,
were examined in the dorsal aspect for synovitis in GSUS
and PDUS and for erosions and in the plantar and lateral
(only MTP V) aspects for erosions. Sum scores for synovitis,
tenosynovitis/paratenonitis, and erosions were composed for
each time of US assessment. The scoring range for the GS
synovitis score was 0–27, for the PD synovitis score 0–39, for
the GS tenosynovitis score 0–7, for the PD tenosynovitis score
0–21, for the erosions score 0–14 excludingwrist examination,
and 0–17 including wrist examination. Sum scores excluding
the forefoot joints examination (“US5” score) were also
performed in order to determine whether the scoring system,
without the forefoot joints MTP II and V, is sensitive to
change.

Furthermore, a detailed joint region analysis was per-
formed at baseline and after 3, 6, and 12 months calculating
the amount of pathologic findings in each joint region
included. Two expert sonographers (MB, SO) performed the
US7 score examination. The ultrasonographers were both
aware of the treatment and the treatment decision.There was
no blinding to treatment in this study.

At baseline and after 12 months, conventional radio-
graphic scans of both hands and forefeet in two planes
were performed according toGerman recommendations.The
presence of erosions was qualitatively assessed (0/1) by the
Steinbrocker score (Steinbrocker score ≤ 1 = 0, Steinbrocker >
1 = 1) [20].

2.3. Statistical Analysis. Thestatistical calculationwas carried
out using the statistical software program SPSS 18.0 (SPSS,
Chicago, Illinois, USA). Median values and interquartile
ranges as well as the amount of pathologic findings (%) were
calculated, and changes were subjected to the 2-sided exact
Wilcoxon test. The longitudinal differences of laboratory,
clinical, and US parameters were correlated using Spearman
nonparametric correlation coefficients. For the calculation of
predictive values, linear regression analysis was performed,
and predictors for dependent variables (US7 erosion score)
were calculated. For the calculation of the prediction of later
erosions by conventional radiography, logistic regression was
used; fit was assessed by theHosmer-Lemeshow test. Variable
selection was applied with inclusion probability assessed by
the Rao Score test but significance within the model by the
Wald test. Statistical significance (P) was set at the 𝛼 ≤ 0.05
level. No adjustment for multiple testing was applied.

3. Results

3.1. Detailed Joint Region Analysis. Baseline joint region
analysis disclosed synovitis in 95.6% affected wrists in the
dorsomedian aspect by GSUS, where Grade 2 (moderate)
was detected most often (48.9%). Power Doppler activity
was found in 64.4% with Grade 2 (35.6%) being detected
most often. Furthermore, erosions in this joint region were
seen in 68.9% of the patients. Tenosynovitis in GS mode
was detected in 17.8% in this joint region with PD activity in

4.4%. Palmomedian wrist regions presented Grade 1 (minor)
capsule elevation in 40%, and Grade 2 (moderate synovitis)
in 37.8% with PD activity of 11.1%. Erosions in this region
were detected in 57.8% of the cases. Tenosynovitis in this
joint region was seen in only 6.7% without any PD activity.
Tenosynovitis of the extensor carpi ulnaris (ECU) tendon
detected by GSUS was found in at least 40% of the joints
examined, with PD activity of 6.6%. Erosive changes were
seen in 44.4% of the ulnar wrist regions.

Regarding finger joint examination, synovitis was deter-
mined in 95.6% both in MCP joint II and III in the palmar
aspect by GSUS, whereby Grade 2 was detected most often
in MCP II (33.3%) and Grade 1 (51.1%) in MCP III. In
both joints, PD activity was more frequently observed in
the dorsal aspect than in the palmar aspect (MCP II: 24.4%
versus 17.8%; MCP III: 24.4% versus 4.4%). Most erosions in
MCP II were detected in the medial (radial) aspect (68.9%),
followed by the dorsal aspect (48.9%) and the palmar aspect
(44.4%). In MCP III, erosions were seen in 44.4% of the
joints in the dorsal aspect and in 35.6% in the palmar aspect.
Tenosynovitis was detected in 15.6% in MCP II and in 6.7%
in MCP III, and paratenonitis was (only) found in 4.4% in
MCP II and in 2.2% in MCP III. In the PIP joints included,
the following observations were made: PIP II synovitis by
GSUS was detected in 81.8% of the joints in the palmar aspect
where Grade 1 with 43.2% was detected most often. PIP III
was affected byGS synovitis in 68.9% of the cases withGrades
1 and 2 reaching the same incidence (24.4%). In both joints,
PD activity wasmore frequently seen in the dorsal than in the
palmar aspect (PIP II: 14.3% versus 13.6%; PIP III 13.3% versus
11.4%). Furthermore, erosions were detected more often in
the dorsal aspect than in the palmar aspect (PIP II 51.1%
versus 42.2%; PIP III 46.7% versus 31.1%).

In the toe joints, MTP II was affected by GS synovitis
in 84.4% of the cases with PD activity in 33.3% (dorsal
examination). Erosions in this joint were more often detected
in the dorsal aspect (46.7%) than in the palmar (22.2%). In
MTP V, synovitis was seen in 51.1% of the joints with PD
activity in only 8.9% (dorsal examination). Erosions in MTP
Vwere most frequently detected in the lateral aspect (75.6%),
followed by the dorsal (57.8%) and palmar aspects (44.4%).
See Figure 3 for the semiquantitative analysis of each joint
region included in the US7 score (baseline). The one-year
joint region analysis is presented in Figure 4.

The following joint regions were the ones which were
most significantly changing under new treatment regime over
one year: PD positive synovitis of the dorsomedian wrist and
GSUS synovitis in the palmarMCP III joint region and in the
palmar PIP III region (each 𝑃 < 0.001).

3.2. Prediction of Erosions after One Year Based on the
US7 Score and Laboratory and Clinical Parameters. For the
prediction of erosions in both hands and forefeet detected
by conventional radiography after one year, certain predictors
were approved. Considering the US7 score features, the
synovitis score byGSUS at baselinewas a significant predictor
(𝑃 < 0.05) for erosions on radiographs after one year.
Furthermore, initial erosions in the US7 score (excluding
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Figure 4: Semiquantitative analysis of each joint region included in the US7 score (without erosions)—one-year followup (t3). Legend: Syn =
synovitis; TS = tenosynovitis/paratenonitis; GS = greyscale; PD = power Doppler; dm = dorsomedian; pm = palmomedian; du = dorsoulnar;
2p = MCP II palmar; 2d = MCP II dorsal; 3p = MCP II palmar; 3d = MCP III dorsal; 7p = PIP II palmar; 7d = PIP II dorsal; 8p = PIP III
palmar; 8d = PIP III dorsal.

and including wrist examination) were highly significant
predictors for erosions in conventional radiography after
one year (𝑃 < 0.001). In multivariate analysis, baseline
US5 erosions sum score (𝑃 < 0.001, odds ratio = 2.31
{95% CI: 1.46–3.65}) and US7 GS tenosynovitis/paratenonitis
sum score (Rao score test 𝑃 = 0.021, Wald test 𝑃 =
0.056, odds ratio = 2.45, {95% CI: 0.98–6.15}), which was
not significant in univariate analysis, were included by the
variable selection procedure. The Hosmer-Lemeshow test
revealed a good fit of the final model (𝑃 = 0.32). Other
US7 score features such as the synovitis score in PDUS and

tenosynovitis/paratenonitis score did not significantly predict
erosions by radiographs after one year. Laboratory (CRP,
ESR) and the clinical parameter DAS28 were not significant
predictors of erosions in conventional radiography either.

