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Abstract

Aims: To determine the test-retest reliability and responsiveness of a new computerized 20-

item pain measure, SUPER-KIDZ, in children with juvenile idiopathic arthritis (JIA).

Methods: A single centre prospective cohort study of JIA patients aged 8-18 years was
performed. For each SUPER-KIDZ item, test-retest reliability analysis was done in patients
expected to have stable pain, and responsiveness was evaluated after intra-articular steroid

injection(s).

Results: Fifty-one subjects were included. Good internal consistency (a=0.73-0.92) was
demonstrated for the 3 SUPER-KIDZ domains. Acceptable test-retest reliability (intraclass
correlation coefficient or kappa >0.80) was found for 15 SUPER-KIDZ items. At 2 weeks
post-injection, 16 items were responsive to change in pain (standardized response mean=0.66-

0.82, significant Wilcoxon signed rank and linear mixed model).



Conclusions: The majority of the SUPER-KIDZ items have acceptable test-retest reliability
and responsiveness properties. If validity is demonstrated, this measure could be implemented

as a standardized comprehensive pain tool for JIA patients.
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1 INTRODUCTION

1.1 Juvenile Idiopathic Arthritis
1.1.1 Epidemiology and Classification

Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in childhood,
with an annual incidence of approximately 7 per 100,000 children in Canada [1]. It is
diagnosed in children younger than 16 years of age, with arthritis in one or more joints for at
least 6 weeks, and other causes excluded [2]. Arthritis in JIA is characterized by stiffness, pain
and swelling of affected joints. The disease course of JIA may involve flares of increased
disease activity or chronic persistent joint inflammation, often into adulthood [3, 4]. Various
complications may arise secondary to ongoing disease activity or treatment, including joint

damage and deformity, growth abnormalities, and osteoporosis with fragility fractures [5-7].

JIA represents a heterogeneous group of diseases. The current International League of
Associations for Rheumatology (ILAR) classification of JIA consists of seven subtypes, which
are described in Table 1 [2]. The classification system is based on the predominant clinical and
laboratory features within the first 6 months of disease. It was developed to distinguish
relatively homogeneous, mutually exclusive categories of idiopathic childhood arthritis to aid
in the conduct of research studies. The grouping may also predict, to some extent, homogeneity

of response to therapies.

1.1.2 Management of JIA

The approach to the management of JIA is multi-modal, involving both pharmacologic and
non-pharmacologic therapies. The goal is to intervene as early as possible to reduce joint
inflammation, and ultimately prevent joint damage and preserve daily functioning. Although

there is no “cure” for JIA, disease remission is a realistic outcome.

Drug therapy typically starts with non-steroidal anti-inflammatory drugs (NSAIDs), with the
addition of a disease-modifying anti-rheumatic drug (DMARD) such as methotrexate often
necessary for disease control. Corticosteroids, usually intra-articular and occasionally systemic,
may be used. Intra-articular injection of triamcinolone-hexacetonide has been shown to have

positive and long lasting effects in JIA [8]. If patients fail to respond to these therapies,



biologic agents such as anti-tumor necrosis factor alpha agents (e.g. etanercept) are introduced.
These agents target key cytokines implicated in the pathogenesis of JIA. Response to therapy
has been defined as percent improvement in at least 3 of 6 core response variables including:
physician global assessment of disease activity (10-cm visual analogue scale [VAS]), parent or
patient global assessment of well-being (10-cm VAS), number of active joints, number of

joints with reduced range of motion, functional ability, and erythrocyte sedimentation rate [9].

Non-pharmacologic therapy includes physiotherapy with range of motion exercises, stretching,
and strengthening. Aerobic exercise is felt to be beneficial and, although a therapeutic effect
has not been demonstrated, it is certainly felt to be safe for children with JIA [10, 11]. In
addition, the use of splinting and orthotics can correct deformities, malalignment, and decrease
pain [12]. Nutrition is another important component of overall management, particularly

ensuring optimal calcium and vitamin D intake to reduce the risk of osteoporosis [13].

Table 1: ILAR Classification of Juvenile Idiopathic Arthritis [2, 14]

Subtype ILAR Criteria Prevalence
Systemic Arthritis in >1 joint, quotidian fever x >2 weeks and
>1 of the following: i) evanescent (nonfixed) 4-17%

erythematous rash ii) enlarged liver or spleen iii)
enlarged lymph nodes iv) serositis

Olgoarticular Acrthritis in 1-4 joints during first 6 months of disease 27-56%
Persistent <4 joints throughout disease course
Extended >4 joints after first 6 months of disease

Polyarticular (RF-) | Arthritis in >5 joints during first 6 months of disease 11-28%

And negative test for RF
Polyarticular (RF+) | Arthritis in >5 joints during first 6 months of disease 2-71%
And >2 positive tests for RF at least 3 months apart
Psoriatic Acrthritis and psoriasis OR arthritis and >2 of: i)

dactylitis ii) nail pitting or onycholysis iii) psoriasis in 2-11%
1% degree relative

Enthesitis-related Arthritis and enthesitis OR arthritis or enthesitis with
>2 of: 1) sacroiliac joint tenderness and/or
inflammatory lumbosacral pain ii) HLA-B27 antigen
iii) onset of arthritis in a male >6 years iv) acute 3-11%
(symptomatic) anterior uveitis v) history of ankylosing
spondylitis, enthesitis-related arthritis, sacroiliitis with
inflammatory bowel disease, Reiter’s syndrome, or
acute anterior uveitis in a 1% degree relative

Undifferentiated Arthritis that fulfills criteria in no category or in 2 or 11-21%
more of the above categories

ILAR= International league of associations for rheumatology; RF = rheumatoid factor



1.2 Pediatric Pain

Pain is defined as an “unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage” [15]. Pain is always subjective.
Each individual learns the application of the word through experiences related to injury in early
life [16]. Acute pain can arise from medical procedures, injury, or acute exacerbations of
disease pain. Chronic or recurrent pain is defined by the American Pain Society as any
prolonged pain that lasts longer than the expected healing time (arbitrarily defined as greater
than three to six months), or any recurrent pain that occurs at least three times throughout a
period of three months [16]. By its nature, chronic or recurrent pain is often difficult to
manage [17]. Acute and chronic pain may occur concurrently. For example, children with
arthritis might experience an acute flare in their pain while living with persistent chronic

arthritic pain.

The underlying construct of pain includes a vast variety of qualities and experiences, not only
pain intensity. Melzack and colleagues eloquently emphasize the complexity of pain and show
that it consists of 3 dimensions: a) sensory-discriminative, b) affective-motivational, and c)
cognitive-evaluative [18, 19]. The sensory-discriminative dimension refers to the intensity,
quality and location of the pain. The affective-motivational aspect captures how one feels when
in pain, the emotional arousal related to pain and its aversive effects. The cognitive-evaluative
dimension reflects cognitive pain behaviours, suffering, and the individuals’ perceptions of the
influence of pain on aspects of their health-related quality of life (HRQL) (i.e., pain’s
interference with aspects of physical, psychological, and social functioning). While pain
intensity alone can be a sensitive measure when evaluating pain treatment outcomes [20],
assessing the other dimensions yields a more complete understanding of the pain experience

and how to better address its treatment and control.

Given the multi-dimensional nature of pain, the Pediatric Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (PedIMMPACT) group has described the core domains
that should be measured as outcomes in clinical trials of pediatric chronic or recurrent pain
[21]. They propose that the following 8 domains be considered: pain intensity, physical
functioning, emotional functioning, role functioning, sleep, economic factors, symptoms and

adverse events, and global satisfaction with pain treatment [21]. A key point is that pain should



be assessed comprehensively, including some determination of the extent of pain interference,

and, as such, a pain measure should capture this multi-dimensionality (section 1.3.5).

1.3 PaininJIA
1.3.1 Prevalence of Pain in JIA

Pain is the most common and distressing symptom in JIA [22, 23]. There has been significant
debate in the literature about pain in JIA owing to early reports that children with JIA
experience less pain than adults with rheumatoid arthritis [24, 25]. However this is likely due
to the fact that young patients express pain differently compared with adults, and that they
were being assessed with developmentally-inappropriate pain measures [26]. Several studies
have clearly shown that JIA patients do in fact experience significant pain. For example, a
Norwegian study reported that 82% of JIA patients report daily pain lasting a mean of 4.3
hours [27]. In an American study of children with polyarticular JIA, 76% of children reported
pain on more than 60% of days despite being treated with disease-modifying therapy [28].
Seventy-seven percent of North American pediatric rheumatologists acknowledge that children
with arthritis continue to have clinically significant pain despite adequate doses of NSAIDs and
DMARDs [29].

1.3.2 Etiology and Predictors of Pain in JIA

The etiology of pain in patients with JIA is multifactorial, and is not completely understood.
Contributing factors include the disease process itself, which may lead to peripheral and central

sensitization, as well as cognitive-behavioural, emotional, and environmental influences.

Joint inflammation results in disruption of cellular membranes, and creation of arachidonic
acid and prostaglandins (eg. PGE1, PGI2), which sensitize pain nociceptors in the joint capsule
and periosteum [30]. The pain signal is initiated by histamine and bradykinin, both of which
are also released during inflammation. Small unmeylinated sensory nerves carry the pain signal
to the dorsal ganglia and higher order neurons of the central nervous system. Peripheral
sensitization may occur due to local factors at the site of the inflamed joint [31]. Synovial fluid,
tissue edema and increased blood flow lead to increased intra-articular pressure, which further

triggers the nociceptor fibres. In addition, previously silent nociceptive fibres become involved



due to the inflammation. Nerves in the synovium also contain substance P, which not only

contributes to pain, but may also contribute to maintaining the inflammatory process.

Interestingly, pain reported by children with JIA does not appear to be fully explained by
disease activity and inflammation [32-34]. Studies have suggested that JIA patients may
develop a generalized reduced pain threshold. Hogeweg et al showed that patients with active
arthritis have a significantly lower mean pain threshold than JIA patients in remission, but that
both groups have lower pain thresholds compared with healthy controls [35]. Pain thresholds
were found to negatively correlate with pain VAS and the functional component of the child
health assessment questionnaire (CHAQ). Thus, it appears that ‘central sensitization’ may play
arole in the pain experience in JIA. That is, repetitive nociceptive input from joint
inflammation produces alterations in the response properties of second-order neurons in the

dorsal horn, which results in an increased responsiveness within the spinal cord [36].

There is also evidence for the contribution of cognitive-behavioural factors to pain perception
in patients with JIA. Schanberg et al have demonstrated that increased use of pain coping
strategies (e.g. distraction) and decreased catastrophizing (i.e. negative thinking about pain)
lead to significantly lower pain ratings [23]. Cognitive health beliefs such as increased
disability and harm, and decreased control also appear to be important predictors of increased
pain [37, 38]. In addition, data show that daily fluctuations in mood and stress level
significantly impact reported pain, stiffness and fatigue [39]. Similarly, impaired regulation of
negative emotions in children with JIA has been shown to predict higher reported pain
intensity and functional limitation [40]. Environmental influences such as increased parental
pain experiences tend to correlate with higher reported pain in their children [41]. Also
important is parental response to their child’s pain, with studies showing that responses
promoting self-management and coping are more beneficial than those reinforcing illness
behaviours in children [42]. These findings support the idea that disease activity accounts for
only part of the pain experienced by children with JIA, and that cognitive-behavioural,
emotional, and environmental factors should be considered when measuring and managing

pain in this population.



1.3.3 Consequences of Pain in JIA

Pain is associated with decreased HRQL in children with JIA [43-47]. Interestingly, HRQL in
children with JIA appears to be primarily explained by pain intensity, functional disability,
missing school and burden of taking medications, rather than with disease activity level [47].
One study showed that pain intensity of >3.4/10 is one of the strongest predictors of poor
physical well-being (odds ratio [OR] = 2.5 [1.8-3.5]), and is the single strongest predictor of
poor psychosocial well-being (OR=4.7 [2.0-7.6]) [44]. Greater pain intensity is associated with
greater functional disability and activity limitation (correlation=0.67) [40, 48], which in turn
also impacts HRQL [44, 46].

Pain and discomfort can impede self-care activities, impair leisure and physical activities, and
disrupt school attendance and sports participation [28]. Increased pain is also correlated with
higher scores on depression scales [49], as well as poor sleep and fatigue in patients with JIA
[50, 51], and these relationships may be bidirectional. Even a small reduction in pain (i.e. 0.82
cmon 10 cm VAS) is associated with improved quality of life in JIA patients [52]. A recurrent
theme in qualitative studies is that unrelenting and unpredictable pain leads to youth with JIA
feeling different, fearful, frustrated and powerless [53]. In addition, many youth report
frustration and hurt due to lack of empathy and understanding from others who cannot see their

“invisible” arthritis pain and symptoms [53].

1.34 Management of Pain in JIA

There are no evidence-based guidelines specific to the management of acute or persistent pain
in JIA. Reviews on this topic suggest a multi-disciplinary approach starting with early and
aggressive control of underlying joint inflammation. Additional pharmacologic therapy may
include the use of analgesics such as NSAIDs and acetaminophen, and consideration of opioids
in particularly refractory cases [17, 54-56]. Warm packs, splinting and orthotics can be helpful
in reducing pain and improving mobility. Sleep hygiene is also important given the relationship
of sleep disturbance and increased pain in children with JIA [50, 51]. If accessible, cognitive
behavioural therapy (CBT) or other psychological therapies may be very effective in reducing

chronic pain in patients with JIA [57].



1.35 Measuring pain in JIA

As discussed above, the construct of pediatric pain is multidimensional and complex, and these
characteristics should be captured by a potential pain measure. The measure should consist of
multiple domains that address the type and intensity of pain, factors contributing to pain, as

well as its impact on function and quality of life.

In the context of JIA, the purpose of measuring pain is to detect clinically significant changes
in pain over time and in response to various interventions to enable optimal pain management.
Thus, according to the methodological framework proposed by Kirshner and Guyatt [58], a
pain assessment tool is ‘evaluative’ in nature. In this case it should contain items that are likely
to change in response to an intervention, and when clinically important improvement or
deterioration occurs. All clinically important effects related to the outcome should be included,
and items with multiple response options (i.e., 7-10 point scales or VAS) are best to enable

detection of change. If possible, items that are unresponsive to change should be avoided.

A pain measure should be consistent with the age and cognitive development of the child. The
term ‘pain’ is an abstract concept, which may be meaningless to children in the pre-abstract
stage of cognitive development [26]; however, when other words (e.g. sore, aching, stinging)
are used, these sensations are endorsed [59]. At younger than 4 years old, children are not able
to report about pain intensity or negative emotions from pain [60]. Children aged 4 and older
are able to self-report, but those aged 4-7 years can typically report only on pain intensity and
location [20, 61]. Thus, parent and or health care provider proxy-reports are often necessary for
this age group. Older children (>8 years) are able to use VAS scales and to report on the impact
of pain in their daily life [20].

1.3.6 Existing Pain Measures for JIA

This section briefly reviews the pain measures that exist for use in JIA population (Table 2).

1.3.6.1 Pediatric Pain Questionnaire

James W. Varni and Karen L. Thompson developed the Varni/Thompson Pediatric Pain
Questionnaire (PPQ) in 1985 for the assessment of musculoskeletal pain in children aged 4-16
years. Interestingly, it was never officially published [62]. The measure consists of 6 items,

including pain intensity (VAS), a body outline for location, and asks the child to choose words
;



that best describe their pain and how they feel when in pain. The parent version includes a
question about pain interference. Eleven years after its development, the researchers carried out
validation studies for test-retest reliability (over 6 months) and construct validity in children
with rheumatic diseases aged 8-16 years [63]. However, only the pain intensity ratings were
tested, and no a priori hypotheses were made. Feasibility and responsiveness have not been

evaluated. The PPQ does not appear to be routinely used in clinical practice [17].

1.3.6.2 e-Ouch© Multidimensional Pain Diary

The e-Ouch© multidimensional pain diary is an electronic pain diary accessible via a portable
handheld device and is designed to obtain pain ratings from adolescents with JIA 3-times per
day [64]. The e-Ouch®© not only collects data related to pain intensity, but also pain
unpleasantness, pain interference (i.e., impact of pain on mood, sleep, walking, relationships
and enjoyment of life) and perceived control over pain. By virtue of its electronic data-capture
method allowing for immediate ratings of current pain status, it is not subject to recall bias.
The e-Ouch®© diary has been shown to be a valid and responsive assessment modality [65],
although reliability has not been assessed. However, analysis of the data from the eOuch©
diary requires complex statistical analyses [66]. To date this tool has only been used in clinical

research and has not be employed to track musculoskeletal pain in routine clinical practice.

1.3.6.3 Pediatric Quality of Life Inventory and Childhood Health Assessment
Questionnaire

The Pediatric Quality of Life Inventory (PedsQL-Rheumatology module) is a validated
measure for HRQL in the pediatric rheumatology population [67]. It contains 4 items
evaluating ‘pain and hurt’, but it is meant to be used as a broader assessment of all components

of HRQL, not only pain.

The Childhood Health Assessment Questionnaire (CHAQ) primarily measures the ability of a
child to function in 8 areas of daily life (disability index) with one question about pain intensity
on a 100 mm VAS (discomfort index) [68]. Reliability and construct validity have been
established for the disability index but not the discomfort index.



While they provide valuable information about HRQL and functional ability, the PedsQL and
CHAQ on their own are inadequate for comprehensive pain assessment as they assess only

pain intensity, and not the affective or evaluative aspects of the pain experience.

1.3.6.4 Standardized Universal Pain Evaluations for Rheumatology Providers for
Children and Youth (SUPER-KIDZ)

The above pain measures for children with JIA are either not comprehensive (PPQ, PedQL,
CHAQ) or not developmentally appropriate for the full pediatric age-range (PPQ, eOuch®©). In
response to this gap in clinical care, the Childhood Arthritis and Rheumatology Research
Alliance (CARRA) (a group of 280 pediatric rheumatologists across North America committed
to research for the prevention and therapy of childhood rheumatic diseases) supported its Pain
Subcommittee to develop a new comprehensive online pain measure for children aged 4-18
years with rheumatic disease, called the Standardized Universal Pain Evaluations for
Rheumatology Providers for Children and Youth (SUPER-KIDZ). This multi-dimensional tool
consists of 3 developmentally appropriate versions. The development and feasibility testing of
the SUPER-KIDZ tool is described in detail in section 1.5. The focus of the current study is to
determine the reliability and responsiveness of the SUPER-KIDZ pain measure in the JIA

population. As such, measurement theory is first presented in section 1.4.



Table 2: Summary table of pediatric pain measures for children and youth with JIA ([66])

Measure | Content Respondent | Adminstra- | Reliability Validity Responsive- | Strengths Cautions
burden tive burden ness
PPQ Pain intensity (2 10-15 min 5 min to ‘Moderate Concurrent Not assessed | Body location Not
items, VAS), body hand score | stability’ validity includes pain development-
outline, words with simple | established intensity scoring | ally appropriate
describing pain (3 correlation (VAS, 8-16 for <8 years.
items). Parent (VAS, 8-16 | yrsonly) No functional
version has yrs only) guestions in
interference item child version.
eOuch© | Sensory, 3 daily pain | Computer Not assessed | Construct Detected Comprehensive, Challenging
electro- interference, ratings, total | algorithm validity change in no recall bias, data analyses.
nic pain unpleasantness, 9 min for scoring established painin feasible in home | Only for
diary fatigue, stiffness, adolescents | setting adolescents.
control over pain undergoing
(VAS scales) joint
injection
PedsQL | Pain and hurt scale | Whole Scored by Cronbach’s | Construct Detected Developmentally | Primarily
(4 items, ordinal PedsQL hand alpha validity change in appropriate for intended for
scale) takes 10 min established patients ages 4-18 HRQL
undergoing assessment
treatment
CHAQ Discomfort index: | Whole Scored by Only for Only for Not assessed | Parent-proxy Primarily
pain intensity VAS | CHAQ takes | hand disability disability version available | intended for
5-10 min index index functional
assessment
SUPER- | Sensory (NRS), 3-4 min, Paper print- | Test-retest Construct Responsive- | Comprehensive; Still need to
KIDzZ fatigue, cognitive- | complete out; scoring | reliability validity ness after developmentally | determine
evaluative, online algorithm under study | under study | joint appropriate for scoring
affective (ordinal TBD injection ages 4-18;

scales)

under study

feasible in home
setting

PPQ=pediatric pain gquestionnaire; PedsQL=pediatric quality of life inventory-rheumatology module; CHAQ=child health assessment

guestionnaire; SUPER-KIDZ=standardized universal pain evaluations; VAS=visual analog scale; NRS=numerical rating scale
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1.4 Concepts of Measurement

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” [69]. Prior to developing or choosing a clinical
measurement instrument, one must clearly specify the underlying construct to be measured, the
purpose of measuring it, and the population in which you want to measure it (as described in
Section 1.3.5). Once it is developed, the tool must be validated.

141 Validation of a health status measure

Prior to its implementation into clinical practice, a health status measure should be pre-tested in
a small group of users to ensure comprehensibility and relevance [70]. Feasibility should be
assessed, with consideration given to ease of use, and minimal 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.

Measurement instruments must also be assessed with regards to several measurement
properties including reliability, validity, responsiveness and interpretability (Table 3) [71].
Briefly, reliability may refer to properties such as internal consistency, reliability (inter-rater or
test-retest), or measurement error. The goal is to determine the amount of variance of a
measurement that is due to systematic and random error, as opposed to “true” variance between
patients. Face and content validity are an assessment of the reasonableness of the items in the
measure, and whether they cover all aspects of the underlying construct. Construct validity
evaluates hypothesized relationships of the measure under study and other measures, and
criterion validity is assessed when there is a gold standard for comparison. Responsiveness
refers to whether an instrument is able to detect change when it has occurred, while

interpretability is the ability to assign significance to the measure’s scores or change in scores.

Reliability and responsiveness are discussed in more detail in sections 1.4.3 and 1.4.4 below

since they are the focus of the current study.
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Table 3: Definitions of domains of measurement properties. Adapted from COSMIN
taxonomy [71].

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 error 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 appear as 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

1.4.2 Reliability and Related Concepts
1421 Internal consistency

Internal consistency is defined as the degree of inter-relatedness among items in a
unidimensional scale or subscale of an instrument [71]. It is a measure of the extent to which
items assess the same construct. The item-total correlation (ITC) and Cronbach’s alpha (o) are

commonly used parameters for assessing the internal consistency of a scale.

ITC is the correlation of each item with the sum of the remaining items [72]. It gives an

indication of whether an item can discriminate between patients with higher or lower levels of
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the construct being measured. If an item has an ITC of less than 0.3, it is not able to distinguish
between mildly and highly affected patients [73].

Cronbach’s a measures the correlation between the items on the (sub)scale, to see how much
they are associated [72]. Calculating Cronbach’s a as items are sequentially eliminated from
the scale can help to determine which items might not be well correlated with the other items in
the scale (i.e. the o would increase). An accepted guideline for the value of Cronbach’s a is
between 0.70 and 0.95; a value higher than 0.95 may indicate redundancy of items [74]. It is
important to note that the value of Cronbach’s a is highly dependent on the number of items in
the scale. With a large number of items, it may have a high value, despite rather low inter-item

correlations [74].

Cronbach’s o is based on a Pearson covariance matrix, and if the data are not continuous the
matrix may be distorted. If assumptions are violated, the reliability estimate can be

substantively deflated. In the case of non-continuous data, it is preferable to use a polychoric
correlation matrix to calculate an ordinal reliability coefficient alpha (o)) which gives a more

accurate estimate of a for ordinal data [75].