For the prediction of erosions detected by the US7
score (erosion score including the wrist) after one year,
the following significant baseline predictors were evaluated:
DAS28 (𝑃 < 0.05), US7 synovitis score in GSUS (𝑃 =
0.001), and PDUS (𝑃 < 0.05), of which the synovitis score
in GSUS was the only multivariately significant predictor.
Laboratory data (CRP, ESR) and antibodies (RF IgM and
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ACPApositivity) as well as tenosynovitis/paratenonitis scores
by GSUS and PDUS did not significantly predict erosions in
ultrasonography.The fit of this linear model was satisfactory;
quadrat terms were not significant and residuals approxi-
mately normally distributed.

For the prediction of the erosions score excluding wrist
examination, similar results were obtained as follows: US7
synovitis score in GSUS (𝑃 = 0.002) and PDUS (𝑃 =
0.001). The DAS28 was not predictor for significant erosions
if excluding the wrist examination for erosions (𝑃 = 0.102).

3.3. Laboratory, Clinical, and US7 Score Data over One Year.
Laboratory (ESR, CRP), clinical (DAS28), and US7 (also
without forefoot joints examination—“US5”) score data were
evaluated at each assessment time, and changes to baseline
were examined (Tables 1 and 2).

The laboratory parameters, ESR and CRP, significantly
decreased 3 months after starting or changing therapy. After
6 and 12 months, median ESR and CRP did not change
significantly versus baseline examination. Median DAS28
significantly decreased from 4.8 at baseline to 4.1 (after 3
months), then from 3.7 (after 6 months) to 3.8 (after 12
months; 𝑃 < 0.05 in each case to baseline). A significant
reduction of the median synovitis score in GSUS was also
observed at each assessment time from 13.0 initially to 9.0
(30.8%; 𝑃 < 0.05) 12 months later. The median synovitis
score in PDUS decreased significantly from 2.0 initially to
1.0 after 6 months (50%; 𝑃 < 0.05). The median tenosynovi-
tis/paratenonitis score inGSUS (initially 1.0) was significantly
reduced after 6 and 12 months (each 0.0; 𝑃 < 0.05) of US
examination. The median tenosynovitis/paratenonitis score
in PDUS remained the same over the period of one year.
According to the erosions score, both excluding and includ-
ing wrist examination, a significant reduction was observed
from 7.0 initially (excluding the wrist) and 8.0 (including the
wrist) to 5.0 and 6.0 after 12 months, respectively (𝑃 < 0.05
in each case; US7 score data, Table 1). Excluding the forefoot
(MTP II and V) US examination, the same statistical analysis
compared to the US7 score analysis was performed (“US5”
score data, Table 2). The GSUS synovitis score significantly
decreased at each assessment time from 11.0 initially to 7.0
(36.4%, 𝑃 < 0.05) after 12 months. A significant reduction
of the median synovitis score in PDUS was first seen after
6 months from 2.0 to 1.0 (50.0%; 𝑃 < 0.05), then up to 1.7,
but still significantly reduced to baseline (15.0%; 𝑃 < 0.05).
Furthermore, the erosions score for the hand, both excluding
and including wrist examination, was significantly reduced
from 4.0 initially (excluding the wrist) and 6.0 (including the
wrist) to 2.9 and 5.0, respectively (𝑃 < 0.05 in each case).

At baseline, 49% of the patients had erosions in both
hands and 35% in both feet in conventional radiographs.
After 12 months, 51.1% of the patients had erosions in both
hands and 26.7% in both feet.

3.4. Correlations between the US7 Score and Laboratory and
Clinical Parameters over 12-Month Followup. There was a
significant correlation between changes in the US7 score

obtained by GSUS and the ESR through 12 months of fol-
lowup (GSUS7/ESR: 𝑟 = 0.31; 𝑃 < 0.05). No other significant
correlations were detected between the US7 score obtained
by GSUS and PDUS compared to laboratory and clinical
parameters. No significant positive correlation coefficients
were found between the “US5” score (excluding the forefoot
joints) data and clinical and laboratory parameters.

4. Discussion

The aim of the present study was to further validate the
US7 score by a detailed joint region analysis. For this pur-
pose, the incidence of pathologic findings such as synovitis,
tenosynovitis/paratenonitis, and erosions in each included
joint region were evaluated and analyzed over the period of
one year. Secondarily, different components of the US7 sum
score were examined for their ability to predict later erosions.
Furthermore, one-year data of the US7 score evaluated in this
subgroup of patients were compared to clinical (DAS28) and
laboratory (CRP, ESR) parameters.

Regarding the detailed joint region analysis, the most
affected joints/joint regions affected by synovitis (detected by
GSUS) were the wrist in the dorsal aspect and the MCP II
in the palmar aspect, whereby the wrist was more severely
affected. Furthermore, power Doppler activity > Grade 1 was
mostly seen in the dorsal wrist joint. It was also one of the
joint regions, which was most significantly changing under
new treatment regime. Recently, Ellegaard et al. presented
a study in which they proposed that a standardized color
Doppler US examination of the wrist joint as the only target
joint was very helpful in the detection of disease activity
with a high correlation to CRP, ESR, swollen joint count, and
DAS28 [21].

For the US7 score evaluation, synovitis in grey scale
was only evaluated in the palmar aspect for the finger joint
examination. In view of the findings of the study by Scheel
et al. [19] in which synovitis was most often presented in the
palmar proximal side of the finger joints (86%), we decided
to exclude the dorsal compartment examination by GSUS,
especially in the case of time period. This phenomenon was
recently determined in a study by Vlad et al. in which the
palmar finger joint regions (MCPandPIP II-V) showedbetter
correlation to clinical evaluation (CDAI and SDAI) than the
dorsal examination [22]. Furthermore, Dougados et al. were
not able to demonstrate that musculoskeletal US was more
sensitive than clinical examination [23]. This may be due
to the fact that synovitis was only examined in the dorsal
aspect in this study; a region which can easily be evaluated by
clinical examination. However, for the detection of synovitis
by PDUS, the dorsal side of the finger joints should be
included, as PD activity was found there more often.

Most erosions were found in the ulnar scan of the MTP
V and the radial scan of the MCP II joint. This distribution
of erosions was shown by a French US working group before
presenting new semiquantitative erosions score with good
correlation to radiography. This group also found erosions
primarily in MTP V, followed by MCP II [24].
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Table 1: Laboratory, clinical, and US7 score data over one year.

𝑛 = 45 patients Baseline After 3 months After 6 months After 12 months

ESR (mm/h) 24.5 (5–82)
{95% CI: 14.3–36.0}

14.0 (3–74)∗
{95% CI: 8.0–29.5}

19.0 (3–120)
{95% CI: 7.5–38.3}

14.5 (3–94)
{95% CI: 9.8–36.8}

CRP (mg/L) 4.1 (0.2–119)
{95% CI: 2.0–9.2}

3.0 (0.3–34.8)∗
{95% CI: 1.1–5.9}

3.0 (0.2–38.1)
{95% CI: 1.0–6.8}

3.6 (0.0–65)
{95% CI: 1.4–7.5}

DAS28 4.8 (1.6–8.0)
{95% CI: 4.1–6.1}

4.1 (1.4–7.6)∗
{95% CI: 2.9–4.9}

3.7 (1.1–6.8)∗
{95% CI: 2.5–5.2}

3.8 (1.3–7.1)∗
{95% CI: 2.8–4.7}

Synovitis score in GSUS
(0–27)

13.0 (7–25)
{95% CI: 0.5–6.5}

10.0 (3–22)∗
{95% CI: 6.5–15.0}

10.0 (2–18)∗
{95% CI: 7.0–13.5}

9.0 (0–20)∗
{95% CI: 6.0–12.0}

Synovitis score in PDUS
(0–39)

2.0 (0–16)
{95% CI: 0.5–6.5}

1.0 (0–20)
{95% CI: 0.0–5.0}

1.0 (0–18)∗
{95% CI: 0.0–3.0}

2.0 (0–9)∗
{95% CI: 0.0–2.5}

Tenosynovitis/paratenonitis score in GSUS
(0–7)

1.0 (0–5)
{95% CI: 0.0–1.0}

0.0 (0–5)
{95% CI: 0.0–1.0}

0.0 (0–3)∗
{95% CI: 0.0–1.0}

0.0 (0–5)
{95% CI: 0.0–1.0}

Tenosynovitis/paratenonitis score in PDUS
(0–21)

0.0 (0–8)
{95% CI: 0.0–0.0}

0.0 (0–8)
{95% CI: 0.0–0.0}

0.0 (0–5)
{95% CI: 0.0–0.0}

0.0 (0–6)
{95% CI: 0.0–0.0}

Erosions score excluding the wrist
(0–14)

7.0 (0–14)
{95% CI: 4.0–9.0}

6.0 (1–14)
{95% CI: 4.0–9.0}

6.0 (0–14)
{95% CI: 4.0–9.0}

5.0 (0–11)∗
{95% CI: 3.0–7.0}

Erosions score including the wrist
(0–17)

8.0 (0–17)
{95% CI: 5.0–11.0}

7.0 (2–17)
{95% CI: 6.0–11.5}

8.0 (0–17)
{95% CI: 5.0–11.5}

6.0 (1–14)∗
{95% CI: 5.0–9.0}

∗

𝑃 value < 0.05 to baseline examination by 2-sided exact Wilcoxon test.

Table 2: “US5” (without forefoot results) score data over one year.

𝑛 = 45 patients Baseline After 3 months After 6 months After 12 months
Synovitis score in GSUS
(0–21)

11.0 (7–19)
{95% CI: 8.0–13.0}

9.0 (2–18)∗
{95% CI: 6.0–12.5}

9.0 (1–16)∗
{95% CI: 5.5–10.5}

7.0 (0–20)∗
{95% CI: 5.0–10.0}

Synovitis score in PDUS
(0–33)

2.0 (0–15)
{95% CI: 0.5–6.0}

1.0 (0–17)
{95% CI: 0.0–5.0}

1.0 (0–18)∗
{95% CI: 0.0–3.0}

1.7 (0–7)∗
{95% CI: 0.0–2.5}

Erosions score excluding the wrist
(0–9)

4.0 (0–9)
{95% CI: 2.0–6.0}

3.0 (0–15)
{95% CI: 2.0–6.0}

4.0 (0–9)
{95% CI: 2.0–6.0}

2.9 (0–7)∗
{95% CI: 1.0–4.5}

Erosions score including the wrist
(0–12)

6.0 (0–12)
{95% CI: 3.0–8.5}

5.0 (1–12)
{95% CI: 4.0–9.0}

6.0 (0–12)
{95% CI: 3.0–8.5}

5.0 (0–10)∗
{95% CI: 3.0–7.0}

∗

𝑃 value < 0.05 to baseline examination by 2-sided exact Wilcoxon test.

The predictive value of the US7 erosions score after one
year was most significant for the synovitis score in GSUS
and less, but still significant, for the synovitis score in PDUS
and the DAS28 clinical score (if detecting erosions in the
wrist). The predictive value for radiographic erosions after
one year was most significant for the US7 erosions score
at baseline indicating that the initial US erosions score did
have the highest predictive power for the disease outcome.
Furthermore, the synovitis score in GSUS did significantly
predict later erosions on radiography. Therefore, permanent
reduction of synovitis needs to be the most important aim of
the therapeutic concept in order to prevent the destructive
process of the disease. In the present study, tenosynovitis,
especially ECU tenosynovitis, was not predictive for later
erosions. However, this could recently be presented by Lil-
legraven et al. [25] who found ECU tenosynovitis to be the
only independent predictive value for later erosions in the
hands in MRI. The present calculation probably results from
the fact that these arthritis patients already had a long disease
history at study onset, and the erosions were only detected by

conventional radiography. It is a known fact thatMRI is more
sensitive in the detection of erosions than radiography.

One-year data of the US7 score compared to clinical
(DAS28) and laboratory (CRP, ESR) parameters disclosed
a significant reduction in the one-year data in most of its
components; that is, this novel sum score is sensitive to
change under certain therapies. Even without examination of
the forefoot joints MTP II and V (“US5”score), this scoring
system still worked well as the same statistically significant
changes were calculated between followup and baseline.
Consequently, additional time was saved by omitting the
forefoot US examination which would make this score even
more feasible. However, correlation analysis of changes to
baseline only presented significant coefficients between the
synovitis score in GSUS and ESR when the forefoot exami-
nation (US7 score) was included but not without it (“US5”
score). Therefore, inclusion of the forefoot (MTP II and
V) examination may contribute to higher sensitivity of this
composite scoring system. Furthermore, for the individual
patient it might be very important to include these joints even
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so the average statistical comparison of populations and/or
time points suggest to shorten the examination accordingly.