1.4.2.2 Reliability

There are several sources of variance in a measurement including biological variability,
instrumentation, error by the subject, and error by the tester. Reliability is defined as the
proportion of the total variance in measurements that is due to the “true” differences between

subjects [74], and can generally be calculated as follows [76]:

Reliability = between-subjects variance (Equation 1a)
(between-subjects variance + error variance)

or Reliability = o5 / (05*+ og2) (Equation 1b)
Where os” = between-subjects variance, cg> = €rror variance

Thus, if measurement error is small in comparison with variability between subjects, the
reliability parameter approaches 1. For continuous variables, reliability can be quantified by
the intra-class correlation coefficient (ICC), wherein the error variance can be differentiated
into ‘facets of interest’, such as variance between raters (as in inter-rater reliability) or trials (as

in test-retest reliability) [72]:
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ICC =652/ (032 + o072 + Grez) (Equation 2)

Where os” = between-subject variance, 61> = variance of facet of interest (e.g. rater, trial) and

o> = residual error variance

The necessary variance estimates for the calculation of the ICC are derived from a repeated-
measures analysis of variance (ANOVA). Shrout and Fleiss describe 3 models of reliability
parameters according to how the raters (or trials) are chosen and assigned to the subjects (total
of 6 ICCs) (Table 4) [77]. In order to choose the correct ICC, the first decision is whether a
one- or two- way ANOVA is appropriate for the study design. If a different rater (trial) judges
each subject (i.e. no interaction between the subject and the raters [trials]), then a one-way
ANOVA is appropriate, and the overall variance is simply partitioned into between-subject and
within-subject variance (Model 1). The ICC calculation follows Equation 1b above [76].
However, if the same rater (trial) judges each subject, they are not independent (Models 2 and
3). In this case, a two-way ANOVA is required to account for the interaction between subjects
and raters (trials) by partitioning the within-subject variance into a between-rater (trial)
variance and a residual error variance. The ICC calculation then follows Equation 2 above. A
second consideration is whether the factor being studied (raters or trials) is considered a
random-effect or a fixed-effect [77]. In the former case, the factor is a random sample of the
possible levels of this factor (Model 2), while in the latter only a single level or fixed set of
levels is of interest (Model 3). Mathematically, Model 2 assumes that both a) the differences
between the raters’ mean score and population mean and b) the interaction components for
each subject and rater, are mutually independent and normally distributed, whereas Model 3
constrains that the sums of these variables be zero. Lastly, for each of the three models, there is
a choice depending on whether one is interested in the reliability of a single rating or of a mean
of several ratings. The latter simplifies the ICC calculation and is always greater in magnitude
than the ICC for single scores [76, 77].

For the purposes of our test-retest reliability study, the factor of interest is the effect of the trial
(administration of the SUPER-KIDZ measure), which is done the same way for each subject.
That is, there may be a systematic effect or interaction between the manner in which the
questionnaire is administered and the subjects’ responses, and they are not independent (thus

Model 1 is not appropriate). In addition, this set of trial circumstances is not the only type of
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interest, as we wish to implement the questionnaire into all clinical settings. Thus, a fixed-
effect model (Model 3) is inappropriate. Lastly, we are interested in the reliability of single
scores, not means. According to the above discussion, the ICC of choice is a two-way random-
effects model or Shrout and Fleiss ICC (2,1) [76]. A two-way ANOVA partitions the within-
subject variance into variance due to the trial and the unexplained error variance. The random-
effects layout means that the interaction component of the variance contributes additively to
each expected mean squares [77]. The mean squares from the ANOVA are used to calculate

the ICC parameter as follows:
ICC (2,1) = (BMS — EMS) / (BMS + (k-1)*EMS + k(RMS-EMS)/n) (Equation 3)

Where BMS = between-subjects mean square, EMS = error mean square, RMS = between-

trials mean square, k = number of trials, n = number of subjects tested

Table 4: Summary of intraclass correlation coefficient (ICC) models (adapted from Weir, 2005

[76])

Shrout & Fleiss nomenclature Type of ANOVA Single or mean scores
Model 1 ICC (1,1) 1-way random Single
ICC (1,k) 1-way random Mean
Model 2 ICC (2,1) 2-way random Single
ICC (2,k) 2-way random Mean
Model 3 ICC (3,1) 2-way fixed Single
ICC (3,k) 2-way fixed Mean

Where k=number of ratings used to form the mean

Interpretation of the ICC is controversial and universal standards are difficult to define.
Generally an ICC of 0.70 to 0.75 is acceptable for interpretation of scores at a group-level [73,
78]. Higher values, ideally exceeding 0.9, are typically required for individual decisions [72].
However, in the case of pain, which is a dynamic construct that can fluctuate over hours, an
ICC of 0.8 may be more realistic [61, 79]. It should also be noted that, given the way it is
calculated, the magnitude of the ICC is dependent on the degree of variability in the data. Thus,

a lack of variability in subjects’ scores will result in a smaller ICC [72].

For categorical variables or ordinal data, an ICC cannot be calculated, and reliability is
assessed by measuring agreement [72]. Percent agreement is calculated as the number of exact
agreements divided by the number of possible agreements. However, it does not take into

account that some portion of the agreements may occur by chance. A more meaningful
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parameter is Cohen’s kappa, which assesses agreement between scores while adjusting for
agreement expected by chance. Thus the magnitude of kappa is generally smaller than percent
agreement. Cohen’s kappa is calculated by subtracting the expected agreement (Pe) from the
observed agreement (P,) and then dividing by the amount of agreement that can be maximally
reached beyond chance [74]:

K=(Po—Pe)/ (1—Py) (Equation 4)

When there are more than 2 ordered categories a weighted Cohen’s kappa is appropriate to
more heavily penalize misclassifications between more distant categories. If a cross-table is
constructed with i scores in rows and j scores in columns, the weighted kappa is calculated as
[74]:

k=1~ ([Zwij X Poij] / [Zwij X Pejj]) (Equation 5)

where summation is taken over all cells (i,j), wij is the weight assigned to cell (i,j), and Py;j and
P.ij are the observed and expected proportions of cell (i,j), respectively. The most common way
to assign weights is to treat the scale as an ordinal continuum with equal intervals (‘incremental
weights”) and apply weights in a linear or quadratic manner. Weights can be applied

symmetrically or asymmetrically [72].

Kappa values range between -1 and 1. A kappa of 0 means there is no more agreement than can
be expected by chance. Generally values above 0.4 are considered to be moderate [80]. Values
of kappa depend on the heterogeneity of the sample, and lower kappa values may result in

more homogeneous populations.

1423 Error parameters

The standard error of measurement (SEM) is the standard deviation (SD) around a single
measurement, and provides an absolute index of reliability at the individual subject level [72,
76]. It is related to reliability in that, with a more reliable measure, the distribution of errors is
less variable. In contrast to the ICC, it has the benefit of not being affected by between-subjects
variability, and carries the same units as the measurement of interest. The SEM can be

estimated from the corresponding ANOVA as follows [76]:

SEM = SD V(1-1) (Equation 6)
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Where SD is the standard deviation of the observed test scores at baseline (VSStoral/(n-1) and

I'w IS the reliability coefficient (ICC) for that measurement.

It follows that the standard error of the difference scores (SEgis) is equal to the SEM multiplied

by square root 2 since it is derived from 2 test scores [81].
SEgitr = SD V2(1-ryy) (Equation 7)

The SEM or SEgif is used to define the minimal difference between individual measurements
that can be considered “real” or exceeding the measurement error. If we assume that error
follows a normal distribution, this value, the minimal detectable change (MDC) at a 95%
confidence level, can be calculated using the formula [76]:

MDCgs = V2 x SEM x 1.96 (Equation 8a)
MDCgs = SEgiss X 1.96 (Equation 8b)

Thus, for all subjects whose difference in score on repeated testing is greater than or equal to
the MDCgs, we can be 95% confident that they are not stable patients, given the measurement

error of the test.

1.4.3 Responsiveness

Several definitions for responsiveness are reported in the literature, including: an ability to
measure any change in state (“sensitivity to change”) [82], an ability to measure a clinically
important change (requires judgment of clinical importance) [83], or an ability to detect real
changes in the construct being measured (requires a “gold standard”) [84]. A generally
accepted definition of responsiveness is “the ability of an instrument to accurately detect
change when it has occurred” [85]. Some researchers view responsiveness as part of construct
validity, i.e. testing the validity of the change score in a longitudinal design [83]. It is important
to note that responsiveness is not a fixed property of an instrument, but rather it involves

validating the application of the instrument in a specific test situation.

Evaluation of responsiveness requires that some form of change has occurred. In order to
interpret responsiveness studies, the construct of change being quantified should be identified

to allow responsiveness to be placed in the context of a specific type of change. It is important
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that responsiveness be demonstrated in a context that is consistent with that in which the
instrument will ultimately be used to measure change. The change construct has been defined
by the 3-axis classification system outlined by Beaton and colleagues (Table 5) [84, 86].
Following this framework, one can categorize the type of change they wish to measure
according to the ‘who’, ‘which’, and ‘what’ axes. From there, the appropriate study design and
analysis can be established. The first 2 types of change in the “what” axis are related to the
structure of the scale and boundaries of error. The third type of change has also been called
“internal responsiveness” by Husted et al., and refers to an ability to measure observed change
over time [87]. The latter 2 have been classified as “external responsiveness”, and require a
judgment and/or external measure to determine whether a patient has improved and whether

this is an important improvement from either the patient’s or the provider’s perspective [87].

Table 5: Axes defining construct of change being measured (adapted from Beaton et al [84])

AXis Who are the Which scores are being What type of change is
results presented contrasted? being quantified?
for?

Options o Group-level e Between persons at one e Minimum potentially

point in time

detectable change by

instrument

e Minimum change
detectable given
measurement error

e Observed change in a
given population

e Observed change in
population deemed to have
improved

¢ Observed change in
population deemed to have
an important improvement

e Individual-level | e Within person change
over time

e Between- and within-
person changes (e.g.

RCT)

There are several statistical methods available to determine the magnitude of a change in health
in subjects (Table 6). Most reflect a standardized ratio of observed change to variance. When
compared to each other, different responsiveness indices give different results, and there is no
consensus on the preferred index [82, 88, 89]. Guyatt’s responsiveness ratio (RR) is defined as
the minimal clinically important difference (MCID) divided by the variance in stable subjects
[90]. However, it is limited in practicality because of the need to define the MCID. Effect size

(ES) is a commonly used responsiveness statistic calculated by dividing the mean difference in
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scores (test;-test,) by the SD of baseline scores [91], and the ES index is similar, dividing the
mean difference by the SD of test, scores. These parameters do not incorporate information
about the variance of the change scores. The standardized response mean (SRM) is calculated
by dividing the mean difference in scores by the SD of the difference scores [92]. The ES and
SRM can be interpreted as small (0.2-0.49), moderate (0.5-0.79), and large (>0.8) [92].
However, it is important to keep in mind that the magnitude of the ES and SRM values is
dependent on the type of change being examined, and hypotheses should be specified
accordingly [93, 94]. The paired t test (or Wilcoxon signed rank test for non-parametric data)
can also be used to determine whether the change in scores is statistically significant, but is

influenced by the sample size.

If there are multiple time points, a repeated-measures ANOVA can be used to determine the
main effect of time [95, 96], however this analysis assumes homogeneity of variances and does
not provide information on the magnitude of change. A regression model is more flexible as it
can be generalized to non-linear forms, control for potential confounders, be assessed for
goodness-of-fit, and provide information on the magnitude of change in scores through the beta
coefficients [87, 97]. A linear mixed model is a good choice for repeated measures because it
accommodates heterogeneous variance structures, and is robust for missing data and varying

numbers and timing of time points among subjects [98].

The above methods can be applied to all subjects expected to improve (internal responsiveness)
or to those patients who are judged to have improved or not improved (external
responsiveness), thereby incorporating information from an external clinical or health status
measure [87]. In this case there should be a hypothesis about the expected change and the
responsiveness statistic for those who have reported improvement versus those who have not
improved. There are also several other methods to assess external responsiveness. One
approach is to use an independent t test or ANOVA to compare the change in patients who
undergo an important change with the change in patients who are not expected to change [94].
Another approach is to view a scale’s responsiveness as its ability to discriminate between
those who improve and those who do not, similar to a diagnostic test [99]. An external criterion
such as a global rating of change scale (GRCS) (section 1.4.6) is used as the “gold standard” to
categorize patients according to improvement. A receiver operating characteristic (ROC) curve
is constructed by calculating the sensitivity and specificity of several potential change scores
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for defining improvement compared with the gold standard. The area under the curve (AUC)

represents the responsiveness, thus a larger AUC suggests a more responsive instrument for

that situation.

Table 6: Description of responsiveness statistics used to measure change (from [83, 87, 94])

Type Responsiveness statistic | Calculation Comments
Guyatt’s Responsiveness | RR=MCID/SD of change | Must be able to
Ratio (RR) scores in stable patients | determine MCID
Internal | Effect size (ES) ES=average change/SD | Does not incorporate
(change of initial scores variation in change
expected scores
due to Standardized response SRM=average Must have a priori
treatment | mean (SRM) change/SD of change hypothesis
effect)® scores
Paired t test (or t=average change/(SD of | Similar to SRM but
Wilcoxon signed rank change scores/\n) significance depends on
test*) sample size
Repeated measures F statistic and p-value for | No magnitude of change
ANOVA main effect of time
Regression model p-value for association Beta coefficient=change
between measure and in measure per increment
time of time
Independent t test or t or F statistic and p- Differentiate among
ANOVA of change value patients who are
External | scores of 2 groups expected to change or not
(gold Receiver operating Plot of sensitivity versus | Patients categorized into
standard= | characteristic (ROC) 1-specificity 2 groups according to
change curve area external criterion of
according improvement
to patient | Correlation coefficient* | Pearson’s r or Correlation between
or Spearman’s p* change scores and
provider) change in external

measures of health status

Regression model

p-value for association
between measure and
gold standard

Beta coefficient=change
in measure per unit
change in gold standard

3Can also measure external responsiveness if applied to patients classified as improved or not
improved; ¥often referred to as “longitudinal construct validity”; *if non-normally distributed
data. SD=standard deviation; MCID=minimally clinically important difference; ANOVA=

analysis of variance

Correlation analyses are also used to assess responsiveness, consistent with the idea that

responsiveness be viewed as a component of construct validity (i.e. longitudinal construct

validity). In this case, a Spearman or Pearson correlation is calculated between the change
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scores of the tool being studied and other scores known to represent a change in the clinical
state. Thus correlations are inherently measures of external responsiveness. As with construct

validity, it is important to indicate a priori hypotheses for the expected correlations [78, 99].

As noted above, regression models provide a lot of information regarding the responsiveness of
a measure, not only whether there is a significant difference in scores over time, but also an
estimate of the magnitude of change in score per unit time. These models can also be used to
assess the external responsiveness of a measure by testing whether change in the gold standard
measure predicts change in the measure under study (or vice versa) [87, 100, 101]. In this case,
the beta coefficient represents the magnitude of change in the measure under study

corresponding to a one-unit change in the gold standard.

Often researchers will test a few constructs of change and use several statistical methods to
demonstrate responsiveness. For example, a study by Krahn et al evaluated the responsiveness
of utility measures in prostate cancer patients [100]. They determined the ES and SRM
(internal responsiveness) in the population expected to improve after treatment. They also
constructed ROC curves and used mixed model regression to assess external responsiveness of
the utility measures. Thus, it is reasonable to use several analytic approaches to demonstrate
the responsiveness of an outcome measure for specific situations. In the present study, four
methods are used to evaluate responsiveness in order to allow triangulation of the results: the

SRM, Wilcoxon signed rank test, linear mixed model regression, and ROC curve analysis.

1.4.4 Floor and ceiling effects

Floor and ceiling effects refer to clustering of respondents at the lowest or highest possible
score, respectively. Terwee et al define the presence of floor or ceiling effects if more than
15% of respondents achieve the lowest or highest score [78]. If these effects are present,
patients with the lowest or highest possible scores cannot be distinguished from each other, and
reliability is reduced. These effects also limit the ability of the measure to capture changes in

scores, which may diminish responsiveness.

1.45 Global Rating of Change Scales

As mentioned above, GRCS can be used to qualify a patient’s improvement or deterioration

over time. GRCS have been used in HRQL research since 1989 [102]. GRCS ask the patient to
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assess his/her current health status, recall that status at a previous time-point, and then calculate
the difference between the two [103]. The scale has a midpoint of “no change”, with increasing
degrees of worsening and improvement on either side. In the literature GRCS generally have
between 7 and 15 points, and the optimal number of response options is likely between 7 and
11 points [104]. The GRCS can be used as an external criterion for responsiveness studies by
classifying patients who have improved or not (e.g. ROC curve analysis) [93, 105], and also to
estimate the MCID of HRQL measures by determining the mean change score in patients
indicating minimal change on the GRCS [102]. GRCS have many strengths including high face
validity and a method to identify a change that is meaningful to the patient [103]. Test-retest
reliability and construct validity have been shown to be moderate-high, however
responsiveness is variable (SRM=0.2-2.7) [103, 106]. GRCS measures also have several
limitations, the most important of which is recall bias, and the difficulty that patients have in
judging whether they have changed compared to a past time point [103, 107-109]. GRCS
ratings tend to correlate much more with the current health state rather than the change in
change state. In addition, single-item measures are generally less reliable than multi-item

measures, calling into question their validity as a ‘gold standard’ for comparison [109].
1.4.6.1 Use of GRCS in Pain Assessment

The IMMPACT group recommends including a 7-point GRCS as a core outcome measure in
clinical trials of adults with chronic pain to enable the participants’ assessment of the clinical
importance of their improvement or worsening [110, 111]. A pain GRCS is mentioned but not
formally recommended by the PedIMMPACT guidelines mainly due to lack of data on this
measure in pediatrics [21]. Studies of pain in adults have used 7- or 15- point GRCS to
determine the MCID, longitudinal construct validity, and responsiveness by ROC curve

analysis of various measures of pain intensity and physical impairment [79, 112, 113].

In the present study, a 5-point GRCS is used as an external criterion for change in pain
throughout the course of the study. A 5-point scale was chosen because studies have shown
that the limit of human discrimination is approximately 7 response options (range 5-9 options)
[114], and the lower end of the range was chosen given the wide spectrum of developmental
levels, as has been used in other pediatric studies [115]. The GRCS is used to classify patients
as worse, stable or improved with regards to their pain (Methods section 2.4.5.2).
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1.5 Standardized Universal Pain Evaluations for Rheumatology
Providers for Children and Youth (SUPER-KIDZ)

This section summarizes the previous studies completed to develop and test the feasibility of
the SUPER-KIDZ tool in the JIA population.

151 SUPER-KIDZ development

Consensus methods involving health professionals and consumers were used to develop the
SUPER-KIDZ tool [116]. The measure was developed via a two-phase approach, starting with
a Delphi survey to generate domains and items, followed by a consensus conference to
determine the final items for inclusion. In the first survey, CARRA members were asked to rate
the importance of the 8 PedIMMPACT domains described by McGrath et al [21]. In addition
they were asked to provide additional domains they felt were important and to provide specific
items within each domain. Based on average importance ratings, all domains were retained
except “economic factors”. The second Delphi survey asked respondents to rate the importance
of several items within each domain, and retention was based on an importance rating of at

least 7/10 and level of agreement (free marginal kappa) of at least 0.3 [116].

The second phase of the SUPER-KIDZ development occurred via a 2-day consensus
conference based on the results of the Delphi surveys. Interested pediatric rheumatologists,
pediatric pain experts, allied health professionals and patient representatives participated in a
structured Nominal Group Technique (round-robin voting guided discussion). Consensus
conference discussion yielded general agreement on the following domains and items for
inclusion: 1) pain characteristics (current pain, average pain intensity over past 2 weeks, pain
episode duration, pain frequency, pain location), 2) associated symptoms (fatigue frequency),
3) functioning (physical, social, and role) and 4) cognitive and emotional factors
(catastrophizing, positive affect, sadness, anger, worry, stressors). Participants agreed to omit:
pain sensory descriptors, pain aggravating/alleviating factors, pain unpleasantness, comfort
goal, global pain treatment satisfaction rating, fatigue, appetite, pain self-efficacy, recent peer
group changes or conflicts, and level of independence. Items for the functioning domain were
obtained from the PROMIS pediatric pain interference scale [117]. Items for assessing the
cognitive dimension of pain (pain catastrophizing) were taken from the three highest loading

items on the Pain Catastrophizing Scale for Children [118]. Pain location was captured using a
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body outline from von Baeyer and colleagues [119]. The final measures include a self-report
version for children aged 4 to 7 years, which includes pain intensity and body location only.
The proxy-report version for parents of children aged 4-7 years and the self-report version for
youth (8 to 18 years) consist of four domains, three of which also reflect the Melzack multi-
dimensional conceptual framework for pain [18, 19]: (1) pain characteristics (sensory-
discriminative dimension) (5 items), (2) associated symptoms (1 item), (3) functional
interference and catastrophizing (cognitive-evaluative dimension) (7-10 items), and (4)

emotional functioning (affective-motivational) (4 items) (Appendix 1).

152 Feasibility assessment

It is important to determine the acceptability and feasibility of a clinical measure by pre-testing
in a small group of users [70, 120]. If an instrument is difficult to use, or puts undue burden on
the health care provider or patient, the tool is unlikely to be accepted by medical practitioners

or adopted into clinical care.

Several aspects of the feasibility of the SUPER-KIDZ tool were evaluated in the study by
Stinson et al [116] in which they piloted the tool in pediatric rheumatology clinics on three
mediums: paper, computer and handheld (iPodTouch). A research assistant initially guided the
participants through the tool and no difficulty was noted. The feedback from physicians and
patients was that the tool was easy to use. The administration time is suitable for use in the
clinic setting, taking 3-4 minutes to complete on the computer. There were very few missed
responses in their test group (average of 0.1-0.5 questions overall missed on computer
medium), indicating that the instructions and questions were easy to understand. From an
acceptability point of view, this was evaluated as a comparison of the 3 mediums. Patients least
liked the handheld device because of the difficulty with small screen size especially with the
body diagram. The computer format was the preferred medium by younger children and
physicians; the physicians preferred reviewing the computer printout over the paper version.
Overall, it appears that the SUPER-KIDZ tool is developmentally appropriate, acceptable, and
easy-to-use by patients and physicians in the clinic setting. The next step in the development of

the SUPER-KIDZ measure is to test its measurement properties in the target population.
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1.6 Study Rationale and Relevance

As discussed above, pain is the most common and distressing symptom of children and youth
with JIA, and is associated with a significant burden of illness and impact on HRQOL. A study
by Kimura et al. brought to light the necessity for improvement in pain evaluation and
treatment in children with JIA [29]. Thirty-four percent of pediatric rheumatologists in North
America indicated that pain was not systematically evaluated or documented in the arthritis
patients at their centres. Recently, Lovell et al. recommended assessment of ““arthritis-related
pain” as a quality of care measure in the treatment of children with JIA [121]. These authors
suggest that pain assessment, along with other quality measures, should be routinely
implemented in pediatric rheumatology practices as a means of tracking outcomes and

generating quality improvement indices.

There is currently no standardized comprehensive approach guiding the clinical assessment of
pain in children with JIA presenting to pediatric rheumatologists and other allied health
professionals [29, 122]. There is clearly a need for an innovative and developmentally
appropriate approach to the assessment of pain in patients with JIA. The SUPER-KIDZ tool
represents the first clinically useful pain measure for children and youth with JIA that has been
developed according the multi-dimensional pain construct and will fulfill a long-standing gap
in clinical care in pediatric rheumatology. It has been found to be feasible for use in the clinic

setting, and is well liked by patients and health care providers.

The next step in the development of this tool is to ensure that it is valid for use in patients with
JIA. This involves establishing its test-retest reliability, construct validity, responsiveness, and
interpretability [71]. Given that the tool is to be used for an evaluative purpose, it is very
important to assess test-retest reliability and its responsiveness to change [58], and these
objectives are the focus of the current study. This will ensure confident use of the SUPER-
KIDZ tool to identify stability and change of the pain experienced by patients with JIA,
enabling informed clinical decisions. Construct validity is also critical and is being evaluated

concurrently as part of a larger study.

If the measurement properties (reliability, validity, responsiveness, interpretability) are
established, there is a plan to implement the SUPER-KIDZ pain tool in all CARRA pediatric
rheumatology centres across North America, enabling its use in a large population of patients.
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At the patient level, the SUPER-KIDZ pain tool has the potential to improve the assessment
and management of pain in JIA patients, thereby reducing unnecessary burden and improving
health outcomes. In addition, the computerized measure allows for real-time result read-outs
for the clinicians and patients to use immediately during the clinical visit. It is likely that use of
the SUPER-KIDZ pain tool will increase patient and physician communication about pain at
the clinical encounter, improve patient engagement in decision-making about their pain
treatment plan, and ultimately lead to improved child health outcomes (such as HRQL).
Another benefit of a standardized clinical pain tool is the potential for integration of pain

scores into the patient’s electronic medical record.

The SUPER-KIDZ tool will also be incorporated into the CARRAnNet database, a longitudinal
multicenter multi-disease North American registry for pediatric rheumatology. This will ensure
that pain will be routinely assessed in all pediatric rheumatology patients and enable its use as
an outcome measure for future CARRA studies.

The purpose of this thesis is to investigate the test-retest reliability and responsiveness of the
SUPER-KIDZ tool.

1.7 Objectives and Hypotheses
The objectives of this research study are:

1. To determine the test-retest reliability of the items of the SUPER-KIDZ pain tool when

patients’ pain is stable.