Regarding the US7 erosion score, a statistically significant
reduction over the examination period of one year was
detected. Therefore, a potential “healing effect” of bone
lesions beyond immunosuppressive therapy needs to be
discussed. This phenomenon was already described by Rau
et al. for radiographic erosions [26, 27] and was recently
evaluated by Finzel et al. for erosions detected by micro-
computed tomography (𝜇CT) [28]. In the Finzel et al. paper,
bone erosions in RA patients receiving either tumor necrosis
factor inhibitors or methotrexate were assessed by micro-
CT imaging. After one year, patients taking TNF𝛼 inhibitors
showed partial recovery in terms of a decrease in the mean
depth of erosions while the mean width remained the same.
In contrast, patients taking only methotrexate demonstrated
an increase in the main depth and width of the erosions.
To our knowledge, a reduction of erosions has not yet been
described for musculoskeletal ultrasonography. One reason
for the reduction of erosions might be due to the fact that,
with less synovitis in the follow-up examinations, the delay
path to bone surface is reduced so that the erosions are no
longer readily detectable. Therefore, the erosions would only
seem to be reduced but no longer be reproduced. However,
interobserver reliability for the US7 erosions score was 𝜅
= 0.45 [29], at least, which means that there is moderate
agreement concerning the detection of this pathology. Fur-
thermore, in a recent study by Døhn et al. it was shown
that erosions evaluated by US are true erosions compared to
computer tomography [30].Most of the patients participating
in the present study also received TNF𝛼 inhibitor therapy
(57.8% in combination with DMARDs and 15.5% alone), a
fact that makes the results evenmore plausible.Therefore, the
healing effect of erosions is also detectable bymusculoskeletal
US, a new aspect for this imaging modality.

Summarizing the findings, it could be said that both
the US7 and the “US5” scores are feasible sum scoring
systems for use in daily rheumatologic practice. But because
paratenonitis was a rare finding, it might not be a necessary
component in the US7 scoring system and could therefore be
excluded.

Further studies, especially with a homogenous group of
early RA/arthritis patients, need to follow in order to examine
the role of the additive value of the US7 score compared to
conventional clinical and serological parameters, especially
with regard to the outcome parameters (e.g., its value as a
predictor of later erosions or to characterize patients who do
not respond to certain therapies (i.e., TNF𝛼 inhibitors), etc.).
Besides, the question concerning the meaning of subclinical
disease activity detected by musculoskeletal US should be
further discussed, for example, in case of therapeutic esca-
lation. Furthermore, thresholds for the different components
of the US7 score need to be analyzed and defined in order to
standardize this composite scoring system more thoroughly.

Regarding the observed positive overall effect comparing
followup with baseline, we have to point out that this was not
a controlled therapeutic study. Especially we cannot exclude
that patients entered the observation at a peek of disease
burden, and in the followup, a regression to the mean was

observed. Furthermore, the factor of a “mix” of different
longstanding arthritis patients, though mainly RA patients,
is the main limitation of the study.
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Over the past decade, the assessment of the disease activity in psoriatic arthritis (PsA) has rapidly evolved in view of the need
for valid, feasible, and reliable outcome measures that can be ideally employed in longitudinal cohorts, clinical trials, and clinical
practice as well as the growing paradigm of tight disease control and treating to target in the management of PsA. This paper
reviews the currently available measures used in the assessment of the disease activity in PsA. The composite measures for PsA that
are under development are also discussed.

1. Introduction

Psoriatic arthritis (PsA) is a heterogenous multifaceted
inflammatory arthritis associated with psoriasis. In addi-
tion to peripheral arthritis, patient with PsA may develop
spondylitis, dactylitis, enthesitis, and nail disease as well as
extra-articular features common to the spondyloarthropa-
thies (SpA). The assessment of disease activity in PsA should
therefore evaluate each of these clinical domains carefully. An
accurate measurement of disease activity is essential to guide
the medical therapy and monitor the treatment response.

Over the past decade, significant progress on the devel-
opment and validation of instruments for the measurement
of disease activity in PsA has been achieved by the Group
for Research and Assessment of Psoriasis and Psoriatic
Arthritis (GRAPPA) and the Outcome Measures in Rheuma-
tology Clinical Trials (OMERACT). In 2007, the GRAPPA-
OMERACT achieved consensus on 6 core domains that
should be included in randomized controlled trials and
longitudinal observational cohorts of subjects with PsA [1].
These included peripheral joint activity, skin activity, pain,
patient global assessment (PGA), physical function, and
health-related quality of life. Several other domains (spinal
disease, dactylitis, enthesitis, fatigue, nail disease, radiogra-
phy, physician global assessment, and acute-phase reactants)

were considered important, not mandatory, but preferably
to be assessed at some point in a clinical trial development
program. This paper reviews the currently available tools
for the clinical measurement of the disease activity in PsA.
The composite measures for PsA that take different disease
domains into account will also be reviewed.

A collected tools are used in the validation of different
patient outcomes measures. These include reliability, validity,
and responsiveness. The definition of these tools are first
summarized here. In general, assessments of reliability indi-
cate the consistency of responses within a scale or the extent
to which a response of score is free from random error
(precision). Internal consistency tests the extent that the
items of a scale measure the same underlying construct or
theme. Intraobserver reliability assesses the likelihood that
someone administering a scale to make the same ratings or
judgements on repeated administrations. Interobserver reli-
ability assesses the likelihood that two observers to make
the same ratings or judgements about the same individual.
Validity has been considered to be an expression of the extent
to which a question or measure assesses what it is intended
to measure. Content validity assesses whether the instrument
covers the concepts it is intended to measure. Construct
validity assesses whether the measure correlates with mea-
sures of other variables in hypothesized ways. Responsiveness
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Table 1: Clinical assessment of psoriasis outcome measures.

Erythema Induration Desquamation BSA Psychosocial impact Measured by

BSA Yes Physician

PASI Yes Yes Yes Yes Physician

PGA Yes Yes Yes Physician

LSPGA Yes Yes Yes Yes Physician

SAPASI Yes Yes Yes Yes Patient

SPI Yes Yes Yes Yes Yes Physician

BSA: Body Surface Area; PASI: Psoriasis Area and Severity Index; PGA: Physician’s Global Assessment; LGPGA: Lattice System Physician’s Global Assessment;
SAPASI: Self-Administered PASI; SPI: Salford Psoriasis Index.

or sensitivity to change tests how well the scores on the
instrument change to reflect changes in the criterion mea-
sure.

2. Literature Search

Literature search was conducted using the PubMed database
up to November 2012. Different combinations of the follow-
ing search terms were used: “psoriatic arthritis,” “psoriasis,”
“disease activity,” “outcome measures,” “peripheral arthri-
tis,” “dactylitis,” “enthesitis,” “nail,” “spondylitis,” “patient
global,” “quality of life,” “fatigue” and “composite measures,”
with limits set to include humans and written in English.
The initial search yielded more than 3000 abstracts, which
were reviewed to include only studies relevant to this paper.
This yielded 81 studies, of which the full articles were then
reviewed by the authors.