2. To determine the responsiveness of the items of the SUPER-KIDZ pain tool to changes

in patients’ pain after intra-articular steroid injection(s).

This study represents an interim analysis of a prospective study. Acceptable performance of the
SUPER-KIDZ tool is defined as 75% of the individual SUPER-KIDZ items meeting the a
priori criteria specified in the primary and secondary hypotheses (H1-H5) regarding the

measurement properties of these items.

The primary hypotheses to be tested are:
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H1: The reliability parameter for each of the SUPER-KIDZ items (ICC for continuous
variables and weighted kappa for categorical variables) measured at 2 time points when
pain is expected to be stable over the course of one week will be >0.80 and the lower bound
of the 95% confidence interval will be >0.60. This value was chosen based on previous
studies [61, 79] showing that pain measures rarely achieve a value of >0.90-0.95 typically

recommended for individual decision-making [73].
H2: In patients whose pain is expected to improve after intra-articular steroid injection(s),

o a) For continuous variables: the point estimate of the SRM for the SUPER-KIDZ items
will be low to moderate (SRM < 0.5) at one week post-joint injection, and moderate to
high (SRM >0.5 — 0.79) at the second week post-joint injection, and the lower bound

of the 95% confidence interval will be >0 [65].

o b) For ordinal variables: the null hypothesis of the Wilcoxon signed rank test (the sum
of the ranks of the positive difference scores is equal to the sum of the ranks of the

negative difference scores) will be rejected at the second week post-joint injection.

The secondary hypotheses to be tested include:

H3: At baseline, the lower bound for the ordinal reliability alpha between SUPER-KIDZ
items of the same subscale will be 0.70 — 0.95 [78].

H4: In a linear mixed regression model of SUPER-KIDZ item scores before and after joint
injection, there will be a statistically significant improvement in scores 2 weeks after
injection compared to baseline (p-value<0.05 for beta coefficient). The magnitude of

improvement will be greater at 2 weeks compared with 1 week post-injection [65].

H5: In the evaluation of responsiveness using an external criterion for improvement, the
AUC of the ROC curves will be >0.70 [78] and the lower bound of the 95% confidence

interval will be >0.50.
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2 METHODS
2.1 Study design

This research study is the first phase of a prospective study with repeated measures. The
current phase included study set-up (i.e. ethics, funding, training of study personnel, trouble-
shooting online measure) and the initial 8 months of subject recruitment. Consecutive JIA
patients meeting eligibility criteria were recruited from the Pediatric Rheumatology clinic at
the Hospital for Sick Children starting in July 2012. An interim analysis was performed on data

collected until the end of February 2013, and is reported herein.

2.2 Research Ethics Board Approval and Funding

Research Ethics Board approval for this study was obtained from the Hospital for Sick
Children (REB# 1000031623) and the University of Toronto, Toronto, Ontario. Informed
consent, and assent (when appropriate), was obtained from each participant and/or their parent.
No significant harms were identified. All patient information was de-identified and linked to a
unique study identification number. All study materials were stored in locked cabinets in
locked offices of the principal investigator (PI) (J. Stinson). Electronic data was stored in

double-password protected documents.

The study was funded through a Discovery Advancement Program Grant from the Canadian
Arthritis Network (CAN) (P1 J. Stinson, Project code: 11-DAP-14). N. Luca was also partially
funded by a Post-Doctoral Fellowship Training Award from CAN.

2.3 Study Population

2.3.1 Inclusion and Exclusion Criteria

There were two main study groups denoted Group A and Group B. Group A participants were
scheduled for joint injection(s) and included in both test-retest reliability and responsiveness
testing. Group B participants had stable disease management, and were only included in test-
retest reliability testing. We included group B, whom we anticipated would have lower levels

of pain than group A, in order to avoid potential within-subject variance in scores on repeat
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testing due to a “regression to the mean” phenomenon in patients with higher levels of pain

before joint injection [123].

2.3.1.1 General inclusion criteria (Groups A and B): Patients a) between the ages of 4-18

years, b) diagnosed with JIA by a rheumatologist (any subtype), c) have self-reported pain in
the past week, d) have fluency in English and e) have access to a computer.

2.3.1.2 Additional inclusion criteria: Group A — f) scheduled to undergo a joint injection;
Group B — f) no anticipated management changes (test-retest reliability only).

2.3.1.3 Exclusion criteria: Patients were excluded if they had a) a major cognitive or
psychiatric disorder (e.g., developmental delay, depression) that may interfere with ability to
complete SUPER-KIDZ measure, b) other medical disorders (e.g., Crohn’s disease,
fibromyalgia) that may contribute to acute or chronic pain, or ¢) severe vision problems (e.g.,

cataracts, glaucoma) that may interfere with their ability to see the SUPER-KIDZ measure.

2.3.2 Sample Size

Sample size was calculated for each primary hypothesis and the largest was used.

2.3.2.1 Test-retest reliability

For ICC (2,1) and weighted kappa determination, parameters were set to power 80%, alpha
0.05, one-sided test, and 2 observations per patient. A sample of size of 39 is required to reject
the null hypothesis of ICC/kappa of 0.6 if the alternate hypothesis is ICC of 0.8 [124].

2.3.2.2 Responsiveness

For the SRM, two methods were used to calculate the sample size. (1) Using single sample
mean: with parameters set to power 80%, alpha 0.05, and one-sided test, the sample size
required to reject the null hypothesis of SRM of 0 if alternate hypothesis is SRM=0.5 is 36
[125]. (2) Using confidence interval around SRM: with 95% confidence interval set to £0.15
and standard deviation set to 1/\'n, a sample size of 44 is required [125].

For the Wilcoxon signed rank test, the possible values for paired differences in the ordinal
items (5-point scale) are -4 to +4. Thus the range is 8 and this represents the 95% confidence
interval. The SD can be estimated as half the range divided by 1.96 (SD=2.04) [126]. In order
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to detect a difference of 1 in the ranks, the effect size is estimated as 1/SD or 1/2.04 = 0.49. For
80% power and alpha 0.05, the required number of pairs is approximately 34 [127].
2.3.2.3 Final sample size

To account for loss-to-follow-up, we aimed to recruit 50 patients to Group A for each of the
age groups (young [4-7 years] and older [8-18 years]) (Total Group A=100). To broaden the
reliability sample, an additional 30 patients of all ages were added (Group B), for a total of 130
subjects for the complete study.

A planned interim analysis was performed at month 8 of the study when approximately half of
the overall sample size had been recruited.

2.4 Study Procedures

2.4.1 SUPER-KIDZ website set-up

The SUPER-KIDZ tool is hosted on a secure website http://superkidzpain.ca. Study personnel

create unique study identifications (ID) on the administrative site

http://superkidzpain.ca/admin, and this site is also used to verify questionnaire completion and

upload subject responses. Prior to study initiation the website was tested by creating dummy

patients to ensure that responses uploaded correctly.

2.4.2 Hiring and training of study personnel

A clinical research assistant (CRA) was hired for the study. N. Luca trained the CRA on the
theoretical basis for the study and all study procedures including the recruitment process and
data management. The administrative staff of the rheumatology clinic also assisted in

identifying eligible patients under the direction of N. Luca and the CRA.

2.4.3 Recruitment

The CRA prospectively identified eligible patients on the rheumatology clinic and joint
injection lists. The patient’s primary health care provider asked the family if they were
interested in hearing about the study. If so, the CRA met with the family to explain the study
and obtain informed consent and assent (Appendix 2). Recruitment also took place by phone

for patients scheduled for joint injection but who were not coming for a clinic visit prior to the
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joint injection. In this case, the responsible rheumatologist was asked for permission to send an
information letter to the family’s home. The CRA then followed up with the family by phone
to determine interest, and if so, obtained verbal consent and assent. Participants were
compensated with a hospital parking voucher and $5 Tim Horton’s gift certificate, as well as

community volunteer hours for the older children.

2.4.4 Data collection
2441 Initial time point (recruitment)

Demographic and disease-related data were abstracted from the patients’ charts at the time of
recruitment. These included: the patient’s date of birth, gender, diagnosis (JIA subtype),
current medications, number of active joints, and physician global assessment (PGA) of
disease severity on a 10-cm VAS [128] (Appendix 3).

During the recruitment visit, a secure patient account using a unique study 1D was created on
the SUPER-KIDZ administrative website (http://superkidzpain.ca/admin). The CRA guided the

participants in logging into the patient website (http://superkidzpain.ca) and in completing the

measure on a laptop computer. For patients recruited by phone, the secure account was set up
by the CRA and they completed the questionnaire on their home computer. The CRA verified
appropriate completion of the questionnaire on the administrative site.

24.4.2 Timeline for repeated measures

A summary of the study procedures for the two groups and the analytic purpose of each time
point are summarized in Figure 1 and Appendix 4. Group A patients completed the SUPER-
KIDZ tool at five time points: 1 week prior to their joint injection, the day before their joint
injection, and then 1, 2, and 3 weeks after their joint injection. The day before the joint
injection was used instead of the day of the injection due to the possibility of the patient being
anxious on the day of the injection. Group B patients completed the SUPER-KIDZ tool at two
time points: in clinic and then one week later (test-retest reliability only). At each time point,
participants also completed a global rating of change scale for pain between testing times (i.e.
over 1 week) on a five-point ordinal scale, called the Five-Point Global Rating for Change in
Pain (GRCP) (see 2.4.5 Measures, below).
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For the repeated measures, the CRA contacted patients by either email or telephone to remind
them to complete the SUPER-KIDZ questionnaire and the GRCP at the specified time points.
A 1-week time period between measurements was chosen as it is long enough to see a
difference after joint injection [65] but also short enough that clinical status is unlikely to
change in the case of reliability testing [89]. For practical reasons we accepted a minimum of 3

days and maximum of 10 days between the time points.

Figure 1: Schematic timeline of time points for the different study groups

1 week pre-JI Day before J1 1 week post-JI 2 weeks post-JI 3 weeks post-J1

SUPERKIDZUUPERKIDZ\}UPERKIDZ USUPERKIDZ UUPERKIDZ

GRCP GRCP GRCP GRCP
Expect: stable improve improve stable
Group Apl‘t‘-p().\l
Group A
Clinic visit | week later

SUPERKIDZ\}SUPERKIDZ

GRCP
Expect: stable

l l

Group B

Ji=joint injection; GRCP=global rating of change in pain

For Group A, two sets of time points were considered for test-retest reliability: 1) 1-week pre-
joint injection and day before joint injection and 2) 2- and 3- weeks post-joint injection. In
some cases, Group A patients were missing the 1-week pre-joint injection time point due to
recruitment too close to the date of joint injection (less than 3 days). Thus, we defined two
groups within Group A according to whether all time points were completed. Participants who
completed all time points were labeled Group Apre-post.- Those who were missing the 1-week
pre-joint injection time point were labeled Group Agest. FOr Group Apest, only the data from
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weeks 2 and 3 post-joint injection were used for test-retest reliability analysis. For Group B,

the initial and 1-week responses were used for test-retest reliability. Responsiveness was

assessed in Group A through comparison of both the 1- and 2- week post-joint injection time

points to the responses on the day prior to the joint injection (Figure 1).

2.4.5

2451

Measures

SUPER-KIDZ Pain Tool

The SUPER-KIDZ pain tool (Appendix 1) is administered online and takes approximately 3-4

minutes to complete [116]. There are three versions: self-report for patients aged 4-7 years,

parent-proxy for parents of children aged 4-7 years, and self-report for patients aged 8-18

years. The older child version was used for this study and consists of 20 questions (Table 7).

Table 7: Summary of the 20 SUPER-KIDZ Items

Item | Question Domain Melzack
Dimension
Q1 | How much pain do you have right now? Pain characteristics Sensory-
Q2 | If you had pain in the past 7 days, how much did it discriminative
usually hurt?
Q3 | On how many days did you have pain in the past 7
days?
Q4 | If you had pain in the past 7 days, how long did it
usually last?
Q5 | Select all the parts of your body where you have
had pain in the past 7 days
Q6 | In the past 7 days, how often have you felt tired? Assoc’d symptoms -
Q7 | I had trouble sleeping when | had pain Evaluative
Q8 | It was hard for me to pay attention when | had pain Interference
Q9 | It was hard to stay standing when | had pain (Physical, social
Q10 | It was hard to have fun when | had pain and role
Q11 | I had trouble doing schoolwork when | had pain functioning)
Q12 | It was hard for me to walk 1 block when | had pain
Q13 | It was hard for me to run when | had pain
Q14 | I kept thinking how much | wanted the pain to stop Cognitive
when | had pain
Q15 | I was afraid that the pain would get worse when |
had pain
Q16 | I felt I couldn’t stand it anymore when I had pain
Q17 | How often did you feel sad in the past 7 days? Emotional Affective-
Q18 | How often did you feel angry in the past 7 days? functioning motivational
Q19 | How often did you feel cheerful in the past 7 days?
Q20 | How often did you feel worried in the past 7 days?
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The SUPER-KIDZ questions reflect the three dimensions described by Melzack [18, 19] and
are categorized into four domains: characteristics of pain (sensory-discriminative dimension)
(Q1-Q5), associated symptoms (fatigue) (Q6), interference (cognitive-evaluative dimension)
(Q7-Q16), and emotional functioning (affective-motivational) (Q17-Q20). Items are answered
using 5-, 7- or 11- point scales, except for the body diagram (click on area(s) of pain). Pain
intensity is calculated for current pain (Q1) and average pain (Q2) experienced over the
previous week on an 11-point numerical rating scale, and given a value from 0 to 10. Pain
frequency (Q3) and duration (Q4) are scored on 7- and 6- point ordinal scales respectively, and
given numeric values (1-7 and 1-6). The number of body parts (Q5) is counted to indicate total
number of painful bodily areas (1-59). The remaining items are scored on a 5-point ordinal
scale with values between 0 and 4. A formal scoring algorithm for the SUPER-KIDZ tool has
not yet been developed. For the purposes of this study, each item was evaluated separately for
test-retest reliability and responsiveness because it is unknown whether the items within the

domains are measuring the same aspects of the pain construct.

2.45.2 Five-Point GRCP

The five-point GRCP (Appendix 5) is a single question administered either verbally or by
email. The question asks about overall change in pain over the previous one week, on a 5-point
ordinal scale with the following response options: “much worse”, “a little worse”, “the same”,
“a little better” and “much better”. A 5-point scale was chosen because studies have shown that
the limit of human discrimination is approximately 7 response options (range 5-9) [114], and
the lower end of the range was chosen given the paediatric age range. The GRCP was the
external criterion for stability and change in this study, as described in previous studies [93,
105, 112]. The definition for stability is a response of “the same”. Improvement was assessed
at two time points: 1 week and 2 weeks after joint injection. At 1 week after injection, a
response of ““a little better” or “much better” (i.e. change of 1 or more points on GRCP scale)
was considered evidence of improvement. At 2 weeks, since the reference point for the GRCP
was the past one-week, specific combinations of response options for the 1- and 2- week time

points were defined as evidence of improvement (Table 8).
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Table 8: Scenarios for global rating of change in pain (GRCP) responses at 1 week and 2

weeks after joint injection (JI)

GRCP* at 1 week after JI GRCP* at 2 weeks after JI Meet criteria for
improvement at 2 weeks?

Any worse Any worse No

Any worse Same No

A little worse A little better No

A little worse Much better Yes

Much worse A little better No

Much worse Same No

Much worse Much better No

Same Any worse No

Same Same No

Same Any better Yes

A little better A little worse No

A little better Much worse No

Much better A little worse Yes

Much better Much worse No

Any better Same Yes

Any better Any better Yes

*GRCP is answered relative to the previous 1 week time period
NB. Any better = much or a little better; Any worse = much or a little worse

2.4.6 Data Management

24.6.1 Final Dataset

The responses entered on the SUPER-KIDZ website were uploaded into individual excel files
containing the repeated measures for each participant. These files were appended and imported
into SAS version 9.3 (SAS institute Inc., Carey, NC) to form a complete SAS database
containing all repeated observations. Demographic factors, disease-related data, and the GRCP
results for each time point were manually input into a separate excel database by one
researcher (NL) and the CRA, and this was imported into SAS and linked to the SUPER-KIDZ
data using the study ID variable.

The following variables were created from the data (see Appendix 6 Data Dictionary):
1) Age: continuous variable between 4-18 years

2) Gender: male or female
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3) JIA subtype: Categorized into 8 categories according to ILAR criteria (Table 1)

4)

5)

6)
7)

8)

9)

Number of medications: Interval variable scored between 0 and 8

Medications: Categorized into 8 categories: 1) NSAIDs (ibuprofen, naproxen,

indomethacin, diclofenac), 2) steroids (prednisone, methylprednisolone), 3) non-biologic
DMARD (methotrexate, leflunomide, sulfasalazine), 4) anti-TNFa agents (etanercept,
infliximab, adalimumab, golimumab), 5) other biologic agents (abatacept, tocilizumab,
anakinra, rituximab), 6) tylenol, 7) narcotic agents (oxycodone, methadone, morphine), 8)

calcium and/or vitamin D.

Physician Global Assessment (PGA): Continuous variable scored between 0-10.

Number of active joints: Interval variable scored between 0-59.

SUPER-KIDZ item scores: The items were labeled Q1, Q2, Q3, ...,Q20 and scored as
follows: Q1 and Q2 from 0-10, Q3 from 1-7, Q4 from 1-6, Q5 from 1-59, and Q6-Q20
from 0-4. For the purposes of analysis Q1, Q2 and Q5 were treated as continuous variables,

and the remaining items were treated as ordinal variables. Data manipulation was required
for Q4 because the response of ‘6’ was in fact the shortest duration so it became ‘1’ and the
other responses moved up by +1. For Q19 the scale was opposite in direction compared to
the rest since it was measuring cheerfulness, so the values were reversed in the dataset (i.e.

response of ‘0’ became a response of ‘4’).

5-Point GRCP: Coded into categorical variables: 1=“much worse”, 2= “a little worse”,

3=“same”, 4 = “a little better”, 5="“much better”.

The dataset was examined for extreme observations. In the event of inconsistencies or outliers,

the charts and original data were re-reviewed and data corrected as indicated.

2.4.6.2 Defining groups for reliability analysis

For the test-retest reliability analysis, patients who received an injection before the time at

which their scores were measured were analyzed separately from patients who had not received

an injection. The latter group included patients from both Group Apre-post (two pre-joint

injection time points) and Group B. Thus, the subject categories for reliability testing were: (1)
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“Not-injected” group = Group A scores from 1-week pre-joint injection and day before

injection combined with Group B scores, and (2) “Injected” group = Group A scores from 2-

and 3- weeks post-joint injection (Figure 2). A subject was considered “stable” if he/she

responded that his/her pain was the “same” on the 5-point GRCP.

Figure 2: Combining data from study groups for reliability analysis

Group B Group A
Gl’OUp Apre—post Group Apost
2 time points, 1 week pre-JI 2 & 3 weeks 2 & 3 weeks
1 week apart & day pre-JI post-JI post-JI
l ] | l
Reliability ‘Not-injected’ ‘Injected’
subgroups:

JI=joint injection
2.5 Data Analysis

Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Carey, NC) for
the majority of analyses, and Stata version 11.2 (College Station, Texas) for the ROC curve

analyses. Statistical significance was defined as a p-value of <0.05. An adjustment for multiple
comparisons was not performed based on the fact that we are not testing the hypothesis that all

null hypotheses are true simultaneously [129].

2.5.1 Description of Study Cohort

The characteristics of the study cohort were described with regards to age, gender, JIA subtype,

medication use, number of active joints and PGA. Descriptive statistics are reported as mean
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(xSD) for continuous variables and proportions for categorical variables. If the variable was
not normally distributed, the median (inter-quartile range [IQR]) was reported. The Shapiro-

Wilk test was used to assess normality.

Groups Apre-post; Apost and B were compared according to demographic and disease-related
features. For continuous variables, the student’s T test (if normal) or Wilcoxon Rank test (if
non-normal) was used. For categorical variables, the Chi-square test or Fisher’s exact test (if

<5 observations per category) was used.

2.5.2 Distribution of baseline scores

The frequency of baseline scores for each item of the SUPER-KIDZ tool was calculated for the
whole sample. In addition, the mean score, median score, SD, and IQR were calculated for
each item. The distribution of the baseline scores for each item was plotted graphically and
examined for floor or ceiling effects resulting from clustering of the data at the low or high
ends of the scales. The item scores were compared amongst the 3 study groups (Groups Agpre-
post: Apost aNd B) using the Wilcoxon Rank Sum test to see if there were any differences.

2.5.3 Internal consistency of SUPER-KIDZ subscales

Measures of internal consistency were determined for the following SUPER-KIDZ subscales:
pain characteristics (5 items, Q1-Q5), interference (10 items, Q7-Q16), and emotional
functioning (4 items, Q17-QZ20).

The ordinal reliability coefficient o was calculated for each SUPERK-KIDZ domain using

polychoric inter-item correlations according to the formula [75]:
Ordinal reliability o = k*rayg [1+(K-1)*Tayg] (Equation 9)

Where k=number of items and ra is the average polychoric inter-item correlation. Ordinal
reliability a was also calculated after consecutively removing each of the items in the subscale

to see whether there was increase in the alpha parameter.

For each individual item, the ITC was calculated as the correlation between the score of the
item under study and the sum of the remaining items in the corresponding SUPER-KIDZ
subscale [72].
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2.5.4 Test-Retest Reliability

The primary test-retest reliability analysis was performed for each item of the SUPER-KIDZ
measure using data from all participants. A secondary analysis was limited to the subgroup of

subjects who indicated no change in pain after 1 week on their GRCP.

An ICC (2,1) or weighted kappa of at least 0.80 was considered to be a minimum standard for
reliability and the ability to interpret questionnaire scores in individual patients. This is less
than the 0.90-0.95 range typically cited because pain is known to fluctuate considerably, and
the reliability coefficients of other generic pain intensity measures has ranged between 0.63
and 0.90 [61, 79].

254.1 Distribution of GRCP responses

The distribution of the GRCP responses was determined for both the “not-injected” and
“injected” reliability subgroups. The number and proportion of study subjects whose pain was

stable over the one-week period (answer = “the same”) was determined for each subgroup.

254.2 Continuous variables: Intra-class correlation coefficient

The Shrout and Fleiss ICC (2,1) model was chosen for the analysis [77] because the testing
framework of this study is only one of many possible ways to assess test-retest reliability. A
two-way random-effects repeated-measures ANOVA was performed for each SUPER-KIDZ
item. The sums of squares of the variances were determined, including: total sums of squares
(SStotaL), between-subjects mean square (BMS), between-trials mean square (RMS) and error
mean square (EMS). The ICC (2,1) for each item was calculated according to Equation 3 (page
15) [77]. A 95% confidence interval around the ICC was calculated by the method of McGraw
and Wong[130] according to the formulas for ICC (A,1) using the mean square results from the
corresponding ANOVA:

Lower limit = (n(BMS — F'EMS)) / (F [k*RMS + (kn-k-n)EMS] + nBMS) (Equation 10a)
Upper limit = (n(FxBMS — EMS)) / (k*RMS + (kn-k-n)EMS + nF-BMS) (Equation 10b)

Where F~ (F-) denotes the (1- % a) x 100" percentile of the F distribution with n-1 (v)

numerator degrees of freedom and v (n-1) denominator degrees of freedom.
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25.4.3 Continuous variables: Error parameters and minimal detectable change
For each continuous item, the SEM for an individual measurement was calculated as follows
[76]:

SEM = SD V(1-1) (Equation 6)

where SD is the standard deviation of the observed test scores at baseline (estimated from the
corresponding ANOVA as SD=VSStora/[n-1]), and r, is the reliability coefficient (ICC [2,1])
for that measurement. The standard error of the difference scores (SEgis) was determined by
multiplying by the SEM by V2 [81],

SEgifr = SD V2(1-ryy) (Equation 7)

The SEgir was used to calculate the MDC at the 95% confidence level for each continuous item
of the SUPER-KIDZ tool using the formula [76]:

MDCgs = SEgis X 1.96 (Equation 8b)

254.4 Ordinal variables: Weighted Cohen’s Kappa

Percent agreement was calculated as the number of exact agreements divided by the number of
possible agreements. Cohen’s weighted kappa was calculated as in Equation 5 [74], and

reported with 95% confidence intervals.
=1 — ([Zwjj X Pyij] / [Zwij X Pejj]) (Equation 5)

Incremental quadratic Fleiss-Cohen weights were assigned by assuming that the ordinal scale
is a continuum with equal intervals. The quadratic weights were calculated as follows [131]:

wy =1-(Ci=C)° (Equation 11)
(Cc—-Cy)

where C; is the score for column i, C; is the score for column j, and c is the number of
categories or columns. For 5 response options (0, 1, 2, 3, 4), the weights are as follows:
W01=0.94, wp2=0.75, Wg3=0.44, Wps=0, W12=0.94, w13=0.75, W14=0.44, W23=0.96, W»4=0.75,
W34=0.94.
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2.5.5 Responsiveness
2.55.1 Types of change

According to the responsiveness taxonomy described above (section 1.4.2) [84], we looked at
two types of change over the study period. For the primary analysis, we hypothesized that
patients would likely, on average, have improvement in pain after their joint injection based on
the known efficacy of joint injections [8, 132]. Therefore we compared pre-injection scores
with 1- and 2- week post-injection scores. In this case, the change construct being measured
was overall change in pain at the group level (‘who’), within-person change over time
(‘which’), and observed change in the population undergoing joint injection (‘what’), or
internal responsiveness. In a secondary analysis, we evaluated external responsiveness using
the external criterion of improvement based on the GRCP response, and the change construct

(‘what”) being measured was the observed change in population deemed to have improved.