3. Peripheral Joint Assessment

Moll and Wright described five clinical patterns among
patients with PsA: distal interphalangeal (DIP), asymmetri-
cal oligoarticular, symmetric polyarticular, spondylitis, and
arthritis mutilans [2]. Unlike rheumatoid arthritis (RA), the
pattern of joint involvement in PsA is usually asymmetric
and frequently involves the DIP joints. Peripheral joints are
assessed for tenderness and swelling. There is no validated
measure to assess peripheral joint in PsA. The measure used
is the American College of Rheumatology (ACR) joint count
initially developed in 1949 for the assessment of patients with
RA [3]. The ACR joint count ranges from 28, 44, 68, and
78 for tenderness; 28, 44, 66, and 76 for swelling (excluding
hips from assessment of swelling). The reduced joint count
with the 28 joints or 44 joints count that does not assess the
DIP joint or the feet does not have content validity for mea-
suring peripheral arthritis in PsA. Discussions at GRAPPA
and OMERACT meetings recommended that the ACR joint
count of 68 tender and 66 swollen joints count be used, as
it includes a majority of joints affected in PsA, and it can be
readily performed in a clinic visit [4]. It was decided not to
include the distal joints of the feet (78 tender joints count)
as it may be difficult to distinguish proximal interphalangeal
(PIP) joint from DIP joint inflammation in the toes. It has
been suggested that if either the PIP or DIP of the toe
is involved it should be marked as a PIP. The ACR joint

count was proven to be a reliable measure of peripheral
joint activity in PsA in 3 different studies [5–7]. Gladman
et al. showed that the 68 tender and 66 swollen joints
count had minimal intraobserver and interobserver variation
[6]. The 68 tender and 66 swollen joints count includes
the temporomandibular, sternoclavicular, acromioclavicular,
shoulder, elbow, wrist (including the carpometacarpal and
intercarpal joints as one unit), metacarpophalangeal (MCP),
PIP, DIP, hip, knee, talotibial, midtarsal (including subtalar),
metatarsophalangeal, and interphalangeal joints of the toes
(proximal and distal joints of each toe counted as one unit).

4. Skin Assessment

PsA disease activity is commonly not mirrored by active
skin disease. A wide variety of scoring systems have been
proposed to evaluate severity in psoriasis. A systemic review
of all clinical studies (prospective and retrospective) inves-
tigating the severity of psoriatic patients was published in
2010 [8]. Based on methodological validation and quality
criteria, six clinical severity scores were selected and analyzed
(Table 1). They included Body Surface Area (BSA) [9],
Psoriasis Area, and Severity Index (PASI) [10], the Physician’s
Global Assessment (PGA) [11], the Lattice System Physician’s
Global Assessment (LS-PGA) [11], the Self-Administered
PASI (SAPASI) [12], and the Salford Psoriasis Index (SPI)
[13]. It appeared that none of the severity scores used for
psoriasis met all of the validation criteria required for an ideal
score. However, it was concluded that the PASI score was
the most extensively studied psoriasis clinical severity score
and the most thoroughly validated. PASI was demonstrated
to be reliable and reproducible. Its internal consistency
[11], intraobserver reliability [11, 12, 14] and interobserver
reliability [11, 13, 14] are good and its sensitivity to change
is acceptable [12]. It has a good content validity. Evidence-
based recommendations to assess psoriasis severity stated
that the PASI can be used in everyday clinical practice in the
management of adult patients with plaque-type psoriasis, in
particular, if a systemic treatment is considered [15]. How-
ever, PASI has a number of drawbacks. Its construct validity
and its acceptability have not been evaluated. It has poor
sensitivity to change and responsiveness when skin psoriasis
is less than 10% BSA involvement. The correlation with
quality of life measures is poor [16]. Spuls et al. therefore
suggested drawing on multiple measurement tools to fully
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characterize disease severity and responsiveness to therapy
[17]. The PASI and LS-PGA, for example, complement each
other and provide a representative picture of disease severity
[17].

5. Dactylitis

Dactylitis is characterized by swelling of a whole digit and
represents a combination of synovitis and inflammation of
tendon and ligament insertions. It is a hallmark feature of
PsA, occurring in 16–48% of reported cases [18]. It can be
further characterized as acute dactylitis where the digit is ery-
thematous, swollen, hot, and tender to touch; or as chronic
dactylitis where the digit is swollen but without redness and
tenderness. There is a study that demonstrated that digits
with dactylitis are associated with a greater degree of radio-
logical damage than those which occur in digits not affected
by dactylitis [19].

The Leeds Dactylitis Instrument (LDI) was developed
in response to the need for a clinical, objective, validated
outcome measure for dactylitis [18]. It measures the ratio of
the circumference of the affected digit to the circumference
of the digit on the contra-lateral hand or foot: a minimum
difference of 10% is used to define a dactylitic digit. If the
contralateral digit is also dactylitic, a table of normative
values based on population averages is used to provide the
comparison. The ratio of circumference is multiplied by
a tenderness score, originally based on the Ritchie index
(graded 0–3), but a later modification amended this to a
binary score (0 for nontender, 1 for tender—this later modif-
ication is referred to as the LDI basic). The results from
each digit with dactylitis are then summed to produce a final
score. The aim of the LDI is to provide a quantification of
both the size of the swollen digit and the tenderness so that
the score can differentiate between tender and nontender
dactylitis. Both the LDI and LDI basics have demonstrated
good inter- and intraobserver reliability [18]. The LDI was
tested in the International Multicenter Psoriasis and Psoriatic
Arthritis Reliability Trial (IMPART) and showed good agree-
ment among rheumatologists but not dermatologists [20].

6. Enthesitis

Enthesitis is defined as inflammation at the site of tendons,
ligaments, or joint capsule fibre insertion into bone. It is a
unique and important clinical feature of spondyloarthropa-
thy. Most clinical studies have reported the frequency of
enthesitis in PsA cohorts in the 30–50% range [21, 22], but
this may be an underestimate, as now imaging studies such as
ultrasonography or magnetic resonance imaging (MRI) have
demonstrated enthesopathy not appreciated clinically.

In 1987, Mander et al. published the first instrument
to investigate enthesitis in ankylosing spondylitis (AS),
the Mander enthesis index (MEI) [23]. 66 entheseal sites
which were accessible to clinical examination were defined
(Figure 1). These sites were to be examined for tenderness
and the intensity of pain was graded on a 0 to 3 scale. The
MEI is sensitive to change in clinical state associated with

nonsteroidal antirheumatic drug therapy, and one study
demonstrated good intraobserver reliability [24]. On the
other hand it was not possible to demonstrate any treatment
group differences in a large placebo-controlled trial of inflix-
imab in AS using the MEI, suggesting that discrimination
was poor because of low interobserver reliability [25]. MEI
is generally regarded as being nonfeasible in clinical use
because it is time consuming and not all enthesitic sites are
readily identifiable on physical examination. It has also been
criticized for potentially causing distress to patients, and not
adequately distinguishing enthesitic sites from fibromyalgia
tender points.