2.55.2 Distribution of GRCP responses

The distribution of GRCP responses was plotted for the 1- and 2- week post-joint injection
responsiveness time points. The patients who improved at 1-week post-injection were
identified as those responding “a little better” or “much better”. The patients meeting the

criteria for improvement at 2 weeks were identified as described in Table 8.

2553 Distribution of SUPER-KIDZ item scores over time

The initial step in the responsiveness analysis was to examine the scores from the three
relevant time points (one day pre-injection, 1-week post-injection and 2-week post-injection)
for each SUPER-KIDZ item. The data was plotted using box plots to show the mean, median,
IQR, and total range at each time point. In addition, the distribution of the change scores at 2-

weeks post-injection was plotted for subjects reporting improvement and those not improved.

2554 Continuous variables: Standardized response mean

The SRM was calculated for the continuous SUPER-KIDZ items at both the 1- and 2- week
post-injection time points using the mean observed change scores and SD of the difference

scores according to the equation [92]:
SRM = mean (testy-test;) / SDyift (Equation 12)
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Confidence intervals were constructed for the SRM under the assumption that the difference
scores, similar in structure to the standardized z statistic, were normally distributed. Therefore
the SRM distribution could be approximated by a standard normal distribution with a mean of
zero and SD of 1/\n where n = sample size [133, 134]. Confidence intervals (95%) were
calculated using the z score for 95% confidence:

95% CI= +1.96*(1/\n) (Equation 13)

2555 All variables: Wilcoxon signed rank test

For all SUPER-KIDZ items, the Wilcoxon signed rank was performed to determine whether
there was a significant improvement in scores compared with baseline at both 1- and 2- weeks
post-injection. Subtracting the sets of scores created difference variables for each analysis. The
null hypothesis is that the sum of the ranks of the positive difference scores is equal to the sum
of the ranks of the negative difference scores. The alternative hypothesis is that the sum of the
ranks of the positive difference scores is not equal to the sum of the ranks of the negative

difference scores. The S statistic and p-value are reported for each item.

2.5.5.6 Regression analysis

In the regression-based approach, a linear mixed model was fit for each SUPER-KIDZ item
with the item scores as the dependent variable and time as the independent variable. Data from
the day pre-injection, 1-week post-injection, and 2-week post-injection time points were
included in the analysis. The model was run using several different possible variance
correlation structures (i.e. compound symmetry, autoregressive etc), and the model of best fit
was determined based on the lowest Akaike’s Information Criterion (AIC). The Omnibus F test
and p-value are reported for the overall model. For each combination of time points, the beta
coefficient, standard error, 95% confidence interval, and p-value are reported.

The key assumptions for a linear mixed model were verified. Normality of the residuals was
assessed graphically via a quantile-quantile plot. If normality was violated, a transformation of
the data was attempted to see if this improved the residual distribution. Potential influential
outliers were identified by examining the Cook’s D parameter, which combines information on
the leverage and residual of an observation. Cook’s D measures the change in the model

parameter estimates when the observation in question is deleted, and the general cut-off for a
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potential influential observation is >4/n [135]. If identified, the model was re-run without the
influential outlier(s) to see if the regression coefficients and/or p-values changed substantially.
Homoscedasticity of the variances, and therefore appropriateness of the chosen correlation
structure, was assessed by plotting the predicted values versus the studentized residuals and
looking for a consistent pattern of data points around the regression line.

2557 Receiver operating characteristic curve analysis

A ROC curve was constructed as a method to evaluate external responsiveness of the SUPER-
KIDZ items at 2 weeks post-injection. The external criterion was improvement at 2 weeks
according to GRCP response as defined in Table 8. We considered change scores of -1 to +3
for questions 1 and 2, -1 to +4 for question 5, and -1 to +2 for the other SUPER-KIDZ items.
Each change score was compared with the external criterion (GRCP response) to see whether it

corresponded to an improvement in the patient.
For each cut-off point, the sensitivity was calculated as:

Sensitivity = True positive / (True positive + False negative) (Equation 14a)

Sensitivity = # patients with change >cut-off who improved (Equation 14b)
total # patients who improved

and the specificity was calculated as:

Specificity = True negative / (True negative + False positive) (Equation 15a)

Specificity = # patients with change <cut-off who did not improve (Equation 15b)
total # patients who did not improve

Sensitivity (y-axis) is plotted against 1-specificity (x-axis) to create the ROC curves.
The accuracy of the cut-off point was calculated as:

Accuracy = # patients with change >cut-off correctly classified (Equation 16)
total # patients with change >cut-off

The AUC and its standard error were calculated for the ROC curves to represent the

responsiveness of the SUPER-KIDZ item being evaluated.
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3 RESULTS

3.1 Description of study cohort
At the time of interim analysis (Feb 23, 2013), 106 subjects had been scheduled for joint

injection at the hospital and were screened for eligibility into Group A (Figure 3).

Figure 3: Flow diagram for patients undergoing joint injection considered for inclusion into
Group A
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Of these, 66 patients were excluded because they were less than 4 years old (n=14), not
reporting pain (n=8), met one of the exclusion criteria (n=9), declined participation (n=2), felt
not to be appropriate according to responsible physician (n=20), or other reason (n=13). Of the
remaining 40 patients, 32 were aged 8-18 years and 8 were 4-7 years of age. In the older age
group, 2 patients were enrolled but then were withdrawn from the study: one underwent joint
injection before completing the questionnaire, and the other had a severe complication after the
joint injection. Thus, 30 subjects completed the study time points in Group A. Within Group A,
12 (40%) completed the pre- and post- joint injection time points (Group Apre-post) and 18
(60%) completed the post-injection time points only (Group Apest). One patient in Group Apest
only completed 2 time points - the day before and 1 week after injection - and was included in
the 1-week responsiveness analysis only. Consecutive patients with self-reported pain and
stable management were enrolled into Group B (n=21), for a total of 51 patients. Enrollment in
the younger age group (aged 4-7 years) is ongoing and currently there are 12 patients enrolled

(n=6 in joint injection group, n=6 in stable group).

In the overall sample, the median age was 13.9 years (IQR=11.5-16.2), and 40 (78%) were
female. The most common JIA subtypes were: RF negative polyarticular (29%) and persistent
and extended oligoarticular (18% each). At baseline, the median joint count was 3 (IQR=1-5)
and median PGA score was 2.5 cm (IQR=2.5-4.0) (Table 9).

Median age, number of active joints, PGA and number of medications were similar across the
study groups based on Wilcoxon sum rank tests. Group B had no patients with the persistent
oligoarticular subtype (Fisher’s P=7.97x10, p=0.003). Group Apre-post had no extended
oligoarticular patients, however the difference in proportions was not statistically significant
(Fisher’s P=0.02, p=0.18). The proportion of other JIA subtypes, the gender distribution, and

medication types were similar between the three groups based on Fisher’s exact test.
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Table 9: Demographic and clinical characteristics of the whole study sample and subgroups

Characteristic Whole Sample | Group Apre-post | Group Apost Group B
(n=51) (n=12) (n=18%*) (n=21)
Age (years) (median, 13.9 (11.5-16.2) 13.1 (11.3- 14.9 (10.2- 14.4 (11.6-
IQR) 15.6) 16.1) 17.1)
Gender (female) (n, %) 40 (78%) 10 (83%) 14 (78%) 16 (76%)
JIA subtype (n, %)
Oligo persistent 9 (18%) 5 (42%) 4 (22%) 0 (0%)
Oligo extended 9 (18%) 0 (0%) 4 (22%) 5 (24%)
Poly RF negative 15 (29%) 4 (33%) 4 (22%) 7 (33%)
Poly RF positive 6 (12%) 1 (8%) 2 (11%) 3 (14%)
Systemic 3 (6%) 0 (0%) 2 (11%) 1 (5%)
Enthesitis-related 3 (6%) 1 (8%) 0 (0%) 2 (10%)
Psoriatic 4 (8%) 1 (8%) 2 (11%) 1 (5%)
Undifferentiated 2 (4%) 0 (0%) 0 (0%) 2 (10%)
Number of meds 2 (1-2) 2 (1-3) 2 (1-2) 2 (1-2)
(median, IQR)
Medications (n, %)
NSAIDs 28 (55%) 7 (58%) 11 (61%) 10 (48%)
Steroid 7 (14%) 2 (17%) 2 (11%) 3 (14%)
Non-biologic 30 (59%) 8 (67%) 8 (44%) 14 (67%)
DMARDs
Anti-TNFa agents 13 (25%) 2 (17%) 7 (39%) 4 (19%)
Other biologic 0 (0%) 0 (0%) 0 (0%) 0 (0%)
agents
Tylenol 10 (20%) 2 (17%) 3(17%) 5 (24%)
Narcotic agents 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Calcium/vitamin D 9 (18%) 3 (25%) 3 (17%) 3 (14%)
Number of active joints 3(1-5) 3(2-4) 3(1-4) 3 (1-5)
(median, IQR)
PGA (cm) (median, 2.5(1.5-4.0) 2.2 (1.2-3.3) 3.0 (2-3) 2.0 (1-5)

IQR)

Group Apre-post: Patients undergoing joint injection (JI) completing all time points; Group Apost:
Patients undergoing JI, missing week pre-JI time point (*includes 1 patient with only 2 time
points); Group B: Stable patients used for reliability only.
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3.2 Distribution of baseline scores

Recalling the 20 SUPER-KIDZ questions (Table 7, re-presented below), 19 of the items were
not normally distributed, and Q2 was just marginally normal (Shapiro Wilk W=0.96, p=0.08).

Thus, non-parametric methods were used for all subsequent comparison analyses.

Table 7: Description of the 20 SUPER-KIDZ Items

Item | Question Score Domain
range
Q1 | How much pain do you have right now? 0-10 Pain
Q2 | If you had pain in the past 7 days, how much did it 0-10 characteristics
usually hurt?
Q3 | On how many days did you have pain in the past 7 1-7
days?
Q4 | If you had pain in the past 7 days, how long did it 1-6
usually last?
Q5 | Select all the parts of your body where you have had 1-59
pain in the past 7 days
Q6 | Inthe past 7 days, how often have you felt tired? 0-4 Associated
symptoms
Q7 | I had trouble sleeping when | had pain 0-4
Q8 | It was hard for me to pay attention when | had pain 0-4 Interference
Q9 | It was hard to stay standing when | had pain 0-4 (Physical, social
Q10 | It was hard to have fun when | had pain 0-4 and role
Q11 | I had trouble doing schoolwork when I had pain 0-4 functioning,
Q12 | It was hard for me to walk one block when | had pain | 0-4 cognitive
Q13 | It was hard for me to run when I had pain 0-4 behaviours)
Q14 | I kept thinking how much | wanted the pain to stop 0-4
when | had pain
Q15 | I was afraid that the pain would get worse when | had 0-4
pain
Q16 | I felt I couldn’t stand it anymore when I had pain 0-4
Q17 | How often did you feel sad in the past 7 days? 0-4 Emotional
Q18 | How often did you feel angry in the past 7 days? 0-4 functioning
Q19 | How often did you feel cheerful in the past 7 days? 0-4
Q20 | How often did you feel worried in the past 7 days? 0-4

The median scores for current pain intensity (Q1) and average pain intensity over past week
(Q2) were 4.0 (IQR=2.0-6.0) and 5.0 (IQR=3.0=7.0), respectively. Of the items with 5
response options, the median score for Q14 was 3.0 (IQR=2.0-4.0), while the medians of the
other items were either 1.0 or 2.0. Of note, no subjects chose the highest response option for
Q2, Q17 and Q18 (see Appendix 7, table summary of baseline scores).
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The most striking floor effects (Figure 4) were identified for Q7 (21/51 [41%] gave lowest
response), Q8 (16/52 [31%] gave lowest response), Q11 (20/51 [39%] patients gave lowest
response), Q17 (15/51 [29%] gave lowest response), and Q18 (19/51 [37%] patients gave
lowest response). In contrast, ceiling effects (Figure 5) were seen in Q3 and Q4, where 17
(33%) subjects gave the highest response option for each, and also in Q13 and Q14, where 14
(27%) and 13 (25%) subjects clustered in the highest response categories respectively (see

Appendix 7 for figures for other items).
Figure 4: SUPER-KIDZ items with floor effects (Q7, Q8, Q11, Q17, Q18)
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Question 11: Difficulty doing schoolwork
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Figure 5: SUPER-KIDZ items with ceiling effects (Q3, Q4, Q13, Q14)
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Question 14: Kept thinking how much wanted pain to stop

4

Distribution of Q14 by group

Study Group

Distribution of Q14 for whole cohort

4

All Subjects

As seen in Table 10, the item scores were similar amongst the study groups at baseline based

on the Wilcoxon Rank Sum test (all p values >0.17).

Table 10: Comparison of medians and interquartile ranges (IQR) of baseline item scores
amongst the study groups

Item All Group Apre-post | Group Apost Group B p value*
(response (n=51) (n=12) (n=18) (n=21)

range) Median (IQR) | Median (IQR) | Median (IQR) | Median (IQR)

Q1 (0-10) 40 (2.0-6.0) |55 (2.0-7.0) |40 (3.0-5.0) | 4.0 (1.0-6.0) 0.58
Q2 (0-10) 50 (3.0-7.0) |5.0 (3.0-7.0) |4.0 (3.0-6.0) | 5.0 (3.0-7.0) 0.83
Q3 (1-7) 50 (3.0-7.0) |5.0 (2.5-7.0) |5.0 (4.0-6.0) | 4.0 (3.0-7.0) 0.99
Q4 (1-6) 50 (3.0-6.0) |5.0 (3.5-6.0) |5.0 (4.0-5.0) | 4.0 (3.0-6.0) 0.77
Q5 (1-59) 50 (2.0-9.0) |45 (2.0-7.0) |4.0 (2.0-8.0) | 7.0 (2.0-12) 0.47
Q6 (0-4) 2.0 (2.0-3.0) [2.0 (2.0-25) |20 (2.0-3.0) | 3.0 (2.0-3.0) 0.24
Q7 (0-4) 1.0 (0-2.0) |20 (0-2.0) 0 (0-20) |10 (0-2.0) 0.28
Q8 (0-4) 1.0 (0-20) |15 (05-25) |1.0 (0-2.0) |1.0 (0-2.0) 0.39
Q9 (0-4) 2.0 (1.0-3.0) |2.0 (1.0-25) |20 (1.0-3.0) | 2.0 (1.0-3.0) 0.85
Q10 (0-4) 20 (1.0-3.0) |15 (0.5-3.0) |20 (1.0-3.0) | 2.0 (1.0-2.0) 0.95
Q11 (0-4) 1.0 (0-2.0) | 2.0 (0.5-3.0) 0 (0-20) |10 (0-2.0) 0.40
Q12 (0-4) 20 (1.0-2.0) |2.0 (1.0-3.0) |2.0 (2.0-2.0) | 2.0 (1.0-2.0) 0.49
Q13 (0-4) 2.0 (2.0-4.0) 3.0 (1.5-4.0)0 |3.0 (2.0-4.0) | 2.0 (2.0-3.0) 0.47
Q14 (0-4) 3.0 (2.0-4.0) |20 (0.5-3.0)0 |3.0 (2.0-3.0) | 3.0 (2.0-4.0) 0.17
Q15 (0-4) 2.0 (1.0-3.0) [2.0 (0.5-25) |20 (1.0-2.0) | 2.0 (2.0-3.0) 0.54
Q16 (0-4) 1.0 (0-20) |10 (0-15) |1.0 (1.0-2.0) | 2.0 (1.0-3.0) 0.45
Q17 (0-4) 1.0 (0-20) |10 (0-20) |2.0 (0-2.0) |1.0 (1.0-2.0) 0.67
Q18 (0-4) 1.0 (0-2.0) |10 (05-20) |1.0 (0-2.0) |1.0 (0-2.0) 0.84
Q19 (0-4) 2.0 (1.0-2.0) |2.0 (1.0-2.0) |2.0 (1.0-2.0) | 2.0 (1.0-2.0) 0.64
Q20 (0-4) 20 (0-2.0) |20 (0.5-25) |20 (0-2.0) | 2.0 (1.0-3.0) 0.48

* Wilcoxon Rank Sum test




3.3

Internal consistency of SUPER-KIDZ subscales

Internal consistency for each item measured by the ITC was generally greater than 0.50, except

for Q5 (number of painful body parts) and Q19 (feeling cheerful), which had more borderline

ITCs of 0.40 and 0.25 respectively. Their removal resulted in an increased ordinal reliability o

for the respective domain (Table 11). The ordinal reliability a parameters for the SUPER-

KIDZ subscales are moderate-high in magnitude (0=0.73-0.92) and all met the hypothesized

criteria in H3. The largest value (¢=0.92) corresponded to the domain with the most items

(interference) while the 4-item emotional domain had the smallest value (a=0.73).

Table 11: Internal consistency measures of items and domains of SUPER-KIDZ questionnaire

measured at baseline (raw variables) (n=51)

Domain Item | Question Item-total | Ordinal Ordinal
correlation | reliability a | reliability a if
(ITC) for subscale | item removed
Pain Q1 | Current pain 0.61 0.87 0.83
characteristics | Q2 | Avg pain past wk 0.71 0.82
Q3 | Pain frequency 0.55 0.83
Q4 | Pain duration 0.51 0.86
Q5 | # Painful locations 0.40 0.89
Interference | Q7 | Sleeping 0.67 0.92 0.91
Q8 | Paying attention 0.67 0.91
Q9 | Standing 0.72 0.90
Q10 | Having fun 0.83 0.89
Q11 | Schoolwork 0.54 0.92
Q12 | Walk 1 block 0.64 0.91
Q13 | Running 0.58 0.91
Q14 | Want pain to stop 0.54 0.92
Q15 | Afraid get worse 0.54 0.92
Q16 | Can’t stand it 0.65 0.91
Emotional Q17 | Feel sad 0.61 0.73 0.59
functioning Q18 | Feel angry 0.58 0.59
Q19 | Feel cheerful 0.25 0.80
Q20 | Feel worried 0.49 0.68
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3.4 Test-retest reliability

34.1 Missing data and final sample size for test-retest reliability analyses

Combining group B (n=21) and the pre-injection data from group Apre-post (N=12) into the ‘not
injected’ reliability group gave a sample size of 33. There were no missing SUPER-KIDZ data
for this analysis, however one patient did not complete the GRCP (inferred as “not the same”
in the secondary analysis). The 2- and 3- week post-injection data from Group A gave a sample
size of 30 for the ‘injected’ reliability group, of which 4 patients were missing SUPER-KIDZ
data for either or both of the 2- or 3- weeks post- injection time points. Of the remaining 26

patients, 1 did not complete the GRCP (inferred as “not the same” in the secondary analysis).

3.4.2 Distribution of GRCP responses

Figure 6 shows the distribution of GRCP responses between the test-retest reliability time
points for each reliability group. Of the 33 patients in the *not injected’ subgroup, 14 (42%)
reported stable pain. From the ’injected’ reliability subgroup 11 of the 26 patients (42%) stated
that their pain remained stable between the time points. For each ICC and kappa parameter, the
primary analysis was performed in all study subjects regardless of their GRCP response, and a

secondary analysis was performed only in those reporting stable pain.

Figure 6: Distribution of GRCP responses for reliability time points in each analysis group
a) In the ‘not injected’ reliability group (n=33), 14 patients reported stable pain
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b) In the ‘injected’ reliability group (total n=26), 11 patients reported stable pain
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343 Continuous variables: Intra-class correlation coefficient

When all subjects were analyzed, the ICC (2,1) values for the ‘not injected’ group were
between 0.74 and 0.91, and those for the ‘injected’ group ranged between 0.68-0.86 (Table 12).
The ICC for Q2 and Q5 in the ‘not injected’ group, and for Q5 in the ‘injected’ group met the
hypothesized criteria in H1 of >0.80 and a lower bound of >0.60 in the 95% confidence

interval.

When only the stable patients were analyzed, all of the ICCs values increased compared to the
primary analysis except for the ICC of Q5 in the ‘not injected’ group (0.70 compared with
0.91). The ICC for Q2 (0.87) in the stable ‘not injected’ group and the ICC for all 3 items
(0.81-0.91) in the stable “injected’ group achieved the hypothesized criteria of >0.80. However,
the 95% confidence intervals for Q1 and Q2 in the ‘injected’ group did cross 0.60.

Thus, all 3 continuous items met the criteria in H1 in at least one analysis, and all of the ICC
(2,1) values were greater than or equal to 0.68.
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Table 12: Intra-class correlation coefficients (ICC) for continuous items (Q1, Q2, Q5) of
SUPER-KIDZ questionnaire for the two reliability subgroups

a) ‘Not injected’ reliability subgroup (all n=33, stable n=14)

Item | Question GRCP | Mean | Mean | AScore | ICC 95% CI | ICC=0.80
Test1l | Test2 (2,2) & lower
Cl >0.60
Q1 Current pain All 412 | 3.42 -0.70 0.74 | 0.53-8.86 N
intensity Stable 3.79 | 2.86 -0.93 0.76 | 0.32-0.92 N
Q2 Average pain | All 4.76 4.27 -0.51 0.82 | 0.67-0.91 Y
over past week | Stable 4.85 4.50 -0.35 0.87 | 0.65-0.96 Y
Q5 # painful body | All 7.76 | 8.33 0.57 0.91 | 0.82-0.95 Y
locations Stable 6.79 | 6.64 -0.15 0.70 | 0.30-0.90 N
GRCP=5-point global rating of change in pain; ICC=intra-class correlation coefficient;
Cl=confidence interval
b) ‘Injected’ reliability subgroup (all n=26, stable n=11)
Item | Question GRCP | Mean | Mean | AScore | ICC 95% CI | ICC=>0.80
Testl | Test2 (2,1) & lower
Cl1>0.60
Q1 Current pain All 2.50 2.85 0.35 0.68 | 0.41-0.84 N
intensity Stable 3.00 | 291 -0.09 0.82 | 0.45-0.95 N
Q2 Average pain | All 3.12 | 3.58 0.36 0.70 | 0.44-0.86 N
over past week | Stable 3.00 3.18 0.18 0.81 | 0.42-0.94 N
Q5 # painful body | All 2.85 | 4.80 1.95 0.86 | 0.70-0.93 Y
locations Stable 381 | 481 1.00 091 | 0.71-0.98 Y

GRCP=5-point global rating of change in pain; ICC=intra-class correlation coefficient;

Cl=confidence interval

344

Continuous variables: Error parameters and minimal detectable

change

The SEM expressed in the units of the SUPER-KIDZ measure for items Q1, Q2, and Q5
ranged between 1.08 and 2.97 (Table 13). As expected, the largest SEM corresponded to Q5,

given the larger variance of the responses to this question. The MDCgys for both Q1 and Q2 was

a change in score of between 3 and 4 units on the 11-point scale, and the MDCgs for Q5 was

somewhat higher corresponding to a change score of about 6 to 8 body locations. This

indicates that, 95% of the time, a change in item score greater than or equal to these values

would be reflective of a true difference, given the measurement error of the test.
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Table 13: Summary of error parameters and minimal detectable change for continuous
SUPER-KIDZ item scores

Item | Question Group ICC (2,1) | SStoraL | SEM | SEgir | MDCgs
Q1 | Current pain Not injected 0.74 248.62 1.42 2.00 3.92
intensity Injected 0.68 116.28 1.22 1.72 3.37
Q2 | Average pain Not injected 0.82 207.36 1.08 1.52 2.99
over past week Injected 0.70 140.83 1.30 1.83 3.59
Q5 | # Painful body Not injected 0.91 3136.3 2.97 4.19 8.21
locations Injected 0.86 896.00 2.24 3.16 6.19

ICC=intra-class correlation coefficient; SStoraL= total sums of squares from corresponding
ANOVA; SEM=standard error of measurement, SEgi=standard error of difference scores;
MDCgs=minimal detectable change at 95% confidence level

345 Ordinal variables: Weighted Cohen’s kappa

When all subjects were analyzed, the weighted Cohen’s kappa values tended to be greater in
magnitude in the ‘injected’ group compared with the ‘not injected’ group. In the former, 9 of
the 20 kappas (Q3, Q4, Q8, Q9, Q11-13, Q16, Q17) met the pre-specified criteria in H1
(>0.80) while in the latter only 2 kappas (Q3, Q4) achieved the hypothesized criteria (Table 14
& Table 15). Also, 5 additional kappas in the ‘injected’ group were between 0.70-0.79,

compared with 1 in the ‘not injected’ group.

When only the stable patients were analyzed, many of the kappas decreased in magnitude.
However, some of the item kappas were similar or improved, namely Q3, Q6, Q11, Q19 and
Q20 in the ‘injected’ group. In this analysis, 2 questions in the ‘not injected’ group (Q3, Q4)
and 8 questions in the ‘injected’ group (Q3, Q4, Q6, Q11, Q13, Q17, Q19, Q20) met the
hypothesized criteria in H1.

The lowest weighted kappas in the primary analysis in the ‘not injected’ group corresponded to
Q14 (xk=0.48), Q17 (x=0.47), and Q18 (x=0.41). In the ‘injected’ group, Q7 had the lowest
kappa (x=0.45), and due to all responses being zero at the first time point, had a kappa of zero

in the secondary analysis.

Selected cross-tables are presented in Figure 7 to illustrate specific situations of interest for the

weighted kappa analysis.
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Table 14: Weighted Cohen’s Kappa for ordinal items of SUPER-KIDZ questionnaire in the
‘not injected’ reliability group (all n=33, stable n=14)

Domain Item Question GRCP % Wt 95% Cl | x>0.8 &
agree- | kappa lower CI
ment >0.6

Pain Q3 | Painfrequency | All 0.55 0.87 0.79-0.96 Y

characteristics Stable | 0.50 0.85 | 0.71-0.99 Y

Q4 | Pain duration All 0.61 0.87 0.79-0.96 Y

Stable | 0.57 0.86 0.72-1.00 Y

Assoc’d Q6 | Fatigue All 0.48 0.50 0.21-0.80 N

symptoms frequency Stable | 0.57 0.65 0.37-0.93 N

Interference | Q7 Difficulty All 0.45 0.61 0.37-0.85 N

sleeping Stable 0.43 0.34 -0.06-0.73 N

Q8 | Difficulty All 0.45 0.66 0.49-0.83 N

paying attention | Stable | 0.57 0.49 0.16-0.81 N

Q9 | Difficulty All 0.48 0.71 0.53-0.89 N

standing Stable 0.29 0.39 0.03-0.76 N

Q10 | Difficulty All 0.48 0.68 0.49-0.87 N

having fun Stable 0.27 0.31 | -0.15-0.77 N

Q11 | Difficulty with | All 0.45 0.60 0.39-0.81 N

schoolwork Stable | 0.43 0.38 | -0.14-0.91 N

Q12 | Difficulty All 0.45 0.62 0.35-0.90 N

walking 1 block | Stable | 0.36 0.34 | -0.18-0.87 N

Q13 | Difficulty All 0.52 0.66 0.45-0.86 N

running Stable 0.29 0.33 -0.03-0.70 N

Q14 | How much want | All 0.27 0.48 0.18-0.78 N

pain to stop Stable | 0.14 0.22 | -0.31-0.74 N

Q15 | Afraid pain All 0.45 0.61 0.43-0.80 N

would get worse | Stable | 0.21 0.31 0.07-0.55 N

Q16 | Can’tstand it All 0.55 0.64 0.35-0.94 N

anymore Stable 0.29 0.24 -0.35-0.83 N

Emotional Q17 | Feeling sad All 0.42 0.47 0.20-0.74 N

functioning Stable 0.43 0.29 -0.18-0.75 N

Q18 | Feeling angry All 0.48 0.41 0.11-0.71 N

Stable | 0.50 -0.01 | -0.52-0.51 N

Q19 | Feeling cheerful | All 0.42 0.52 0.22-0.81 N

Stable | 0.29 0.52 0.17-0.87 N

Q20 | Feeling worried | All 0.31 0.50 0.22-0.78 N

Stable | 0.29 0.29 | -0.29-0.83 N

Wit kappa=quadratic weighted kappa; Cl=confidence interval
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Table 15: Weighted Cohen’s Kappa for ordinal items of SUPER-KIDZ questionnaire from the

‘injected’ reliability group (all n=26, stable n=11)

Domain Item Question GRCP % Wt 95% Cl | k=>0.8 &
agree- | kappa lower CI
ment >0.6

Pain Q3 | Pain frequency | All 0.56 0.84 0.70-0.98 Y

characteristics Stable 0.82 0.97 0.92-1.00 Y

Q4 | Pain duration All 0.58 0.83 0.68-0.98 Y

Stable | 0.45 0.86 0.74-0.99 Y

Assoc’d Q6 | Fatigue All 0.58 0.66 0.42-0.90 N

symptoms frequency Stable | 0.73 0.90 0.75-1.00 Y

Inteference Q7 | Difficulty All 0.65 0.45 0.05-0.85 N

sleeping Stable® | 0.64 0.00 0.00-0.00 N

Q8 | Difficulty All 0.73 0.86 0.71-1.00 Y

paying attention | Stable 0.73 0.78 0.56-1.00 N

Q9 | Difficulty All 0.62 0.86 0.77-0.96 Y

standing Stable 0.55 0.74 0.54-0.94 N

Q10 | Difficulty All 0.62 0.77 0.59-0.95 N

having fun Stable | 0.50 0.67 0.38-0.95 N

Q11 | Difficulty with | All 0.77 0.84 0.70-0.99 Y

schoolwork Stable | 0.73 0.92 0.85-0.98 Y

Q12 | Difficulty All 0.65 0.84 0.71-0.96 Y

walking 1 block | Stable | 0.64 0.56 0.34-0.78 N

Q13 | Difficulty All 0.62 0.85 0.73-0.96 Y

running Stable 0.65 0.90 0.80-1.00 Y

Q14 | How much want | All 0.69 0.70 0.45-0.95 N

pain to stop Stable 0.82 0.49 | -0.05-1.00 N

Q15 | Afraid pain All 0.65 0.61 0.28-0.94 N

would get worse | Stable | 0.64 0.27 | -0.26-0.79 N

Q16 | Can’tstand it All 0.81 0.83 0.63-1.00 Y

anymore Stable | 0.82 0.42 | -0.17-1.00 N

Emotional Q17 | Feeling sad All 0.77 0.83 0.66-0.99 Y

functioning Stable | 0.73 0.85 0.66-1.00 Y

Q18 | Feeling angry All 0.69 0.74 0.50-0.98 N

Stable | 0.64 0.76 0.58-0.93 N

Q19 | Feeling cheerful | All 0.58 0.70 0.46-0.94 N

Stable | 0.73 0.90 0.75-1.00 Y

Q20 | Feeling worried | All 0.62 0.75 0.54-0.97 N

Stable | 0.73 0.88 0.70-1.00 Y

SFor Q7, all of the 1% time point responses=0; Wt kappa=quadratic weighted kappa;
Cl=confidence interval

58




Figure 7: Cross-plots of responses for selected SUPER-KIDZ items at 2 reliability time points

a) Question 14 - stable subjects, ‘not injected” group (n=14): low kappa (x=0.22) due to poor
marginal distribution despite heterogeneous response distribution

Q14 Q14 Time 2
Timel| O 1 2 3 4 | Total
0 0 1 0 0 1 2
1 2 1 0 0 0 3
2 0 0 0 0 1 1
3 0 1 1 1 1 4
4 1 0 0 3 0 4
Total 3 3 1 4 3 14

b) Question 13 - stable subjects, ‘injected’ group (n=11): heterogeneous response distribution
and good marginal distribution gives high kappa (k=0.90) despite small sample size

Q13 Q13 Time 2
Timel| O 1 2 3 4 | Total
0 2 1 0 0 0 3
1 1 2 0 0 0 3
2 0 0 0 1 0 1
3 0 0 1 2 0 3
4 0 0 0 0 1 1
Total 3 3 1 3 3 11

c) Question 16 - all subjects, ‘injected’ group (n=26): relatively homogeneous population
(mostly ‘0’ and “1”) but reasonable marginal distribution gives high kappa (x=0.83)

Q16 Q16 Time 2
Timel| O 1 2 3 4 | Total
0 13 3 0 0 0 16
1 0 6 1 1 0 8
2 0 0 1 0 0 1
3 0 0 0 0 0 0
4 0 0 0 0 1 1
Total | 13 9 2 1 1 26

d) Question 16 - stable subjects, ‘injected’ group (n=11): very homogeneous population (all
responses ‘0’ or ‘1”) with poor marginal distribution results in lower kappa (k=0.42)

Q16 Q16 Time 2
Timel| O 1 2 3 4 | Total
0 8 2 0 0 0 10
1 0 1 0 0 0 1
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Total 8 3 0 0 0 11

**Note that both examples ¢) and d) have the same percent agreement (0.81 and 0.82)
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3.4.6

For the primary analysis, 11 SUPER-KIDZ items achieved the H1 hypothesis of a reliability

coefficient of >0.80 in either or both of the reliability subgroups (‘not injected’ or ‘injected’).

Summary of test-rest reliability analyses

Seven of these items also met the criteria in the secondary analysis of self-reported stable

patients, along with an additional 4 items. Thus, 15 SUPER-KIDZ items met the test-retest

reliability criteria specified in H1 in at least one analysis. The sensory items Q2-Q5 were the

most consistently reliable items (Table 16).

Table 16: Summary of test-retest reliability results for SUPER-KIDZ items in the primary and
secondary analyses

Domain Item | Question Primary analysis | Secondary analysis
(all patients) (stable patients)

Pain Q1 Current pain No Yes
characteristics | Q2 Avg pain past week Yes Yes

Q3 Pain frequency Yes Yes

Q4 Pain duration Yes Yes

Q5 # Painful locations Yes Yes
Associated Q6 Fatigue frequency No Yes
Interference Q7* | Sleeping No No

Q8 Paying attention Yes No

Q9 Standing Yes No

Q10* | Having fun No No

Q11 | Schoolwork Yes Yes

Q12 | Walk 1 block Yes No

Q13 | Running Yes Yes

Q14* | Want pain to stop No No

Q15* | Afraid get worse No No

Q16 | Can’tstand it Yes No

anymore

Emotional Q17 | Feel sad Yes Yes
functioning Q18* | Feel angry No No

Q19 | Feel cheerful No Yes

Q20 | Feel worried No Yes
Totals: Yes=11 items Yes=11 items

Either primary or secondary: Yes =15

items

Both primary & secondary: Yes=7 items

Yes = ICC or k >0.80 in either or both reliability groups, No = ICC or k <0.80 in both
subgroups; *Items did not meet criteria for test-retest reliability in any analysis

60



3.5 Responsiveness

35.1 Missing data and final sample size for responsiveness analyses

The total sample size for Group A was 30. One patient (subject #43) experienced a
complication in the first week post-joint injection (steroid crystallization) causing significantly
increased pain, but was better by 2 weeks post-injection. Thus, this participant’s 1-week post-
injection time point was excluded from the responsiveness data, leaving 29 subjects for
analysis at 1 week. All of the subjects completed the required SUPER-KIDZ questionnaires for
the 1-week responsiveness analysis, however the GRCP was missing for one of these subjects
(inferred as “not improved” in the secondary analysis). At 2 weeks post-injection 3 subjects
missed completing the SUPER-KIDZ questionnaire, leaving 27 patients for this analysis. Of
these, no GRCP responses were missing.

For the regression analysis, of 90 possible observations (30 subjects with 3 time points each), 3
were missing and 1 was excluded (subject #43, 1-week post-injection), therefore 86 sets of

SUPER-KIDZ questionnaire responses were analyzed.

3.5.2 Distribution of GRCP responses

At 1 week after injection, 22/29 (76%) of study subjects reported improvement, defined as “a
little better” or “much better”. At 2 weeks post-injection, the proportion of patients reporting
further improvement (“a little better” or “much better””) was 12/27 (44%) (Figure 8). Recalling
the criteria for improvement defined in Table 8 (section 2.4.2.2), a total of 22/27 (81%) study

subjects met the definition of improvement at 2 weeks post-joint injection (Table 17).

For each time point, the primary responsiveness analysis was performed in all patients
undergoing joint injection and a secondary analysis included only those patients who self-

reported improvement based on the GRCP responses.
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Figure 8: Distribution of GRCP responses for responsiveness time points

a. At 1 week post-injection (n=29), 22 patients reported improvement

Number of subjects

12

10

Much worse Little worse

Same Little better Much better ~ Missing
GRCP response

b. At 2 weeks post-injection (n=27), 12 patients reported further improvement

Number of subjects

12

10

Much worse Little worse

Same Little better Much better Missing
GRCP response
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Table 17: Global Rating of Change in Pain (GRCP) responses at 1 and 2 weeks after joint

injection (JI)

GRCP* at 1 week GRCP* at 2 weeks Meet criteria for | Number of
after Ji after Ji improvement at 2 | patients
weeks? (total n=27)
Any worse Any worse No 0
Any worse Same No 0
A little worse A little better No 1
A little worse Much better Yes 0
Much worse A little better No 1
Much worse Much better No 0
Same Any worse No 0
Same Same No 2
Same Any better Yes 4
A little better A little worse No 1
A little better Much worse No 0
Much better A little worse Yes 2
Much better Much worse No 0
Any better Same Yes 10
Any better Any better Yes 6
IMPROVED AT 2 WEEKS POST-JI: Total Yes 22
Total No 5
Total missing 0

*GRCP is answered relative to the previous 1 week time period
NB. Any better = much or a little better; Any worse = much or a little worse

3.5.3

Distribution of SUPER-KIDZ item scores over time

Boxplots for each of the SUPER-KIDZ items were constructed to see the trend of scores over
the relevant time points for the responsiveness analysis: day before joint injection (“visit 2°), 1-
week post-injection (‘visit 3’), and 2-weeks post-injection (‘visit 4”) (Appendix 8). Based on
the graphs, the general trend appears to be a reduction in scores for each item at visits 3 and/or
4 compared with visit 2, except for Q6 and Q19, whose scores appear to stay relatively
constant after the joint injection despite being mid-range at baseline. As described in section
3.2, ceiling effects are noted in the baseline score distributions of Q3, Q4, Q13, Q14, and more
mildly for Q16. Not surprisingly, these items appear to improve after the joint injection. Low
baseline responses (floor effects) are seen for Q7 and Q8, however these distributions still
show a trend for improvement in scores after injection. Questions #11, 12, 17, 18, and 20 also

have low baseline scores and show a milder graphical trend towards improvement.
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The change scores at 2-weeks post-joint injection, compared to the day before injection was
larger in the subjects who reported improvement in pain compared with those who did not
improve for most of the SUPER-KIDZ items (Table and graphical distributions in Appendix
8). The exceptions include Q6 (fatigue frequency), Q17 (feeling sad), and Q19 (feeling
cheerful), for which the unimproved individuals had higher change scores. Of course, this
finding needs to be interpreted in light of the very small sample size not reporting improvement
(n=5). Items with the largest mean change scores (>0.90) included the sensory items Q1-Q5,
and interference items Q12-Q16. The smallest mean change scores (<0.30) corresponded to
items Q6 (fatigue), Q17-Q20 (emotional items). The overall range of change scores overlapped
between the two groups for all of the SUPER-KIDZ items. The 1QRs for the change scores
were most distinct between the improved and not improved groups for Q1-Q4, Q12 and Q13;

the IQRs overlapped for the remaining items.

354 Continuous variables: Standardized response mean

The SRM for the continuous items were calculated from the mean difference and SD of the
difference according to Equation 12 (Table 18). As hypothesized in H2a, the SRMs are low-to-
moderate (0.33-0.50) at 1 week, and are moderate-to-high at 2 weeks post-injection (0.66-
0.82). All three items met the criteria in H2a. Question 5 was most responsive at 1 week
(SRM=0.50) and question 1 was most responsive at 2 weeks (SRM=0.82).

When only those patients reporting improvement based on their GRCP are analyzed, the
magnitude of the SRM increased for Q1 and Q2 at both time points, as expected. However the
SRM for Q5 remained about the same in this group based on similar mean differences and
relatively larger SD.
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Table 18: Mean differences in scores, standard deviation of differences, and standardized response means for continuous SUPER-KIDZ

items

a) at 1-week post-joint injection (all n=29, improved n=22)

Item | Question GRCP Mean Mean 1 Mean | SD diff SRM 95% CI
Pre-Ji week post-Ji diff
Q1 Current pain intensity All 4.07 2.86 -1.21 2.65 0.46 0.10-0.72
Improved 4.50 2.59 -1.91 2.27 0.84 0.42-1.26
Q2 Average pain intensity over All 4.45 3.69 -0.76 2.31 0.33 -0.03-0.69
past week Improved 4.63 3.36 -1.27 2.39 0.53 0.11-0.95
Q5 Number of painful body All 6.34 4.62 -1.72 3.47 0.50 0.14-0.86
locations Improved 6.36 4.32 -2.05 3.76 0.55 0.13-0.97
SRM=standardized response mean; JI=joint injection; SD=standard deviation; Cl=confidence interval
b) at 2 weeks post-joint injection (all n=27, improved n=22)
Item | Question GRCP Mean | Mean 2 weeks | Mean | SD diff SRM 95% CI
Pre-Jl post-Jl diff
Q1 Current pain intensity All 4.22 2.41 -1.81 2.20 0.82 0.44-1.20
Improved 4.59 2.32 -2.27 2.16 1.05 0.62-1.48
Q2 Average pain intensity over All 4.70 3.00 -1.70 2.45 0.69 0.31-1.07
past week Improved 4.91 2.86 -2.05 2.26 0.91 0.48-1.34
Q5 Number of painful body All 6.86 4.56 -2.30 3.50 0.66 0.28-1.04
locations Improved 6.45 4.00 -2.45 3.84 0.64 0.21-1.07

SRMs=standardized response mean; JI=joint injection; SD=standard deviation; Cl=confidence interval
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3.55

All variables: Wilcoxon signed rank analysis

When the change in scores of both the continuous and ordinal items were analyzed using the
Wilcoxon signed rank test, 7/20 items (Q1, Q5, Q8, Q13-Q16) showed statistically significant
change at 1 week post-injection, and 16/20 (80%) items (Q1-Q5, Q7-Q17) changed in a
statistically significant way at 2 weeks, which meets the criteria specified in H2b. Seven items

had p-values of 0.001 or smaller at 2 weeks (Table 19). The least responsive items included Q6

(fatigue), and 3 of the emotional items (Q18: angry, Q19: cheerful and Q20: worried).

Table 19: Results of Wilcoxon signed rank tests at 1 and 2 weeks post-joint injection (JI)

Item | Question 1 week post-JI (n=29) 2 weeks post-JI (n=27)
(expect mild improvement) (expect moderate-large
improvement
Median diff | S p- Median diff | S p-value
(IQR) value | value | (IQR) value
Q1 | Current pain 1.0(0.0-3.0) |73.0 |0.02 |1.0(0.0-4.0) | 104.0 | <.0001
Q2 | Average pain 0.0(-1.0-3.0) [445 |0.12 |2.0(0.0-3.0) | 94.0 |0.0007
Q3 | Pain frequency 0.0 (0.0-1.0) | 25,5 |0.15 |0.0(0.0-2.0)|415 |0.05
Q4 | Pain duration 0.0 (0.0-0.0) | 80 |056 |1.0(0.0-2.0)|71.0 |0.003
Q5 | #Painful locations | 0.5 (-1.0-4.0) | 79.5 | 0.006 | 2.0 (0.0-4.0) | 104.0 | <.0001
Q6 | Fatigue frequency | 0.0 (0.0-1.0) | 255 |0.16 |0.0(0.0-1.0)|13.0 |0.38
Q7 | Sleeping 0.0 (0.0-0.0) | 115 |0.37 |0.0(0.0-1.0) | 27.0 | 0.008
Q8 | Paying attention | 0.0 (0.0-1.0) | 30.0 [0.02 |0.0(0.0-1.0) | 47.0 |0.01
Q9 | Standing 0.0(-1.0-1.0) | 38.0 |0.21 |0.0(0.0-2.0) | 42.0 | 0.006
Q10 | Having fun 0.0 (0.0-1.0) | 455 |0.06 |0.0(0.0-1.0)|56.0 |0.002
Q11 | Schoolwork 0.0 (0.0-0.0) 75 1064 |0.0(0.0-1.0)|27.0 |]0.03
Q12 | Walk 1 block 0.0(0.0-1.0) 185 |0.31 |1.0(0.0-2.0)|525 |0.02
Q13 | Running 0.5(-1.0-2.0) | 740 |0.02 |1.0(0.0-2.0)|82.0 |0.001
Q14 | Want painto stop | 1.0 (0.0-2.0) | 755 |0.003 |2.0(0.0-3.0) | 76.5 | <.0001
Q15 | Afraid pain worse | 0.0 (0.0-1.0) | 545 |0.007 | 1.0(0.0-2.0) | 69.0 | 0.001
Q16 | Can’t stand it 0.0(0.0-1.0) |385 |0.03 |0.0(0.0-1.0)|70.5 |0.0002
Q17 | Feel sad 0.0 (0.0-1.0) [20.0 |0.30 |0.0(0.0-1.0)|28.0 |0.03
Q18 | Feel angry 0.0(0.0-0.0) |115 |0.24 |0.0(0.0-0.0)| 9.0 |[0.40
Q19 | Feel cheerful 0.0(-1.0-0.0) | -55 ]0.86 |0.0(0.0-1.0)| 115 |0.45
Q20 | Feel worried 0.0 (0.0-1.0) [27.0 |0.22 |0.0(0.0-1.0)|26.0 |0.08

IQR=interquartile range
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3.5.6 Regression analysis
3.5.6.1 Initial linear mixed model regression

Based on smallest AIC parameter, most of the linear mixed models fit best with a compound
symmetry variance matrix, however the models for Q5, Q10 and Q16 fit best with an
unstructured correlation matrix, Q7 and Q11 fit best with a heterogeneous compound
symmetry structure, and question 12 fit best with an autoregressive structure. This implies that
the response variation for the majority of items is homogeneous over time, however certain

items have a heterogeneous variance that was accordingly specified in the mixed model.

In the original models, the overall effect of time over the whole 2-week period was significant
in 13 of the 20 items (Q1-Q5, Q7-Q10, Q13-Q16) (Table 20). At 1 week, scores of 9/20 items
significantly improved (Q1, Q2, Q5, Q8, Q10, and Q13-Q16), and at 2 weeks, 16/20 (80%)
item scores significantly improved. These findings meet the criteria specified in H4. Half of the
p-values were 0.001 or smaller at 2 weeks. Question 6 (fatigue) and emotional items 18-20
(angry, cheerful, worried) were not found to significantly change by 2 weeks. These are the
same items that did not show responsiveness when analyzed using the Wilcoxon signed rank

test in section 3.5.5 above.