The Maastricht Ankylosing Spondylitis Entheses Score
(MASES) was developed to modify MEI to produce a less
time consuming index with similar validity [26]. The grading
of tenderness score from 0 to 3 in MEI was removed and
substituted with a dichotomous 0/1 score for tenderness in
MASES. The number of entheses index was reduced as con-
cise as possible. After exclusion of entheses difficult to local-
ize or near to other sites, the 66 entheses were reduced to 13
most specific and sensitive sites. These include the bilateral
first and seventh costochondral joints, the anterior and
posterior superior iliac spines, the iliac crests, the fifth lum-
bar spinous process, and the proximal insertion of Achilles
tendon (Figure 1). MASES is a more feasible instrument but
it has not been assessed in other diseases of the SpA including
PsA. The fact that it does not score one of the main enthesitis
sites (plantar fascia insertions into the calcaneum) also gives
rise to some concern.

Gladman et al. have reported on the performance
of investigators from the Canadian Spondyloarthropathy
Group in their ability to reliably assess four enthesitis areas:
rotator cuff insertion at the shoulder, tibial tuberosity at the
knee, Achilles tendon, and plantar fascia insertions in the
calcaneus [6]. The reliability was “fair” in the assessment of
rotator cuff enthesitis, “moderate” for tibial tuberosity and
Achilles enthesitis, and “moderate to substantial” for plantar
enthesitis. This may have been due to difficulties in the
anatomic localization of rotator cuff entheses.

In a study on infliximab in patients with AS, Braun et al.
used an enthesis index composed of 12 entheses that are
reported to be commonly affected in the inflammatory
process in AS (major enthesitis index) [27]. This index
included the iliac crests, the great trochanters of the femur,
the medial and lateral condyles of the humerus, the proximal
insertion of the Achilles tendon, and insertion of the plantar
fascia to the calcaneus. This index did not perform better
compared to the MASES in the above-mentioned study. It
has not been widely used or studied.

The Spondyloarthritis Research Consortium of Canada
(SPARCC) created a new outcome measure for enthesitis in
SpA using information from ultrasound and MRI studies
[28]. The selection of entheses was based on two published
findings from power Doppler ultrasound and MRI [29, 30].
Sixteen sites were selected: the bilateral greater trochanter,
quadriceps tendon insertion into the patella, patellar liga-
ment insertion into the patella and tibial tuberosity, Achilles
tendon insertion, plantar fascia insertion, medial and lat-
eral epicondyles, and the supraspinatus insertion (Figure 1).
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MEI MASES

SPARCC LEI

Figure 1: Enthesitis sites recorded by the principle enthesitis indices [32]. MEI: Mander Enthesitis Index; MASES: Maastricht Ankylosing
Spondylitis Enthesitis Score; SPARCC: Spondyloarthritis Research Consortium of Canada Enthesitis Index; LEI: Leeds Enthesitis Index.

Tenderness at each site was quantified on a dichotomous
basis: 0 means nontender and 1 means tender. Interobserver
reliability was good and a substantial correlation was seen
between the total enthesitis score and other disease activity
measures [28].

The MEI, the MASES, the Gladman index, and the major
enthesitis index were all developed and validated for patients
with AS. The SPARCC score was developed using a full
spectrum of SpA patients, but the validation was only done
in patients with AS [28]. The Leeds Enthesitis Index (LEI)
which was published in 2008 is the only measure developed
specifically for PsA [31]. The LEI consisted of 6 sites:
bilateral Achilles tendon insertions, medial femoral condyles,
and lateral epicondyles of the humerus (Figure 1). Tender-
ness at each site was quantified on a dichotomous basis:
0 means nontender and 1 means tender. This index was
compared with other entheseal indices including the MEI,
MASES, the Gladman index and the major enthesitis index
in an open-label longitudinal study. The LEI was able to
distinguish between patients with active disease and those

without. It showed strong correlation with other disease
activity measures, a large effect size, and the lowest floor
effect. Floor effect means not picking up cases with low index
score. A low floor effect means that it will be likely to detect
the large majority of patients with active enthesitis.

The reproducibility of enthesitis assessment among
patients with PsA with spinal involvement was investigated in
the International Spondyloarthritis Interobserver Reliability
Exercise—the INSPIRE study [7]. Enthesitis sites included
in the MASES, SPARCC, LEI, and other enthesitis scoring
systems were investigated. The results showed that there
was excellent agreement among the observers with regard to
the number of active enthesitis sites per individual patient.
The individual indices provided substantial to excellent
agreement for all patients. The LEI performs well in PsA.

7. Nail Assessment

Nail involvement is common in patients with psoriasis and
PsA and can be severe and disfiguring. Nail psoriasis occurs



International Journal of Rheumatology 5

in as many as 50% of psoriatic patients [33] and has been
reported from 63% to 83% in patients with PsA [34, 35].

Psoriatic nail disease can be broadly divided into psori-
asis affecting the nail matrix and the nail bed. Involvement
in the nail matrix results in changes to the nail plate.
Characteristic features of psoriasis affecting the nail matrix
include pitting, leukonychia, red spots in the lunula, and nail
plate crumbling. Characteristic features of psoriasis affecting
the nail bed include oil-drop discolouration, onycholysis,
nail bed hyperkeratosis, and splinter hemorrhages.

In 2003, a group of dermatologist had developed the Nail
Psoriasis Severity Index (NAPSI) as a psoriatic nail grading
instrument [36]. This instrument is used to evaluate the
severity of nail matrix psoriasis and nail bed psoriasis by
area of involvement in the nail unit. The nail is divided
with imaginary horizontal and longitudinal lines into four
quadrants. Each quadrant of the nail is evaluated by presence
of any of the nail matrix and nail bed psoriasis features. The
score range from 0 to 4 according to the number of quadrants
with any of the features present. Each nail gets a nail matrix
score (0–4) and a nail bed score (0–4), and the total nail score
is the sum of these two (0–8). The sum of the scores from all
nails is 0–80 or 0–160 if toenails are included. If a target nail
scale is desired, the same technique can be used to evaluate all
eight parameters (pitting, leukonychia, red spots in lunula,
crumbling, oil drop, onycholysis, hyperkeratosis, and splinter
hemorrhages) in each quadrant of the nail, giving that one
nail scores 0–32. An informal survey of the NAPSI score
suggested that the NAPSI score was reproducible among
dermatologists grading the same nails. However, the NAPSI
scores was not validated.