In terms of the magnitude of change in the units of the SUPER-KIDZ measure, the beta
coefficients for the items that significantly changed at 2 weeks ranged between 1.7 and 2.2
units for the continuous items (Q1, Q1, Q5) and between 0.36 and 1.48 units for the ordinal

variables.
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Table 20: Linear mixed models for repeated measures of SUPER-KIDZ items at 1- and 2- weeks post-joint injection (JI)
(#observations=86)

Item | Question Overall effect 1 week post-JI 2 weeks post-JlI
of time (expect mild improvement)* (expect moderate-large
improvement)*

F p-value B SE 95% ClI p-value B SE 95% CI | p-value
Q1 Current pain 8.18 | 0.0008 | 1.18 | 0.43 0.32-2.03 0.008 172 | 0.44 | 0.84-2.60 | 0.0003
Q2 Average pain 790 | 0.001 | 084 | 041 0.16-1.67 0.05 1.68 | 0.42 | 0.83-2.53 | 0.0002
Q3 Pain frequency 3.12 0.05 0.58 | 0.33 | -0.07-1.25 0.08 0.81 | 0.34 | 0.13-1.49 0.02
Q4 Pain duration 6.67 | 0.003 | 0.11 | 0.28 | -0.45-0.67 0.70 097 | 0.29 | 0.40-1.54 | 0.001
Q5 #Painful locations | 6.05 | 0.006 183 | 0.64 0.52-3.14 0.008 | 2.19 | 0.64 | 0.89-3.49 | 0.002
Q6 Fatigue frequency | 1.31 0.28 0.29 | 0.18 | -0.07-0.66 0.11 0.14 | 0.19 | -0.23-0.52 | 0.44
Q7 Sleeping 595 | 0.005 | 0.15 | 0.15 | -0.16-0.43 0.37 047 | 0.14 | 0.19-0.76 | 0.002
Q8 Paying attention 4.46 0.02 0.46 0.18 0.11-0.82 0.01 0.45 0.18 | 0.09-0.82 0.02
Q9 Standing 3.53 0.04 0.38 | 0.25 | -0.12-0.89 0.14 0.68 | 0.26 | 0.16-1.20 0.01
Q10 Having fun 6.86 | 0.004 | 053 | 0.26 0.01-1.06 0.05 0.69 | 0.19 | 0.31-1.08 | 0.001
Q11 | Schoolwork 2.88 0.06 0.13 | 0.17 | -0.21-0.48 0.44 0.39 | 0.16 | 0.06-0.71 0.02
Q12 | Walk 1 block 2.79 0.07 0.20 | 0.24 | -0.28-0.67 0.40 0.68 | 0.30 | 0.08-1.28 0.03
Q13 | Running 6.94 | 0.002 | 0.64 | 0.25 0.13-1.15 0.01 094 | 0.26 | 0.42-1.46 | 0.0007
Q14 | Wantpaintostop | 16.8 | <.0001 | 0.97 | 0.26 0.46-1.48 | 0.0004 | 1.48 | 0.26 | 0.96-2.00 | <.0001
Q15 | Afraid painworse | 9.02 | 0.0004 | 0.55 | 0.20 0.16-0.95 0.007 | 0.83 | 0.20 | 0.43-1.24 | 0.0001
Q16 | Can’tstand it 12.0 | 0.0002 | 0.59 | 0.22 0.13-1.04 0.01 0.88 | 0.20 | 0.47-1.28 | 0.0001
Q17 Feel sad 2.76 0.07 0.21 | 0.15 | -0.09-0.51 0.17 0.36 | 0.15 | 0.05-0.66 0.02
Q18 | Feel angry 1.01 0.37 0.17 | 0.13 | -0.09-0.42 0.19 0.14 | 0.13 | -0.12-040 | 0.29
Q19 | Feel cheerful 0.52 0.60 -0.06 | 0.21 | -0.49-0.37 0.77 0.16 | 0.22 | -0.28-0.60 | 0.47
Q20 | Feel worried 2.04 0.14 029 | 0.16 | -0.04-0.61 0.08 0.28 | 0.16 | -0.05-0.61 | 0.10

B =beta coefficient from regression model; SE=standard error; Cl=confidence interval; *as specified in H4
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3.5.6.2 Testing assumptions: normality of residuals and homoscedasticity

Examining the quantile-quantile plots (Appendix 9) for each model, the residuals appear
normally distributed for Q1, Q2 and Q14. Questions 4, 6 and 9 also have reasonably straight
residual plots. The remaining items have straight left tails due to the relatively large number of
zero responses on the ordinal scale. Some also plateau at the larger values. Unfortunately
logarithmic transformation was not possible for these models due to the zero values. Square
root and exponential transformations were performed and resulted in no change to the quantile-
quantile plots since the many zero values still had the same value after transformation. In the
case of Q5, there was only 1 zero response. As such, a log-transformation was possible (zero
value removed), and resulted in an improved quantile-quantile plot (Figure 9). In addition the
AIC decreased from 473.27 to 176.24. The disadvantage is that the model parameters need to
be exponentiated (e¥) in order to interpret the results.

Figure 9: Quantile-quantile plot of residuals for question 5 model before (left) and after (right)
log-transformation of dependent variable
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Homoscedasticity of the residuals was difficult to examine because of only 3 distinct time
points and the ordinal nature of the data. In general, the plots of studentized residuals versus
predicted values were symmetrically distributed among the 3 points and none of the models

had gross heteroscedasticity (Appendix 9).

3.5.6.3 Identification of potentially influential outliers

Several potentially influential observations were identified based on Cook’s D criteria (> 4/n =
0.05 for n of 86). A priori, it was decided to look for observations that significantly changed

model parameters (i.e. F statistic, B coefficient), and to then assess whether they should be
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removed based on several factors including the magnitude of the difference between predicted

and observed values, the clinical information given by the subject, and whether the

observations led to more or less conservative parameter estimates. The models for Q2, Q3, Q9,

Q12, Q17 and Q20 contained observations that significantly changed the model parameters

upon removal (Table 21), and these specific changes are highlighted in Table 22.

Table 21: Potentially influential observations for linear mixed model regression and impact on
the model parameters

Item Subject Obs Pred | Cook’s | Change in model parameters upon
(visit#)* | value | value D removal of influential observation
1- Curr pain | 27 (visit 4) 7 2.3 0.09 | No change
2- Avg pain | 36 (visit 2) 8 2.9 0.06 | 1 week P insignificant
3- Pain 26 (visit 2) 6 4.6 0.08 | Overall model insignificant
frequency 36 (visit 2) 7 4.6 0.07 | Overall model & 2 week p
insignificant
4- Duration | 31 (visit 4) 1 3.4 0.11 | No change
5°- Locations | 48 (visit 4) 0 0.9 0.14 | No change
6- Fatigue 28 (visit 4) 4 2.1 0.08 | No change
frequency 28 (visit 3) 1 2.0 0.08 | No change
7- Sleeping | 33 (visit 4) 3 0.4 0.10 | No change
8- Pay attn 38 (visit 3) 4 0.7 0.09 | No change
9- Standing | 26 (visit 2) 4 1.7 0.09 | Overall model insignificant
43 (visit 4) 4 1.0 0.06 | No change
10- Have fun | 31 (visit 3) 3 1.2 0.08 | No change
31 (visit 4) 0 1.0 0.08 | No change
43 (visit 4) 4 1.0 0.08 | No change
11- School 33 (visit 2) 4 1.1 0.10 | No change
12- Walk 1 | 43 (visit 4) 4 0.9 0.10 | Overall model significant
block 46 (visit 2) 4 1.6 0.09 | No change
13- Running | 26 (visit 2) 3 1.4 0.07 | No change
27 (visit 4) 4 2.4 0.07 | No change
14- Think 29 (visit 3) 4 1.4 0.07 | No change
15- Worse 43 (visit 4) 4 0.8 0.13 | No change
16- Can’t 29 (visit 3) 2 0.8 0.10 | No change
stand it 29 (visit 4) 0 0.6 0.10 | No change
40 (visit 2) 4 1.4 0.10 | No change
17- Sad 29 (visit 2) 0 1.2 0.08 | Overall model significant
24 (visit 3) 1 1.0 0.07 | Overall model significant
18- Angry 25 (visit 2) 3 1.1 0.12 | No change
19- Cheerful | 31 (visit 4) 4 1.4 0.10 | No change
20- Worried | 30 (visit 3) 2 1.1 0.09 | Overall model & 1 week B
significant

*If >1 influential observation, each removed sequentially starting with largest Cook’s D. If no change
noted with first observation, then stop; §Log-transformed model for Q5
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Table 22: Key changes in linear mixed model parameters (boxed values) upon removal of
influential observations

Item Overall 1 week post-JI 2 weeks post-JlI
effect of time
F p- B SE | 95% CI p- B SE |95%CIl |p-
value value value
2-avgpain | 700 | 0.002 J0.70 §0.40 |-0.10-1.51 J0.08 J154 |0.41 |0.71-2.36 | 0.0005

3"- freg 1.57 }0.22 031 |0.29 |-0.28-090 |0.30 §0.53 §0.30 |-0.07-1.14§0.08

9%-standing | 2.80 J0.07 0.27 |0.23 |-0.20-0.74 |0.26 | 057 |0.24 |0.09-1.05 | 0.02

9"-standing | 3.74 §0.03 030 | 023 |-0.17-0.76 |0.21 |0.66 |0.24 |0.18-1.14 | 0.009

12- walk 4.30 §0.02 025 | 022 |-0.19-0.70 |0.26 | 0.81 |0.29 |0.24-1.39 | 0.006

17 -sad 4.90 §0.01 0.20 |0.13 |-0.06-0.47 0.13 | 042 |0.13 | 0.15-0.69 | 0.002

20-worried § 3.08 ] 0.05 0.35 J0.15 | 0.05-0.66 0.02 §0.27 |0.15 |-0.03-0.58 | 0.08

JI=joint injection; B =beta coefficient from regression model; SE=standard error; *one influential
observation (26 [visit 2]) removed; *both influential observations removed

For Q2 and Q3, the influential observations identified were all from visit 2 (one day pre-
injection). These observations were at the high end of the response scale, and when they were
removed, the overall model and/or B parameters became insignificant. Thus, since the models
were so sensitive to these 1 or 2 observations, they were removed from the final models in
order to be conservative. For Q9, removal of the high value from subject 26 (visit 2) resulted in
an insignificant F statistic. However, removal of another influential observation from 2 weeks
post-injection (subject #43, visit 4) resulted in no overall change in the model parameters.
Thus, the original model was kept for Q9. Subject #43 (visit 4) also reported a high value for
Q12, and removal of this data point resulted in the overall model becoming significant
(F=2.79, p=0.07 > F=4.30, p=0.02). In this case, we recall that subject #43 was the patient
who had a complication at 1 week post-injection and therefore he/she may still have inflated
scores at the 2-week time point (visit 4). Thus, this observation was removed for the final Q12
model. For Q17 and Q20, removal of the influential observations resulted in a significant effect
of time for the overall models. The observed values were not particularly different form the
predicted values, and there was no clinical reason to exclude these observations. Also given
that the 1- and 2- week beta coefficients changed very minimally, the original models were
retained for Q17 and Q20.
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3564 Final linear mixed models

In the final regression models, which reflected the changes made after model diagnostics, the
overall effect of time over the whole 2-week period was significant in 13 of the 20 items (Q1,
Q2, Q4, Q5, Q7-10, Q12-16) (Table 23). At 1 week post-injection, scores of 8/20 items
significantly improved (Q1, Q5, Q8, Q10, and Q13-16). At 2 weeks post-injection, 15/20
(75%) item scores significantly improved (Q1, Q2, Q4, Q5, Q7-17), which meets the criteria
specified in H4. Nine of the p-values were 0.001 or smaller at 2 weeks. Question #3 (pain
frequency), question #6 (fatigue) and emotional items #18-20 (angry, cheerful, worried) were
not found to significantly change after injection. Note that Q3 is no longer found to be

responsive by the regression method after removal of the influential outliers identified in

section 3.5.6.5. This is consistent with the borderline p=0.05 by the Wilcoxon signed rank test

in section 3.5.5 above.

The magnitude of change in units of the SUPER-KIDZ measure at 2 weeks ranged between 1
and 1.8 units per unit time for the continuous items (Q1, Q2, Q5), and between 0.36 and 1.48

5

units per unit time for the ordinal variables. The ordinal items with beta coefficients close to a

1-unit decrease in score at 2 weeks included Q4 (pain duration), Q12 (walk 1 block), Q13
(running), Q14 (thinking about how much wanted pain to stop), Q15 (afraid pain would get
worse), and Q16 (couldn’t stand it anymore). The continuous item with the greatest magnitud
of change was Q5 (number of painful body areas) and the most responsive ordinal item was
Q14 (B=1.76 and B=1.48 respectively).

e
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Table 23: Final linear mixed models for repeated measures of SUPER-KIDZ items at 1- and 2- weeks post-joint injection (JI) after

model diagnostics performed

Item | Question Overall effect 1 week post-JI X 2 weeks post-JlI
of time (expect mild improvement) (expect moderate-l*arge
improvement)

F p-value B SE 95% ClI p-value | PB SE 95% CI p-value
Q1 Current pain 8.18 | 0.0008 | 1.18 | 0.43 0.32-2.03 0.008 | 1.72 | 0.44 | 0.84-2.60 | 0.0003
Q2' Average pain 7.00 | 0.002 | 0.70 | 0.40 | -0.10-1.51 0.08 | 154 | 041 | 0.71-2.36 | 0.0005
Q3! Pain frequency 1.57 0.22 031 | 0.29 | -0.28-0.90 0.30 | 0.53 | 0.30 | -0.07-1.14 0.08
Q4 Pain duration 6.67 | 0.003 | 0.11 | 0.28 | -0.45-0.67 0.70 | 0.97 | 0.29 | 0.40-1.54 0.001
Q5° #Painful locations | 12.7 | 0.001 1.34 | 0.13 1.02-1.74 0.03 | 176 | 0.12 | 1.39-2.25 | <.0001
Q6 Fatigue frequency | 1.31 0.28 0.29 | 0.18 | -0.07-0.66 0.11 | 0.14 | 0.19 | -0.23-0.52 0.44
Q7 Sleeping 595 | 0.005 | 0.15 | 0.15 | -0.16-0.43 0.37 | 047 | 0.14 | 0.19-0.76 0.002
Q8 Paying attention 4.46 0.02 0.46 0.18 0.11-0.82 0.01 0.45 | 0.18 | 0.09-0.82 0.02
Q9 Standing 3.53 0.04 0.38 | 0.25 | -0.12-0.89 0.14 | 0.68 | 0.26 | 0.16-1.20 0.01
Q10 Having fun 6.86 | 0.004 | 053 | 0.26 0.01-1.06 0.05 | 0.69 | 0.19 | 0.31-1.08 0.001
Q11 | Schoolwork 2.88 0.06 0.13 | 0.17 | -0.21-0.48 044 | 0.39 | 0.16 | 0.06-0.71 0.02
Q12" | walk 1 block 4.30 0.02 025 | 0.22 | -0.19-0.70 0.26 | 0.81 | 0.29 | 0.24-1.39 0.006
Q13 | Running 6.94 | 0.002 | 0.64 | 0.25 0.13-1.15 0.01 | 094 | 0.26 | 0.42-1.46 | 0.0007
Q14 | Wantpaintostop | 16.8 | <.0001 | 0.97 | 0.26 0.46-1.48 | 0.0004 | 1.48 | 0.26 | 0.96-2.00 | <.0001
Q15 | Afraid painworse | 9.02 | 0.0004 | 0.55 | 0.20 0.16-0.95 0.007 | 0.83 | 0.20 | 0.43-1.24 | 0.0001
Q16 | Can’tstand it 12.0 | 0.0002 | 0.59 | 0.22 0.13-1.04 0.01 | 0.88 | 0.20 | 0.47-1.28 | 0.0001
Q17 Feel sad 2.76 0.07 0.21 | 0.15 | -0.09-0.51 0.17 | 0.36 | 0.15 | 0.05-0.66 0.02
Q18 | Feel angry 1.01 0.37 0.17 | 0.13 | -0.09-0.42 0.19 | 0.14 | 0.13 | -0.12-0.40 0.29
Q19 | Feel cheerful 0.52 0.60 -0.06 | 0.21 | -0.49-0.37 0.77 | 0.16 | 0.22 | -0.28-0.60 0.47
Q20 | Feel worried 2.04 0.14 029 | 0.16 | -0.04-0.61 0.08 | 0.28 | 0.16 | -0.05-0.61 0.10

E =beta coefficient from regression model; SE=standard error; as specified in H4; "influential observations removed:
log-transformed model (exponentiated B reported)
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3.5.7 ROC Curve Analysis

The ROC curve analysis was performed using the 2-week post-injection data since it was more
strongly responsive based on the previous responsiveness analyses. The group was divided
according to whether subjects had improved (n=22) or not (n=5) according to the external
criterion GRCP response. Based on the distribution of change scores (presented in section
3.5.2), it would be expected that Q1-Q4, Q12 and Q13 would be among the strongest items in

distinguishing the improved from the not improved patients.

Nine of the 20 items (Q1-4, Q10, Q12-15) met the criteria of an AUC >0.70, however the AUC
for Q2 and Q15 had a 95% confidence interval including 0.50 (Table 24). Thus, questions
about current pain intensity (Q1), pain frequency (Q3), pain duration (Q4), difficulty having
fun (Q10), difficulty walking (Q12), difficulty running (Q13) and thinking about how much

wanted pain to stop (Q14) were found to be the most responsive items by this analysis.

The corresponding ROC curves are shown in Appendix 10. Three of the models (Q6, Q17,
Q19) have an AUC of <0.50, although the confidence intervals all cross 0.50. An AUC of 0.50
would be expected by random chance, indicating that the items are not helpful in distinguishing
between patients with improved pain or not, and are unlikely associated with this outcome. An
AUC of <0.50 should not occur unless the test is consistently being interpreted incorrectly by
the subjects or the item is inversely associated with the external criterion [136]. Interestingly,
the least responsive items once again included Q6 and Q19, consistent with the previous

responsiveness analyses.

In terms of change scores, the general trend was that while a change of +1 was reasonably
sensitive (>0.70) for improvement in some of the items, the sensitivity of this cut-off was fairly
poor overall (0.23-0.68). A change score of 0 had much better sensitivity (>0.90) but lower
specificity. Accuracy also tended to be highest (0.74-0.85) with a cut-off of 0. This is likely
because some of the subjects reporting improvement at the 2-week time point via the GRCP
gave the same or worse SUPER-KIDZ scores.
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Table 24: Sensitivity, specificity, and accuracy at different levels of change for each SUPER-
KIDZ item at 2 weeks post-joint injection (n=27: of which 22 improved and 5 not improved)

Item Change | Sensitivity | Specificity | Accuracy | AUC | SE | 95% CI | Lower

score 95% CI

(x) >0.50

Q1 — Current -1 0.95 0.00 0.78 0.88 | 0.07 | 0.74-1.00 | YES
pain intensity 0 0.95 0.40 0.85
1 0.82 0.80 0.81
2 0.59 1.00 0.67
3 0.45 1.00 0.56

Q2 — Average -1 0.95 0.20 0.81 0.72 | 0.16 | 0.40-1.00 NO
pain intensity 0 0.86 0.40 0.78
over past 1 0.73 0.80 0.74
week 2 0.64 0.80 0.67
3 0.36 0.80 0.44

Q3 —Pain -1 0.91 0.40 0.81 0.86 | 0.07 | 0.72-1.00 | YES
frequency 0 0.91 0.60 0.85
1 0.55 1.00 0.63
2 0.45 1.00 0.56

Q4 —Pain -1 1.00 0.00 0.81 0.79 | 0.10 | 0.60-0.99 | YES
duration 0 0.91 0.40 0.81
1 0.64 0.80 0.67
2 0.36 1.00 0.48

Q5 — Number -1 0.95 0.00 0.78 0.57 | 0.12 | 0.34-0.80 NO
of painful 0 0.91 0.00 0.74
body 1 0.73 0.20 0.63
locations 2 0.64 0.40 0.59
3 0.36 0.80 0.44
4 0.32 1.00 0.44

Q6 — Fatigue -1 0.95 0.00 0.78 0.40 | 0.11 | 0.18-0.62 NO
frequency 0 0.82 0.00 0.67
1 0.27 0.60 0.33
2 0.09 1.00 0.26

Q7 - -1 1.00 0.00 0.81 0.60 | 0.10 | 0.41-0.80 NO
Difficulty 0 0.95 0.00 0.78
sleeping 1 0.41 0.80 0.48
2 0.18 1.00 0.33

Q8 — -1 1.00 0.00 0.81 0.66 | 0.16 | 0.36-0.97 NO
Difficulty 0 0.95 0.40 0.85
paying 1 0.50 0.60 0.52
attention 2 0.14 1.00 0.30

Q9 - -1 1.00 0.00 0.81 0.59 | 0.19 | 0.22-0.96 NO
Difficulty 0 0.95 0.40 0.85
standing 1 0.41 0.60 0.44
2 0.27 0.60 0.33

Q10 - -1 1.00 0.00 0.81 0.74 | 0.11 | 0.53-0.95 | YES
Difficulty 0 0.95 0.20 0.81
having fun 1 0.59 0.80 0.63
2 0.23 1.00 0.37
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Item Change | Sensitivity | Specificity | Accuracy | AUC | SE | 95% CI | Lower

score 95% ClI

(x) >0.50

Q11 - -1 1.00 0.00 0.81 0.59 | 0.15 | 0.30-0.88 NO
Difficulty 0 0.91 0.20 0.78
doing 1 0.36 0.80 0.44
schoolwork 2 0.18 0.80 0.29

Q12 - -1 1.00 0.20 0.85 0.91 | 0.06 | 0.80-1.00 | YES
Difficulty 0 0.95 0.60 0.89
walking 1 1 0.64 1.00 0.70
block 2 0.36 1.00 0.48

Q13- -1 0.95 0.00 0.78 0.92 | 0.05 | 0.82-1.00 | YES
Difficulty 0 0.95 0.60 0.89
running 1 0.77 1.00 0.81
2 0.41 1.00 0.52

Q14 — Keep -1 - - - 0.78 | 0.10 | 0.59-0.97 | YES
thinking how 0 1.00 0.00 0.81
much want 1 0.73 0.80 0.74
pain to stop 2 0.59 0.80 0.63

Q15 — Afraid -1 1.00 0.20 0.85 0.74 | 0.14 | 0.46-1.00 NO
pain will get 0 0.95 0.20 0.81
worse 1 0.68 0.80 0.70
2 0.41 0.80 0.48

Q16 — Can’t -1 1.00 0.00 0.81 0.50 | 0.14 | 0.24-0.77 NO
stand it 0 0.95 0.00 0.78
anymore 1 0.59 0.40 0.56
2 0.23 0.80 0.33

Q17 — Feel -1 1.00 0.00 0.81 0.32 | 0.13 | 0.06-0.58 NO
sad 0 0.91 0.00 0.74
1 0.32 0.40 0.33
2 0.05 0.80 0.19

Q18 — Feel -1 1.00 0.00 0.81 0.66 | 0.09 | 0.49-0.84 NO
angry 0 0.91 0.20 0.78
1 0.27 1.00 0.41
2 0.05 1.00 0.22

Q19 — Feel -1 0.91 0.00 0.74 0.35 | 0.16 | 0.03-0.67 NO
cheerful 0 0.82 0.20 0.70
1 0.23 0.40 0.26
2 0.14 0.80 0.26

Q20 — Feel -1 1.00 0.00 0.81 0.55 | 0.11 | 0.34-0.77 NO
worried 0 0.86 0.00 0.70
1 0.41 0.80 0.48
2 0.05 1.00 0.22

Sensitivity = probability of having change score of >x, given that pain has improved. Specificity =
probability of not having change of >x, given that pain has not improved. Accuracy = percentage of

patients whose change score of >x correctly classifies them as better or not better
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3.5.8

Summary of responsiveness analyses

Responsiveness at 1-week post-joint injection was demonstrated for 9 of the 20 (45%) SUPER-
KIDZ items by at least one statistical method: Q1, Q5, Q8, Q10, Q13-16 (Table 25). As
predicted in study hypothesis H2, the SUPER-KIDZ items were more responsive at 2 weeks

post-injection with an increase in both the number of responsive questions identified and the
magnitude of the results. At 2 weeks post-injection, 16 of 20 (80%) SUPER-KIDZ items (Q1,
Q2, Q4, Q5, Q7-17) demonstrated responsiveness based on at least one analysis (Table 26).

The most consistently responsive items across all analyses were Q1, Q2, Q4, Q10, and Q12-

Q15. Question #5 and #16 were also strongly responsive based on the SRM, Wilcoxon signed

rank, and mixed model regression analyses, but not by the ROC curve analysis.