In 2007, a group of rheumatologists with a goal to
validate a psoriatic nail disease assessment instrument to
assess disease severity and response to treatment in clinical
trials had modified the original NAPSI in an attempt to
enhance its reliability and face validity [37]. First, the division
of the nail into quadrants was eliminated because quadrants
were felt to be difficult to precisely quantify and varied
among observers. Second, a more quantitative aspect was
added to the scoring of several features in order to increase
the sensitivity of the overall grading. Nail pitting was scored
0–3 depending on the number of pits present. Crumbling
and onycholysis were scored 0–3 depending on the percent-
age of the nail involved. Splinter hemorrhages, leukonychia,
red spots in the lunula, oil-drop dyschromia, and nail bed
hyperkeratosis were individually scored as 1 if they were
present and 0 if they were absent. Oil-drop dyschromia was
regarded as part of the same pathologic process as onycholy-
sis, and therefore oil-drop dyschromia and onycholysis were
graded together. In the end, the range of possible scores using
the modified NAPSI (mNAPSI) was 0–14 for each fingernail,
or 0–140 for all 10 fingernails. In addition to the mNAPSI,
global nail psoriasis severity ratings from both patients and
physicians were added using a visual analogue scale (VAS)
(0–10). The mNAPSI scores showed excellent internal consis-
tency and interobserver reliability [37]. Its construct validity
was shown by the correlation between mNAPSI scores and
global nail severity VAS scores and by correlation between

the physician and patient global assessments of nail disease
activity.

8. Spine Assessment

Spondylitis has been reported in 40–51% of PsA patients
[38]. Sacroiliitis has been reported in up to a quarter of
patients in several series [39–41]. Unlike AS, where axial
involvement is present in all patients and tends to be more
severe both clinically and radiologically, axial PsA is more
heterogenous and less severe than that in AS. Up till now,
there is no consensus on the definition of axial PsA. The
assessment for spinal involvement has been borrowed from
the Assessment of Ankylosing Spondylitis (ASAS) working
group. The ASAS working group has recommended the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI)
to measure the disease activity [42], the Bath Ankylosing
Spondylitis Function Index (BASFI) to evaluate the func-
tional ability [43], and the Bath Ankylosing Spondylitis
Metrology Index (BAMI) to assess spinal mobility [44].
The International Spondyloarthritis Interobserver Reliability
Exercise (INSPIRE) study showed that the axial measures
of spinal mobility used in AS perform well with respect to
interobserver reliability and are equally reproducible when
applied to PsA patients with axial involvement [45]. There
are studies showing BASDAI correlated highly with patient
perception of disease activity but there was no significant
effect of the pattern of disease (axial or peripheral) [46, 47],
suggesting that the BASDAI does not differentiate between
axial and peripheral disease activity.

9. Patient Global Assessment

PGA of disease activity is important because it enhances
the patient physician interaction to become more patient-
centered by highlighting the global influences of PsA on the
individual patient’s well-being. The PGA is very dependent
on the wording of the question poses to patient. In PsA, when
the patients are being evaluated for PGA, they (and even
the clinicians) may get confused whether they should relate
the assessment to joint involvement, or skin involvement, or
both. To address this issue, the GRAPPA organized a multi-
center study to assess the reliability of the PGA, measured
by means of 0–100 mm VAS, and the additional utility of
separate VAS scales for joints (PJA) and skin (PSA) [48]. The
specific question for PGA was “In all the ways in which your
psoriasis and arthritis, as a whole, affect you, how would you
rate the way you felt over the past week?” Results showed
that PGA with a single question addressing both joint and
skin disease is a reliable and responsive measure in assessing
patient in totality. Because joint and skin disease often
diverges, it is suggested that in some circumstances, such as
study of a drug that improves the joints but not the skin, both
PJA and PSA are also assessed.

10. Health-Related Quality of Life

The most commonly used measure of health-related quality
of life include the Health Assessment Questionnaire (HAQ),
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the Medical Outcomes Study Short Form 36 (SF-36), the
Psoriatic Arthritis Quality of Life (PsAQoL), Dermatology
Life Quality Index (DLQI), and the EuroQol 5-domain (EQ-
5D).

The HAQ was originally developed for the assessment of
disability in patients with RA [49]. It focuses on 2 dimensions
of health status, physical disability (8 categories), and pain.
The 8 categories, reviewing a total of 20 specific functions,
evaluate patient’s difficulty with activities of daily living
over the past week. The 8 categories include dressing and
grooming, arising, eating, walking, hygiene, reaching, grip-
ping, and errands and chores. It also identifies specific aids
or devices utilized for assistance, as well as help needed from
another person. The HAQ has been modified for spondy-
loarthropathies (HAQ-S), which includes 2 spinal domains
(SPAR1 and SPAR2) [50]. It has also been further modified
for psoriasis (HAQ-SK) [51]. Both the HAQ-S and HAQ-SK
scores were shown to perform similarly to the original HAQ
score [52], suggesting that neither the spinen or the skin
related questions enhance the assessment of health status
provided by the original HAQ.

The SF-36 is a generic health assessment questionnaire
intended to measure general health concepts not specific
to any age, disease, or treatment group [53]. It measures 8
health domains: physical functioning, pain, vitality, social
functioning, psychological functioning, general health per-
ceptions, and role limitations due to physical and emotional
problems. It also can be subdivided into two summary scores,
the physical component summary and the mental compo-
nent summary scores. This instrument has been validated in
PsA [54]. It was found to be reliable in patients with PsA and
could be used to distinguish PsA patients from the general
population.

PsAQoL is a 20-item, PsA-specific health-related QOL
instrument. It has shown reliability and construct validity,
but its use in clinical trial has not yet been published [55].

DLQI is a 10-item questionnaire developed as a measure
of disability for a wide range of dermatological conditions
[56]. It has been validated in assessment of psoriasis and
shows discrimination and responsiveness in PsA trials [57–
59].

The EQ-5D is comprised of a 5-dimension set of health
status measures and a VAS [60]. The 5 dimensions are mobil-
ity, self-care, usual activities, pain/discomfort, and anxiety/
depression. Each dimension has 3 levels: no problems, some
problems, and extreme problems. The VAS records the res-
pondent’s self-rated health on a 20-centimeter vertical VAS
where the endpoints are labelled “the best imaginable health
state” and “the worst imaginable health status.” The EQ-5D
has shown discrimination and responsiveness in PsA trials
[60].

Currently, there is no single generally agreed upon defi-
nition or conceptual model of health-related quality of life.
The choice of the different measures of health-related quality
of life in PsA depends on its content, respondent burden,
administrative burden, translation and adaptations, accept-
ability, reliability, validity, and ability to detect change.
PsAQoL is the only measure specific to PsA. It is now being

used for randomized controlled trial, from which more will
be learned about its performance characteristics.