Table 25: Summary of responsiveness results for SUPER-KIDZ items at 1-week post-joint
injection (all n=29, improved n=22)

Domain Item | Question SRM Wilcoxon | Mixed model
(all/ improved | Signed regression
subjects) Rank
Pain Q1 | Current pain YIY Y Y
characteristics | Q2 | Avg pain past week YIY N N
Q3 | Pain frequency N N
Q4 | Pain duration N N
Q5 | # Painful locations YIY Y Y
Associated Q6 | Fatigue frequency N N
Q7 | Sleeping N N
Interference | Q8 | Paying attention Y Y
Q9 | Standing N N
Q10 | Having fun N Y
Q11 | Schoolwork N N
Q12 | Walk 1 block N N
Q13 | Running Y Y
Q14 | Want pain to stop Y Y
Q15 | Afraid get worse Y Y
Q16 | Can’t stand it anymore Y Y
Emotional Q17 | Feel sad N N
Q18 | Feel angry N N
Q19 | Feel cheerful N N
Q20 | Feel worried N N
Totals: Yes=3 Yes=8 Yes=9

Yes = met pre-specified criteria for responsiveness at 1 week
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Table 26: Summary of responsiveness results for SUPER-KIDZ items at 2-weeks post-joint
injection (all n=27, improved n=22)

Domain Item | Question SRM Wilcoxon Mixed ROC
(all/improved Signed model Curve
subjects) Rank regression | analysis
Pain Q1 | Current pain YIY Y Y Y
characteristics | Q2 | Avg pain past week YIY Y Y Y®
Q3 | Pain frequency Y N Y
Q4 | Pain duration Y Y Y
Q5 | # Painful locations YIY Y Y N
Associated Q6 | Fatigue frequency N N N
Q7 | Sleeping Y Y N
Interference | Q8 | Paying attention Y Y N
Q9 | Standing Y Y N
Q10 | Having fun Y Y Y
Q11 | Schoolwork Y Y N
Q12 | Walk 1 block Y Y Y
Q13 | Running Y Y Y
Q14 | Want pain to stop Y Y Y
Q15 | Afraid get worse Y Y %
Q16 | Can’tstand it Y Y N
anymore
Emotional Q17 | Feel sad Y Y N
functioning | Q18 | Feel angry N N N
Q19 | Feel cheerful N N N
Q20 | Feel worried N N N
Totals: Yes=3 Yes=16 Yes=15 Yes=9

Yes = met pre-specified criteria for responsiveness at 2 weeks; SAUC>0.70 but 95% CI crosses

0.50
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4  DISCUSSION
4.1 Key findings of the study

This prospective study with repeated measures assesses the test-retest reliability and
responsiveness of a new multi-dimensional pain measure, the SUPER-KIDZ tool, in a
population of 51 JIA patients aged 8-18 years. This is the first study to examine the
measurement properties of a web-based pain measure in children and youth with JIA, and
begins to fill a long-standing gap of a validated comprehensive pain assessment measure in
paediatric rheumatology. We found that the 3 SUPER-KIDZ subscales have good internal
consistency (ordinal 0=0.73-0.92). Fifteen of the 20 SUPER-KIDZ items appear to have
acceptable test-retest reliability (ICC [2,1] or weighted k >0.80) (Table 16), and the sensory
questions (Q1-Q5) were the most strongly reliable (reliability coefficients 0.76-0.97). Sixteen
of the SUPER-KIDZ items achieved the criteria for responsiveness at 2 weeks by several
analytic methods (Table 26). The most strongly responsive questions for the measurement of
pain in patients with JIA included most of the sensory items (Q1, Q2, Q4, Q5) as well as many
of the interference items (Q10, Q12-Q16). If the final analysis corroborates these interim
analyses, it is worthwhile to move forward in investigating construct validity of the tool and

the measurement properties of the other versions of the measure (young child and parent-

proxy).

4.2 Discussion of study results

421 Internal consistency of the SUPER-KIDZ tool

The 3 SUPER-KIDZ subscales had acceptable ordinal reliability o parameters. The results are
similar to Cronbach a values for other comparable measures, including the PedsQL ‘Pain and
hurt’ subscale (¢=0.86) and ‘Emotional functioning’ subscale (0=0.79) [67], and the Pain
Catastrophizing Scale (a=0.68-0.79) [118]. The interference (cognitive-evaluative) subscale
had the highest ordinal reliability a (0.92), likely because it has the most items. It is somewhat
lower than for the original PROMIS pain interference scale (0=0.96-0.99) [137], which
contained 41 items, and did not include cognitive questions.

Question #19 (feeling cheerful) had an ITC of <0.30, suggesting that it is not helpful in

discriminating between patients with higher or lower mood from pain. This may be because it
79



was the only question written in a reverse scoring order (higher score meant more cheerful
versus lower score meant less sad/angry/worried for the other affective items), which could be
confusing for the children completing the questionnaire. Likewise, it may not be a useful item
for assessment of emotional function. Also, the ordinal reliability o parameter increased upon
removal of Q19, suggesting that it may not measure the same construct as the other items in the
emotional domain. Thus, as written, Q19 may not be suitable for inclusion in the emotional
functioning domain of the SUPER-KIDZ tool. The wording and response options may require

revision to make it more similar to the other items in the scale (see section 4.3).

4.2.2 Test-retest reliability

It is likely that the majority of the SUPER-KIDZ items are reliable, given that the reliability
coefficients for 15 of the 20 items met the hypothesized criteria of >0.80 in at least one
analysis. Our results provide reasonable evidence for reliability when compared to the test-
retest reliability of other pediatric and adult pain measures. The Bath Adolescent Pain
Questionnaire (BAPQ) assesses the impact of chronic pain on adolescents, and includes social
and physical functioning as well as depression and anxiety subscales. The test-retest reliability
correlation coefficients of the BAPQ subscales over a period of 17 days in adolescent
rheumatology patients (some with JIA) were 0.79-0.94 [138]. The Pediatric Pain Questionnaire
has also been studied in children aged 8-16 years with rheumatic conditions. The pain intensity
items (10 cm-VAS) were found to have “moderate stability” (correlations of 0.41 and 0.33 for
current pain and worst pain over past week respectively) over a 6-month time frame [63].
Reviews on the psychometric properties of the 10 cm-pain VAS in other pediatric populations
report reliability coefficients of 0.58-0.70 [61, 139]. Note that none of the pediatric studies
used ICC or kappa parameters to evaluate test-retest reliability thus cannot be directly
compared with our results. Childs et al measured the ICC (2,1), SEM and MDCgs of thell-
point NRS in adults with chronic low back pain (LBP) [140]. In subjects with self-reported
‘stable’ pain over 1 week, the ICC was 0.61 (0.30-0.77), which is slightly lower than our
results of 0.76-0.87 for the 11-point SUPER-KIDZ items Q1 (current pain intensity) and Q2
(average pain intensity over past week) in stable JIA patients. The SEM and MDCygs for the 11-
point NRS were 1.02 and 1.99 units respectively, which are somewhat smaller than our results
for Q1 and Q2. In addition, while the pediatric body location pain map has been tested in

children, reliability has not been assessed beyond percent agreement of number of painful sites
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(91%) [119, 141]. The ICC of the McGill pain map in adult rheumatology patients was found
to be between 0.71-0.84 for number of painful areas [142], which is similar to our findings of
ICC between 0.70-0.91 for Q5 (number of painful body locations). Although the above results
are difficult to compare with those of the current study given the differing time frames,
populations, and reliability statistics used, it appears that our results for test-retest reliability

and measurement error are similar or better than those reported in the existing literature.

Within both reliability subgroups, less than half of the subjects reported stability in pain over
the corresponding 1-week time period, and a proportion of subjects reported worsening (15-
30%) or improvement (24-38%) in pain. It could be that these patients had a change in disease
activity over the 1-week study period, although we do not have repeated disease measures to
verify this. This finding was not too unexpected, as the fluctuating nature of pain in JIA has
been clearly documented in previous studies [28, 63, 65, 142]. For example, the eOuch diary
study[65] showed considerable variability in pain intensity, unpleasantness, and interference
both within and between days, and that adolescents tended to report higher scores in the
mornings. Thus, the time of day that subjects completed the questionnaire may have impacted
their responses, although the entries were not time-stamped. The variability in pain may also be
due to the previously described findings that the pain experience in JIA depends only partially
on disease activity, and is also related to other factors such as cognitive-behavioural, emotional
and environmental influences. These predictors were not specifically measured in the current
study, but our data supports the importance of assessing these influences as part of a
comprehensive pain evaluation. Knowledge of these issues led to a priori selection of the lower
criterion of 0.80 for the reliability coefficients of the SUPER-KIDZ pain measure.

Several interesting trends emerged in the test-retest reliability analyses. The questions with the
strongest evidence of test-retest reliability were the pain characteristic items (Q1-Q5). In
contrast, Q7 (difficulty sleeping), Q10 (difficulty having fun), Q14 (thinking about how much
want pain to stop), Q15 (afraid pain would get worse) and Q18 (feeling angry) did not achieve
the hypothesized value in any of the analyses. Aside from Q7, these questions have a cognitive
or emotional component, and thus may be more prone to fluctuation from moment to moment
even with stable pain intensity. In addition, lower kappas were obtained when the analysis was
limited to the stable subjects (secondary analysis). These results highlight some of the

limitations associated with calculating kappas in small sample sizes. Kappa is an average rate
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of agreement and, consequently, a few particularly large agreements or disagreements,
especially in a very small sample size, can give misleading results [72]. In addition, a high
kappa depends on scores in the cells along the diagonal of a cross-table of the responses, that
iS, when there is an even distribution of marginals. A homogeneous population, for example
arising from clustering at the low or high end of the scale (floor and ceiling effects), gives a
skewed marginal distribution. This leads to a higher fraction of chance agreement, and leaves
less room for real agreement [74, 143]. Thus, the homogeneity of Q7, Q14 and Q18 may also
partially explain the lower reliability values obtained for these items.

The weighted kappa results tended to be higher in the ‘injected’ group compared with the ‘not
injected” group. Poor agreement may occur if patients are giving different responses on repeat
testing for a systematic reason, for example, due to a regression to the mean phenomenon in
the ‘not injected’ group that was starting with higher pain scores [123]. To support this
hypothesis, the test 1 scores tended to be higher in the ‘not injected’ group compared with the
‘injected’ group, and the differences between test 2-test 1 scores for the ‘not injected’ group
were consistently negative. Another possibility is that some of the subjects may have had a
change in therapy several weeks prior to enrolling in the study, and this was still taking effect,
as arthritis medications often take weeks or months to reach maximum effectiveness.
Interestingly, Stinson et al [65] also found that levels of pain intensity, interference,
unpleasantness and stiffness decreased over the course of one week in adolescents using the
eOuch pain diary. Although some of the patients had a change in medication, the difference
was not fully explained by this variable. Thus, a combination of factors may be contributing to

the lower reliability parameters observed in the ‘not injected’ group.

4.2.3 Responsiveness

The majority of study subjects reported improvement in pain after intra-articular steroid
injection, as expected based on existing evidence [8, 132, 144]. Many of the SUPER-KIDZ
items appear to be responsive to this change in pain, given that 16 of the 20 (80%) items met
the hypothesized criteria at 2-weeks post-injection in at least one analysis. The consistently
least responsive items by all methods included fatigue frequency (Q6), and emotional items
Q18 (feeling angry), Q19 (feeling cheerful) and Q20 (feeling worried). Of these, Q18 and Q20
appeared to have floor effects, which may contribute to the poor responsiveness. This
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observation may also reflect the fact that individuals are unlikely to experience a profound
change in fatigue frequency and mood symptoms in response to a purely medical intervention,
and over a short time frame. It might be more relevant to assess responsiveness of these items
after a psychological intervention such as CBT. These findings are similar to those reported in
a previous study where Stinson et al assessed the responsiveness of the e-Ouch®© pain diary in
adolescents undergoing joint injection, and found that patients’ fatigue score did not
significantly change after injection based on insignificant repeated-measures ANOVA and ES
of 0.26 at 2 weeks post-injection [65]. Also, the ‘psychosocial health’ scale of the PedsQL was
found to have a lower ES (0.72) than the pain intensity (1.19) and physical function (1.00)
scales when measured after medical treatment of the child’s rheumatic condition [67]. Thus, it
appears that measures of fatigue and emotional function are less reflective of change in pain in

patients with JIA undergoing medical treatment compared with sensory and interference items.

As predicted in study hypothesis H2, the SUPER-KIDZ items were more responsive at 2 weeks
post-injection compared to 1 week post-injection, with an increase in both the number of
responsive questions identified and the magnitude of the results. These results are also
consistent with Stinson et al [65] who reported a significant effect of time at 2 weeks post-
injection but not at 1-week post-injection for the pain intensity, unpleasantness, and
interference scales of the e-Ouch®© pain diary. The ES were low-moderate (0.22-0.33) at 1
week post-injection, and moderate-high (0.52-0.71) at 2 weeks post-injection. These findings
suggest that an assessment of pain 2 weeks after joint injection is likely to yield a significant

change in response if there has been improvement in pain.

At the 2-week time point, the magnitude of change in the pain intensity scores (Q1, Q2) in the
primary analysis was approximately 1.7 units on the 11-point scale, which is similar to a study
by Brostrom et al who reported a median change of 1.5 units in pain intensity in JIA patients 2
weeks after joint injection [144]. Stinson et al reported a smaller change of 0.7 units in pain
intensity 2 weeks post-joint injection [65], which may be due to the lower baseline pain scores
in their sample. The changes in score for Q1 and Q2 are smaller than the MDCgys of 3-4 units
determined through reliability testing. Similarly, the magnitude of change for Q5 (2.3) is
considerably smaller than the corresponding MDCgs of 6-8 units. Thus, these change scores are
within measurement error for this sample. The large measurement error in our sample may be
due to several factors including small sample size, instability of the pain construct, and
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regression to the mean phenonomenon. Analysis of the full target sample will hopefully reduce
the SEM and MDCgs. In addition, a formal evaluation of the MCID for the SUPER-KIDZ
items would be important to determine how this value compares to the MDCgs. This could be
done using an anchor-based approach to identify “minimally changed” patients (e.g. patients
reporting they are “a little better” on GRCP), as was done by Filocamo et al in their evaluation
of the 21-numbered circle VAS in JIA patients [145]. Using this method they found an MCID
of -1.1to -2.2 in slightly improved patients. Revicki et al [146] emphasize the importance of
ensuring that the external anchor correlates with the measure under study, and being confident
about what constitutes a minimal change in the anchor itself. They note that retrospective self-
report may be subject to recall bias, and encourage the use of several independent anchors in

several different samples to get a range of MCID values.

As expected, the magnitude of the responsiveness results for the SUPER-KIDZ items differed
according to the type of change being examined. For example, larger SRMs were obtained
when measuring change in the patients deemed to have improved by the GRCP as compared to
the whole joint injection cohort. Similarly, in studies of adults with LBP, the ES of the 11-point
pain intensity NRS increased from 1.1 in the whole group to 1.5 when the analysis was limited
to patients who self-reported improvement [140, 147]. The ROC curve analysis results also
highlight the point that responsiveness depends on the construct of change. Although Q3 (pain
frequency) was not found to be responsive by the regression method, it was among the more
responsive items identified in the ROC curve analysis. Thus Q3 may be a good item for
distinguishing improved from unimproved individuals, despite having borderline internal
responsiveness. Conversely, Q5 (number of painful body locations) was found to be responsive
using the SRM, Wilcoxon Rank Sum and regression but not by the ROC curve analysis.
Husted et al also found differing results for internal and external responsiveness of physical
function measures in psoriatic arthritis patients [87], underscoring the importance of specifying
the construct of change being quantified when designing a responsiveness study. Thus, our
results are consistent with the concept that the magnitude of the responsiveness parameter

depends on the construct of change under study [93].
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4.3 Suggestions for modification of the SUPER-KIDZ tool

Based on the results of this study, it would be reasonable to consider modifying certain of the
SUPER-KIDZ items found to have less acceptable measurement properties. Question #19
(feeling cheerful) correlated poorly with the other items in the emotional subscale, thus this
item should likely be modified. Firstly, the scale could be changed so that it increases in the
same direction as the other items or it should be separated from the other items and given a
distinct scale. Secondly, we could consider using different wording to describe the underlying
construct (e.g. “happy”, “glad”). As noted above, Q19 along with Q6 (fatigue frequency), Q18
(feeling angry), and Q20 (feeling worried) do not appear responsive to change in pain after a
joint injection. In order to limit the impact of factors other than pain on mood score, it may be
worthwhile to modify the wording of the instructions to specify: “how often you have felt this
way because of pain?”” These items should also be re-evaluated after a cognitive intervention

for pain to determine responsiveness in this scenario.

Items #7 (difficulty sleeping), #10 (difficulty having fun), #14 (thinking about how much want
pain to stop), #15 (afraid pain would get worse) and #18 (feeling angry), did not meet the
criteria for test-retest reliability. However, all of the weighted kappas were between 0.60-0.77,
thus they are reasonably reliable given the instability of the pain construct. Floor and ceiling
effects may contribute in part to the low reliability coefficients for Q7, Q14 and Q18. For
these, and the other items with floor (Q8, Q11, Q17) and ceiling (Q3, Q4, Q13) effects, it may
be worthwhile to consider changing the corresponding scales to broaden the response options.
For example, instead of “never, almost never, sometimes, almost always, always”, we could
use “ never, rarely (<10% of the time), occasionally (30% of the time), sometimes (50% of the
time), frequently (70% of the time), usually (90% of the time) and always” [148] to increase
the heterogeneity of responses.

Another point of discussion is to determine the appropriate and most meaningful scoring
algorithm for the SUPER-KIDZ tool. It is likely that each domain should be scored separately
since the various aspects of the pain construct may change differently over time, and may
require specifically targeted interventions (e.g. physical therapy versus CBT). However, it
would be informative to determine the inter-correlations between all of the SUPER-KIDZ

items in order to identify which items are highly correlated (interchangeable), and therefore
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measuring related aspects of the pain construct [149]. In contrast, identifying items that are less
highly correlated would argue that they are measuring unique aspects of the construct and

should be assessed separately.

4.4 Limitations

As with all studies, the current study has limitations that are important to address. The main
issues are of sample size, combining groups for the reliability analysis, the use of the GRCP as
an external criterion, and generalizability of the results.

Given the interim nature of the analysis, one of the main limitations of the study was the
relatively small sample size for each analysis group (n=26-33), especially the secondary
analyses (n=11-22), which may limit the power to detect test-retest reliability and
responsiveness. In particular, the ROC curve analysis was the most underpowered because
only 5 of 27 patients had not improved at 2 weeks post-injection, which is a small comparison
group. In order to identify an AUC of 0.70 or larger, even with a large SE of 0.10, 15 subjects
per group are required (and n=55 per group is required for an SE of 0.05) [150]. As such, the
results obtained in this analysis are imprecise estimates for responsiveness. In addition, the
SRM for Q5 (number of painful locations) did not increase in the “improved” group at either
the 1- or 2- week time points. This was due to an increase in the SD of the difference scores
relative to the incremental increase in the mean difference scores, likely a result of the large
range of scores for Q5 and the reduced sample size. Nonetheless, despite the small sample size,
the majority of the SUPER-KIDZ items achieved the criteria for test-retest reliability and
responsiveness by at least one analysis method. Fortunately, recruitment is ongoing and the

larger samples will enable further refinement and strengthening of these results.

Another limitation was that subjects from study groups A and B were combined for the
reliability analysis. It was felt that patients who had not undergone joint injection in the recent
past could be combined together (i.e. ‘not injected’ group), although it is also possible that they
do not represent the same type of patient and perhaps would behave differently in the reliability
analysis. However, the subject characteristics and baseline scores were similar between the
groups, and the proportion of patients reporting stable pain was also the same as the other
reliability group. It is interesting that the reliability coefficients tended to be lower from this
subgroup, indicating that they were somehow less stable or perhaps more homogeneous than
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the ‘injected’ subgroup. If anything, this trend biased our results conservatively, avoiding a

type | error.

An additional issue to discuss is the reliance on the 5-point GRCP as an external criterion to
identify stable and improved patients for various parts of the analysis, as there are several
weaknesses and limitations associated with GRCS measures [103, 107-109]. Firstly, specific to
the current study, the wording of the GRCP made reference to the past 1-week, and therefore
required some extrapolation of the results for the change between 2 weeks post-injection and
baseline status. It would have also been better to specify an anchoring time point (i.e.
‘compared to how you felt before the joint injection...”) to help orient the patients. A pain
GRCS has not been formally validated in the paediatric age group [21]. Juniper et al used a 15-
point GRCS in paediatric patients with asthma and found that a notable problem was that
younger children had difficulty with the concept of time specification of “the last week™ [105].
Even in adult studies, patients tend to have difficulty judging whether they have changed
compared to a past time point, and GRCS ratings tend to correlate much more with current
health state rather than the change in health state [107-109]. Also, like any retrospective
measure, GRCS is subject to recall bias. Miron-Shatz et al have shown that individuals tend to
report unpleasant feelings more strongly than they were experienced (‘Memory-Experience
Gap’) [151]. As a way of accounting for the possible inaccuracy of the GRCP, the analysis
was performed both in the whole group and then also in the subjects who reported either

stability (reliability) or improvement (responsiveness).

Our study cohort included a relatively large proportion of RF positive polyarticular patients,
possibly due to the focus on older patients. RF positive patients tend to be more severely
affected than the other subtypes [14, 152], which could potentially lead to less stability in pain
and lower reliability results. There is no evidence that RF positive patients respond differently
to steroid injections compared with the other subtypes [153], so responsiveness is unlikely to
be affected. Overall, the disease activity level of the cohort based on number of joints and PGA
was in the mild-to-moderate range and the study cohort appeared reflective of the disease

characteristics of JIA reported in other Canadian studies [4, 65].
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4.5 Conclusions and future directions

The results of this study have met the hypothesized criteria for acceptable test-retest reliability
and responsiveness for the majority of the SUPER-KIDZ pain measure items in a cohort of
children and youth with JIA aged 8-18 years. In addition, the subscales of the SUPER-KIDZ
tool have good internal consistency. The results found in the current study were consistent with
or better than those reported for other pain measures in the pediatric and adult populations.
This study represents another step in the fulfililment of a long-standing gap in the

comprehensive assessment of pain in patients with JIA.

The next steps in the validation of the SUPER-KIDZ tool include establishing the construct
validity of the SUPER-KIDZ pain measure, as well as validating the younger patient and
parent-proxy versions, and French-language versions; studies which are currently underway. In
addition, it will be important to potentially modify some of the items to increase the accuracy
of responses and to determine which items are inter-correlated to guide the scoring the
SUPER-KIDZ pain measure. It would also be helpful to determine the MCID of the SUPER-
KIDZ items using a valid external anchor(s) in order to know if they are greater than the
corresponding MDCgs, which would be important for the interpretation of change scores.

The SUPER-KIDZ tool is intended for use in the everyday clinic setting. It is likely to be a
clinically useful measure as it is quick and easy to use, and its measurement properties are
being evaluated in a real world observational setting. If the SUPER-KIDZ pain measure is
validated, it can be implemented as a standard measure administered at every clinic visit. This
consistent and comprehensive approach to pain assessment should help clinicians to more
effectively assess, treat, and monitor pain outcomes in the JIA population. The computerized
measure allows for real-time result read-outs for the clinicians and patients to use immediately
during the clinical visit. It is likely that use of the SUPER-KIDZ pain measure will increase
patient and physician communication about pain at the clinical encounter, improve patient
engagement in decision-making about their pain treatment plan and ultimately lead to

improved child health outcomes (e.g. HRQL).

Following the validation of the SUPER-KIDZ pain measure, future directions for study
include: (a) further studies in pain assessment and treatment in patients with JIA and its impact
on HRQL,; (b) a better understanding of the interrelationship of disease and pain trajectories
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over time; (c) the assessment of predictors of pain in children with rheumatic conditions; and
(d) the inclusion of a convenient, standardized pain assessment tool in treatment protocols and

as a discriminating factor in differential diagnosis.
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Appendices

1. SUPER-KIDZ pain tool

Child 4-8 yrs self-report: Pain intensity and location only

SUPER-KIDZ

Recommended Self-Report Version for Children Aged <8 Years

(1) These faces show how much something can hurt. This first face shows no pain. The faces show more and more
pain up to the last face — it shows very much pain. Select the face that shows how much you hurt right now.

—
——
z >
= =
-
—
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(2) Select all the parts of your body where you have had pain in the past 7 days.

FRONT VIEW BACK VIEW |

Thank you for answering these questions.

Version Date: 18.03.10
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Child 4-8 years: Parent proxy-report

SUPER-KIDZ

Recommended Parent-Report Version for Children Aged < 8 Year
Instructions: Please answer the following questions about your child's pain from your
view.

{1) How much pain do you think your child has rght now? Check the box below the
number that best describes your child's level of pain right now. with 0 being “no
pain” and 10 being “moast pain possible.”

No 0 1 2 3 4 5 6 7 8 9 10 Mostpain
min 0 O O O O O O O O O O .Pposible

{2) If your child had pain in the past 7 days, how much did it usually hurt? Check the
box below the number that best describes your child's usual level of pain during
the past 7 days, with 0 being “no pain” and 10 being “most pain possible.”

No g 1 2 3 4 5 i 7 8 9 10 Most pain
pain O g O O O O O O O O opossible

{2) On how many days did your child have pain in the past 7 days?

O 1 day

[ 2 days
03 days

[ 4 days

O 5 days
06 days

O Every day

{4) If your child had pain in the past 7 days, how long did the pain usually last?