11. Fatigue

Fatigue in varying degrees is a frequent, often debilitating
problem that significantly affects patients’ lives. Fatigue can
be constant and persistent, or fluctuating and unpredictable.
Several scales have been used to assess fatigue in rheumatic
diseases, including the Fatigue Severity Scale (FSS) [61], the
Functional Assessment of Chronic Illness Therapy-Fatigue
(FACIT-F) [62], the Multidimensional Assessment of Fatigue
(MAF) [63], the Multidimensional Fatigue Inventory (MFI)
[64], the Profile of Fatigue (ProfF) [65], the Short Form
36 Vitality Subscale (SF-36 VT) [53] and the Visual Analog
Scales for Fatigue [66]. A modified version of the FSS has
been validated in PsA [67]. The FACIT-F was validated in
a Toronto PsA cohort study. It correlated well with the
modified FSS, showing high internal consistency, test-retest
reliability, criterion, and construct validity [68].

Currently no single measure is favoured in use for PsA
patients. The area of fatigue measure in PsA still needs to be
further studied.

12. Composite Measures

A composite measure is a one way of assessing all relevant
clinical outcomes in a single instrument. It incorporates sev-
eral dimensions of disease status, often by combining these
different domains into a single score. Given with the large
number of domains that may be affected in a single patient
with PsA, developing a comprehensive composite measure is
a major challenge. The GRAPPA and the society OMERACT
are working on the development of composite measures
of disease severity and responses to therapy that take into
account most of the disease domains.

Disease Activity for Psoriatic Arthritis (DAPSA) was
adapted from the Disease Activity Index for Reactive Arthri-
tis (DAREA) [69], a score developed and validated for reac-
tive arthritis. DAPSA was developed from a clinical cohort
[70] and validated using clinical trial data [71]. It comprises
68 tender and 66 swollen joints count, patient global, pain,
and C-reactive protein level (Table 2). The composite score
is a simple sum of the scores. Skin assessment was excluded
because it did not reach statistical significance.

The Psoriatic Arthritis Joint Activity Index (PsAJAI)
was developed from pooled data from randomized clinical
trials of antitumor necrosis factor agents in PsA [72, 73]. A
response is defined as a 30%-improvement in six measures
with weights of 2 given to tender and swollen joint counts, C-
reactive protein, and physician global assessment of disease
activity (Table 2). Weights of 1 are given to pain, patient
global assessment of disease activity, and the HAQ.

Composite Psoriatic Disease Activity Index (CPDAI)
was a domain-based measure [74]. Disease involvement is
assessed in up to 5 domains: peripheral arthritis, skin, enthe-
sitis, dactylitis, and spinal manifestations (Table 2). For each
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Table 2: Clinical domains included in composite measures in PsA.

Peripheral
arthritis

Pain
Patient global

assessment
Physician global

assessment
Skin Enthesitis Dactylitis Spine disease HAQ CRP

DAPSA Yes Yes Yes Yes

PsAJAI Yes Yes Yes Yes Yes Yes

CPDAI Yes Yes Yes Yes Yes Yes Yes

DAPSA: Disease Activity for Psoriatic Arthritis; PsAJAI: Psoriatic Arthritis Joint Activity Index; CPDAI: Composite Psoriatic Disease Activity Index; HAQ:
Health Assessment Questionnaire; CRP: C-reactive protein.

domain, instruments are used to assess both the extent of dis-
ease activity and the effect of involvement in that domain on
patients’ function and health-related quality of life. Domains
are scored from 0 to 3, with empirical cutoffs for disease
severity/activity proposed in each one, largely based on the
literature. Individual domain scores are summed to give an
overall composite score (range 0–15) [74].

The CPDAI has been validated in a large clinical trial
dataset Psoriasis Randomized Etanercept Study in Subjects
with Psoriatic Arthritis (PRESTA) [75]. In PRESTA, 752
patients were randomized to a double-blind, 2-period study
that evaluated the safety and efficacy of 2 doses of etanercept
on skin and musculoskeletal disease. Joint responses were
equally determined by both the CPDAI and the DAPSA
composite scores; but it was only the CPDAI, which also
encompasses other domains including skin, enthesitis, and
dactylitis, being able to discern the global treatment response
between the 2 etanercept doses. This demonstrates that the
CPDAI is a more sensitive instrument to detect changes in
the different domains of disease activity in PsA.

13. GRACE Project

In an attempt to develop new composite outcome measures
for PsA, the GRAppa Composite Exercise (GRACE) project
has been developed following the GRAPPA annual meeting
in 2008. This is a long-term project with longitudinal
observational data which are being collected on a large
cohort of PsA patients at multiple centres internationally. To
date, baseline information on 503 patients with PsA has been
collected [76, 77]. Recently 2 novel indices, Psoriatic Arthritis
Disease Activity Score (PASDAS) and Arithmetic Mean
of Desirability Functions (AMDF) were developed using
multiple linear regression and physician-defined cutoffs for
disease activity, respectively [76]. It is anticipated that further
testing in other datasets including comparison with existing
measures will be done to validate these new instruments.

14. Minimal Disease Activity

Minimal disease activity is a concept that has been defined by
the OMERACT as a state of disease activity deemed a useful
target of treatment by both the patient and physician. Coates
et al. had developed minimal disease activity (MDA) criteria
for PsA using data on 40 patients with the disease and the
expert opinions of 60 rheumatologists and dermatologists
[78]. The goal of the development of this instrument is to

Table 3: Minimal disease activity (MDA) criteria in psoriatic
arthritis.

A patient is classified as in MDA when 5 of the following 7 criteria
are met:

Tender joint count ≤1

Swollen joint count ≤1

PASI ≤1 or BSA ≤3

Patient pain VAS ≤15

Patient global activity VAS ≤20

HAQ ≤0.5

Tender enthesial points ≤1

PASI: Psoriasis Area and Severity Index; BSA: Body Surface Area; VAS: Visual
Analog Scale; HAQ: Health Assessment Questionnaire.

“treat to target,” to achieve disease remission or low disease
activity state. For a patient to achieve MDA, 5 of the 7 criteria
must be met (Table 3). The MDA criteria has been validated
in an observational cohort and 2 infliximab studies of PsA
[79, 80]. They showed patients with active PsA achieving
MDA with effective therapy having a significant reduction in
joint damage radiographic progression.

15. Conclusion

Given with the complexities of the disease nature of PsA,
assessment of disease activity needs to take into account
the core set of domains in order to assess their impact on
the patient and the response to treatment. There are still
considerable controversial issues about the content and per-
formance of composite measures. Efforts by the OMER-
ACT/GRAPPA working group are underway to determine
if composite measures that capture both disease activity
and response to therapy can be developed that effectively
encompass all of the domains. Currently there is great hetero-
geneity in PsA assessment, even since publication of the
OMERACT core set. Better consensus on instruments to
assess each domain of disease activity in PsA is anticipated.
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