O Less than 30 minutes

O About 1 hour

[J Between 1 and 3 hours
O About half the day

O All day or longer

[ Mo pain in the past 7 days

Version Date: 18.03. 10
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(5) Select all the parts of the body where your child has had pain in the past 7 days.

FRORT VIEW CaZloview

Fersion Date: 1803 140
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(B) In the past 7 days, how often has your child been tired?

OMever

O Almost never

[ Sometimes
O Often

[ Almost always

There are many possible ways that pain can affect lives of young people. Please

respond to each item by checking one box per row.

in the past ¥ days._.

(7} It was hard for my child to
sleep when he/she had pain.

(8) It was hard for my child to pay
attention when he/she had pain.

{9) It was hard for my child to stay
standing when he/she had pain.

{10} It was hard for my child to
have fun when he/she had pain.

{11} It was hard for my child to do

schoolwork when he/she had pain.

{12} It was hard for my child to
walk one block when she/he had
pain.

{13) It was hard for my child to run
when he'she had pain.

Nevar Almost Sometimes Often Almost

Mever Always
(H O (H O O
(H O (H O O
(H O (H O O
(H O (H O O
(H O (H O O
O | O O O
(H O (H O O

Version Duate: 18.03.10
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Below are some words that describe different feelings and emotions. Read each
itern and then check the box under the word that describes how often your child has
felt this way in the past 7 days.

Mever Almost Sometimes Often Almost

HNever Always
{14) Sad O O O O O
(15) Angry O O O O O
{16) Cheerful O O O O O
(17) Worried O O O O O

Thank you for answering these questions.
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hild 8-18 years: inf-rnpnrf

SUPER-KIDZ

Recommended Self-Report Version for Children Aged >=8 Years

(1) How much pain do you have right now? Check the box below the number that
best describes your level of pain right now, with 0 being “no pain” and 10 being
“most pain possible.”

No 9 1 2 3 4 5 6 7 8 9 10 Mostpain
mam- @ O O O O O O O O 0O O possible

(2) If you had pain in the past 7 days, how much did it usually hurt? Check the box
below the number that best describes your usual level of pain during the past 7
days, with 0 being “no pain” and 10 being “most pain possible.”

No o 41 2 3 4 5 6 7 8 9 10 Mostpain
pamm 1] O O O O O | O O O O possible

(3) On how many days did you have pain in the past 7 days?

1 1 day

O 2 days

[ 3 days

[ 4 days

[ 5 days

[ 6 days

[ Every day

(4) If you had pain in the past 7 days, how long did the pain usually last?

[ Less than 30 minutes

O About 1 hour

[ Between 1 and 3 hours
[ About half the day

[J All day or longer

O No pain in the past 7 days

Version Date: 18.03.10
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(5) Select all the parts of your body where you have had pain in the past 7 days.

| FRONT VIEW BACK VIEW

Version Date: 18.03.10
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(6) In the past 7 days, how often have you felt tired?

[ Never

[ Almost never
[0 Sometimes

O often

[J Almost always

There are many possible ways that pain can affect lives of young people. Please

respond to each item by checking one box per row.

In the past 7 days...

(7) | had trouble sleeping when |
had pain.

(8) It was hard for me to pay
attention when | had pain.

(9) It was hard to stay standing
when | had pain.

(10) It was hard to have fun when
| had pain.

(11) I had trouble doing
schoolwork when | had pain.

(12) It was hard for me to walk
one block when | had pain.

(13) It was hard for me to run
when | had pain.

(14) I kept thinking about how
much | wanted the pain to stop
when | had pain.

(15) | was afraid that the pain
would get worse when | had pain.

(16) | felt | couldn’t stand it
anymore when | had pain.

Almost  Sometimes  Often Almost
Never Always
O O O O
O O O O
O O O O
O O O O
O O O O
O O O O
d O O O
O O O O
O O O O
O O O O

Version Date.: 18.03.10
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Below are some words that describe different feelings and emotions. Read each
item, and then check one box per row under the word that describes how often you
felt this way in the past 7 days.

Never Almost Sometimes Often Almost

Never Always
(17) Sad O O O O O
(18) Angry O O O O O
(19) Cheerful O O d O O
(20) Worried O O O O |

Thank you for answering these questions.

Version Date: 18.03.10
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2. Consent and Assent forms

SickKids
THE HOSPITAL FOR
SICK CHILDREN

Research Ethics Board
PATIENT CONSENT FORM

Title of Research Project: Validation of Standardized Universal Fain Evaluations for
Rheumatalogy providers for children and vouth (SUPERKIDE)

Dr. Jennifer Stinson. RN_ PhD, SickKids, (416) 813-7654 ext. 4514

Dr. Madia Luca, MD, FRCPC. SickKids. (416) 81 3-7654 ext. 28030

Dr. Brian Feldman, MD, MSc, FRCPC, SickKids, (416) 813-3828

Dr. Ahmed Bavoumi. MD, M5, St Michael's Hospital, (416) 864-3728
Dr. Dorcas Beaton, PhD. 5t Michael™s Hospital, (416) 864-6060 ext. 77030
Dr. Susanne Benseler, MD ., MSc, SickKids, (416) 813-7654 gxt. 7711

Dr. Sarah Campillo, MD. Montreal Children's Hospital, (514) 412-4400 ext. 24268
Dr. Claire LeBlanc, MD., Montreal Children’s Hospital, (514) £12-4268
Research Nurse Coordinator:

Ms. Mavreet Gill. RN, MN, SickKids. (416) 813-7654 ext. 2332

Margaret van Wyk, BSc (Hons), SickKids, (416) 813-7654 ext. 2314
summer Research Student

Josip Marcinke, BHSc (Hons). M3c, SickKids, (416) 813-T654 ext.2332

Purpose of the Research:

The goal of this study is o find out whether a new pain tool can comectly measure what type and
how much pain pediatric rheumatology patients have.

Description of the Research:

If you agree to take part in this study, you will be asked to complete an online questionnaire
(SUPERKIDE) a few times in the clinic and at home. A research assistant will guide you through
the questionnaire on the first occasion. The questionnaire will take about 2-3 minutes. On the

initial visit you will be asked to complete 4 additional questionnaires, which will take about 20-
30 minutes. There are no extra hospital visits required for this smudy.

In addition. we will review of your health record to get information on vour: age. gender.
diagnosis, number of active joints, and your physician’s global assessment of how active your
disease i=. This information will not be identified as being yours.

Patient consent Version Date: July 3, 2012,
Page 1 of 4
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Potential Harms:

There are no known harms that we are aware of that are associated with participation in this
study but there may be harms that we do not know about.

p ial Di f I o .

Thizs study will involve filling out of multiple questionnaires in the hospital. which will take
gbout 30 minutes. There is also a short amount of time required (2-3 minuies) to complete the
questionnaire onling from home on two occasions. No extra visits to the hospital are required.

Potential Benefits:

To individual subjects:

You will not benefit directly from participating in this study.
To society:

The standardized pain tool will make it possible to improve the assessment and management of
pain for a large number of children with juvenile arthritis across North America, thereby
reducing unnecessary suffering and improving health outcomes. This tool will help clinicians to
more effectively assess, treat, and monitor pain outcomes in the pediatric rheumatology
population. In addition, the computerized measure will allow for the clinicians and patients to
use their results immediately during the clinical visit

It is likely that wse of the SUPERKIDZ pain tool will increase patient and physician
communication about pain at the clinical encounter, improve patient engagement in decision-
making about their pain treatment plan and ultimately lead to improved child health outcomes
(such as quality of life).

Confidentiality:

We will respect your privacy. No information about who vou are will be given to anyone or be
publizshed without your permission, unless required by law. For example, the law could make ns
give information about you if a child has been abused, if vou have an illness that could spread to
others, it you or someone else talks about suicide (killing themselves), or if the court orders us to
give them the study papers.

SickKids Clinical Kesearch Monitors or the regulator of the study mayv see vour health record to
check on the siudy. By signing this consent form, vou agree to let these people look at vour
records. We will put a copy of this research consent form in your patient health record and give
you a copy as well.

Patient consent Version Date: july 3, 2002
Page 2 of 4
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The data produced from this study will be stored in a secure, locked location. Only members of
the resedarch team (and maybe those individuals described above) will have access to the data.
This could include external resedrch team members. Following completion of the research study
the data will be kept as long as required then destroyed as required by SickKids policy.
Fublished study results will not reveal your identity.

Eeimbursement:

We will reimburse vou for all yvour reasonable out of pocket expenses for being in this study eg..
meals, babysitters, parking and getting you to and from SickKids. It yvou stop taking part in the
study, we will pay you for your expenses for taking part in the study up until that point. We will
also provide you with some compensation, [55 gift card], in recognition of your time and effort.

Participation:

It is your choice to take part in this study. You can stop at any time. The care you get at Sickkids
will not be affected in any way by whether vou take part in this study.

Mew information that we get while we are doing this study may affect your decision to tike part
in this study_ If this happens, we will tell yvon about this new information. And we will ask vou
again if you still want to be in the study.

During this smdy we may create new tests. new medicines, or other things that may be worth
some money. Although we may make money from these findings, we cannot give you any of this
maoney now oF in the future because you took part in this study.

If you become 11l or are harmed becanse of study participation, we will treat you for free. Your
signing this consent form does not interfere with yvour legal rights in any way. The staff of the
study, any people who gave money for the study, or the hospital are still responsible, legally and
professionally, for what they do.

Sponzorship:
The funders of this research are Dr. Jennifer Stinson and The Hospital for Sick Children.
Conflict of Interest:

The Principal Investigator, Dr. Jennifer Stinson, and the other research team members hiave no
conflict of interest to declare.

Consent:
By signing this form. I agree that:

§] You have explained this study to me. You have answered all my questions.

Patient consent Version Date: fuly 3, 2002
Page 3 of &
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2y You have explained the possible harms and benefits (if anv) of this study .

i) I know what I could do instesd of taking part in this study. 1 understand that I have the
right not o take part in the study and the right to stop at any time. My decision about
taking part in the study will not affect my health care at SickKids.

4} [ am free now. and in the future, to ask questions about the study.
3 I have been told that my medical records will be kept private except as described to me.
G I understand that no information about who I am will be given to anyvone or be published

without first asking my permission.

71 I agree, or consent, to take part in this study.

Printed Name of Subject & Age Subject’s signature & date

Printed Name of person who explained consent Signature of Person who explained
consent & date

Printed Witness™ name (if the subject/legal guardian Witness" signature & date
does not read English)

If you have any guestions about this sindv, please call Dr_ Jennifer Stinsomn at (416) 813-T654
ext. 4314,

If you have questions about your rights as a subject in a study or injuries during a study, please
citll the Research Ethics Manager at £16-813-5718.

Patient consent Version Date: July 3, 2002,
Page 4 of 4
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SickKids
THE HOSPITAL FOR
SICK CHILIDXREN

Research Ethics Board

PARENT CONSENT FORM

Title of Research FProject: Walidation of Standardized Universal Pain Evaluations for
Rheumatology providers for children and vouth (SUPERKIDE)

Dr. Jennifer Stinson, BN, PhD, SickKids, (416) 213-7654 ext_ 4514

Dr. MNadia Luca, MD, FRCPC, SickKids, (416) 813-7654 ext. 28030

Dr. Brian Feldman, M, M5c, FRCPC, SickKids, (416) 813-5828

Dr. Ahmed Bavoumi., MD, MSc, 5t Michael’s Hospital, (416) 864-5728
Dr. Dorcas Beaton, FhD, St Michael™s Hospital, (416) 864-6060 ext. 77030
Dr. Susanne Benseler, MD, MSc, SickKids, (416) 813-T654 ext. 7711

Dr. Sarah Campille, MD. Montreal Children’s Hospital, (514) 41 2-4400 ext. 24268
Dr. Claire LeBlanc, MD, Montreal Children’s Hospital, (514) 412-4268
Research Nurse Coordinaior:

Msz. Navreet Gill. RN, MM, SickKids, (416) 813-7654 ext. 2332

Clinical Research Project Assistant

Margaret van Wyk. BSc (Hons). SickKids. (416) 813-7654 ext. 2314
summer Fesearch Student

Josip Marcinke. BHSc (Hons ), MSc, SickKids, (416) 813-7654 ext. 2332

Purpose of the Research:

The goal of this study is w find out whether a new pain ool can correctly measure what tvpe and
how much pain pediatric rhenmatology patients have.

Description of the Besearch:

It vou and vour child agree to take part in this smdy. vou andfor vour child will be asked w
complete an onling questionnaire (SUPERKIDE) a few times in the clinic and at home. A
resedrch assistant will guide wou through the guestionnaire on the first occasion. The
questionnaire will take about 2-3 minutes. On the initial visit you will be asked to complete 4

additional questionnaires, which will take abour 20-30 minutes. There are no extra hospital visits
required for this study.

Parent consent form Version dote July 3, 2012,
Page1lof 4
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In addition. we will review of your child’s health record for the research project to get
information on: age, gender, diagnosis, number of active joints, and your physician’s global
assessment of how active your disease is. This information will not be identified as being vour
child’s.

Potential Harms:
There are no known harms that we are aware of that are associated with participation in this
study but there may be harms that we do not know about.

p ial Di i I . .

Thiz study will involve filling out multiple questionnaires in the hospital, which will take about
30 minutzs. There 1= also a short amount of time required (2-3 minutes) to complete the
questionnaire onling from home on two occasions. No extra visits to the hospital are required.

Potential Benefits:
To individual subjects:
You will not benefit directly from participating in this siudy.

To society;

The standardized pain tool will make it possible to improve the assessment and management of
piin for a large number of children with juvenile arthritis across Nomh America, thereby
reducing unnecessary suffering and improving health outcomes. This tool will help clinicians to
more effectivelv assess. treat, and monitor pain outcomes in the pediatric theumatology
population. In addition, the computerized measure will allow for the clinicians and patients to
use their results immediately during the clinical visit.

It is likely that use of the SUPERKIDE pain tool will increase patient and physician
communication about pain at the clinical encounter, improve patient engagement in decision-
making about their pain treatment plan and ultiimately lead to improved child health outcomes
{such as quality of life).

Confidentiality:

We will respect your privacy. No information about who vou are will be given to anyone or be
published without your permission, unless required by law. For example, the law could make us
give information about you if a child has been abused, it vou have an illness that could spread to
others. if you or someone else talks about suicide (killing themselves), or if the court orders us o
give them the study papers.

Parent consent form Version date July 3, 2012.
Fage2of 4
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SickKids Clinical Research Monitors or the regulator of the study mayv see vour health record to
check on the study. By signing this consent form, vou agree to let these people look at vour
records. We will put a copy of this research consent form in your patient health record and give
vou i copy as well

The data produced from this study will be stored in a secure, locked location. Only members of
the resedarch team (and mavbe those individuals described above) will have access to the data.
Thiz could include external resedarch team members. Following completion of the research smdy
the data will be kept as long as required then destroyed as required by SickKids paolicy.
Fublished study results will not reveal your identity .

EBeimbursement:

We will reimburse vou for all vour reasonable out of pocket expenses for being in this study eg..
meals, babysitters, parking and getting you to and from SickKids. If vou stop taking part in the
study., we will pay yvou for vour expenses for taking part in the study up until that point. We will
also provide you with some compensation, [53 gift card], in recognition of your time and effort.

Participation:
It is your choice to take part in this study. You can stop at any time. The care you get at SickKids
will not be affected in any way by whether vou take part in this study.

Mew information that we get while we are doing this study may affect your decision to take part
in this study. If this happens, we will tell vou about this new information. And we will ask vou
again if vou still want to be in the study.

During this study we may create new tests, new medicines, or other things that may be worth
some money. Although we may make money from these findings, we cannot give vou any of this
money now or in the future because you took part in this study.

If you become ill or are harmed becanse of study pamicipation, we will treat you for free. Your
signing this consent form does not interfere with your legal rights in any way. The staff of the
study, any people who gave money for the study, or the hospital are still responsible, legally and
professionally. for what they da.

Sponsorship:
The funders of this research are Dr. Jennifer Stinson and The Hospital for Sick Children.

Conflict of Interest:

The Principal Investigator, Dr. Jennifer Stinson, and the other research team members have no
conflict of interest to declare.

Parent consent form Version dote July 3, 2012,
Page3of 4
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Consent:

By signing this form, I agree that:
Iy You have explained this study to me. You have answered all my questions.
2} You have explained the possitle harms and benefits (if any) of this study.

3y Iknow what I could do instead of taking part in this study. I understand that I have the
right not o take part in the study and the right to stop at any time. My decision about
taking part in the study will not affect my health care ar SickKids.

4y Tam free now, and in the future, w0 ask questions about the study.
33 Thave been told that my medical records will be kept private except as described o me.

6y Tunderstand that no information about who I am will be given to anyone or be publizhed
without first asking my permission.

73 Tagree, or consent, to take part in this study.

Printed Mame of Parent Parent’s signature & date

Printed Mame of person who explained consent Signature of Person who explained
consent & date

Printed Witness™ name (if the subject/legal guardian Witness™ signature & date
does not read English)

If you have any questions about this siudv. please call Dr. Jennifer Stinson at (416) 813-7654
ext. 4314,

If you have questions about your rights as a subject in a study or injuries during a study, please

cill the Research Ethics Manager at £16-813-5718.

Parent consent form Version date July 3, 2012
Page 4 of 4
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THE HOSPITAL FOR
SICK CHILDREN

Research Ethics Board

ASSENT FORM

Title of Study: Validation of Standardized Universal Pain Evaluations for Rheumatology
providers for children and youth (SUPERKIDE)

Investigator(s):

Principal lnvesti _
Dr. Jennifer Stinson, KN, PhD, SickEids, (416) #13-7654 ext. 4514

Co-Investigators:
Dr. Madia Luca, MD, FRCPC, SickKids, (416) 813-7654 ext. 28030

[r. Brian Feldman, MD, M5c, FRCPC, SickEids, (416) 813-3828

Dr. Ahmed Bayouma, MD), MSe, St. Michael's Hospital, (416) 864-53728

Dr. Dorcas Beaton, PhD, St. Michael's Hospital, (416) 2864-0060 ext. 77030

Dr. Susanne Benseler, MD, MSe, SickKids, (416) #13-7654 ext. 7711

Dr. Sarah Campillo, MD, Montreal Children’s Hospital, (514) 412-2400 ext. 24268
Dr. Claire LeBlane, MD, Montreal Children's Hospital, (514) 412-4268

Research Nurse Coordinator:

Ms. Mavreet (ill, RN, MN, SickKads, (416 813-7654 ext. 2332

Clipical Research Proi

Margaret van Wyk, BSc (Hons), SickKids, (416) 813-7T654 ext. 2314

Summer Eesearch Student

Jozip Marcinko, BHSc (Hons)y, MSc., SickKids, (416) 813-7654 ext. 2332

Why are we doing this study?

Ta test if the new SUPERKIDZ questionnaire can measure vour real pain.

What will happen during the study?

This SUPERKIDZ questionnaire 1s a program on the computer that helps us measure different
things about pain, like how much pain vou are in and where the pain might be. During the study
we will show you how to use it and then we will ask you to complete it on a few different days.
You and your parents will also fill out a few more questionnaires during vour clinie visit. We
will also get some information about vour arthritis from your hospital file.

Assent form Version dote July 3, 2012,
Page 1of 2
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I hi I bad thi | iy?

There are no bad things about the study that we can think of. The good thing about the study is
that it gives you a chance to talk about your pain.

Whao will know about what I did in the study?

It we fieel your health may be in danger, we may have to report your results to vour doetor.

“an 1 decide if L w be in 1 iy?

Nobody will be angry or upset if you do not want to be in the study. We are talking to vour
parent/legal guardians about the study and you should talk to them about it toa.

Assent:

| was present when read this form and said that he
or she agreed, or assented, to take part in this study.

Printed Mame of person who obtained assent Signature & Date

Assent form Version dote fuly 3, 2012,
Page 2 of 2
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3. Patient health information form

Unique Study ID:

| Meds for JIA
Medication Name

Dose

Meds for Other Conditions
Medication Name Dose

Naproxen (Naprosyn) o) Other (name: )
Ibuprofen (Motrin, Advil) o) Other (name: )
Indomethacin (Indocid) ©) Other (name: )
Acetominophen (Tylenol) ) Other (name: )
Oxycodone ) Other (name: )
Methadone

Methotrexate

Leflunomide (Arava)

Sulfasalazine

Etanercept (Enbrel)

Infliximab (Remicade)

Adalimumab (Humira)

Tocilizumab (Cimzia)

Lenalidomide (Revlimid)

Abatacept (Orencia)

Anakinra (Kineret)

Rituximab (Rituxan)

Calcium supplement

O|0|0|0|0|0[0]|0|0|0|0|0|0[0[|0|0|0|0|0

Vitamin D supplement

1. JIA subtype:

O Persistent Oligo JIA

o Extended Oligo JIA

o Poly JIA (RF negative)
o Poly JIA (RF positive)

o Enthesitis-related arthritis
O Psoriatic arthritis

o Systemic-onset JIA

o Undifferentiated

2. Physician’s Global Assessment of Disease Activity Rating (Obtain from Rheumatologist):

No (0 1 (2 304 [ [®6 LT 3 [9 10 Maximum

activity

3. Total number of active joints:

activity
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4. Summary of study procedures and timeline by recruitment group

Group A Group B
Parameter Test-retest reliability Test-retest reliability
Responsiveness
Sample size 50 per age group (100 total) 30
Inclusion a) 4-18 years a) 4-18 years
criteria b) fluency in English b) fluency in English

c) diagnosed with JIA by a
rheumatologist

d) have access to a computer
Additional:

e) scheduled to undergo JI

c) diagnosed with JIA
by a rheumatologist

d) have access to a
computer

Additional:

e) no anticipated
changes to management

Initial clinic visit | SUPER-KIDZ" Initial clinic | SUPER-KIDZ"
visit

Day before joint | 5-Point GRCP 1 week later | 5-Point GRCP
injection (J1) SUPER-KIDZ™ SUPER-KIDZ"
1 week after Ji 5-Point GRCP

SUPER-KIDZ*
2 weeks after JI | 5-Point GRCP

SUPER-KIDZ™
3 weeks after JI | 5-Point GRCP

SUPER-KIDZ"

" For test-retest reliability
* For responsiveness
5-Point GRCP=Five-Point Global Rating of Change in Pain
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5. Five-point global rating of change in pain (GRCP)

Think about your pain over the last seven days and compare it to the pain you have today. How
has it CHANGED?

Please tick only one box.
] O O O O

Much worse A little worse The same A little better Much better
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6. Data dictionary of variables

Variable Code/Value | Data type
Gender M=1 F=0 | Categorical
Age (years) 4.0-18.0 | Continuous
poligo = persistent oligo Y=1N=0 | Categorical
poligo = extended oligo Y=1N=0 | Categorical
polyRF = poly RF negative Y=1N=0 | Categorical
polyRF+ = poly RF positive Y=1N=0 | Categorical
Psoriatic Y=1N=0 | Categorical
Systemic Y=1N=0 | Categorical
Undiff = undifferentiated Y=1N=0 | Categorical
num_meds 0-8 Ordinal
NSAID = ibuprofen, naproxen, indomethacin, diclofenac Y=1N=0 | Categorical
steroid = prednisone, methylprednisolone Y=1N=0 | Categorical
DMARD = methtorexate, leflunomide, sulfasalazine Y=1N=0 | Categorical
anti_ TNF = etanercept, infliximab, adalimumab, golimumab Y=1N=0 | Categorical
other_biol = abatacept, tocilizumab, anakinra, rituximab Y=1N=0 | Categorical
tylenol Y=1N=0 | Categorical
narcotic = methadone, oxycodone, morphine Y=1N=0 | Categorical
Ca_vitD =calcium or vitamin D Y=1N=0 | Categorical
active_jts = number of active joints 0-unlimited | Interval
PGA = physician global assessment on 10 cm VAS 0-10 Continuous
Q1 = current pain intensity 0-10 Continuous
Q2 = average pain intensity over past week 0-10 Continuous
Q3 = how many days had pain in the past week 1-7 Ordinal

Q4 = how long did pain usually last 1-6 Ordinal

Q5 = all parts of body where have pain 1-59 Continuous
Q6 = how often felt tired in past week 0-4 Ordinal

Q7 = trouble sleeping when in pain 0-4 Ordinal

Q8 = hard to pay attention when in pain 0-4 Ordinal

Q9 = hard to stay standing when in pain 0-4 Ordinal
Q10 = hard to have fun when in pain 0-4 Ordinal
Q11 = trouble doing schoolwork when in pain 0-4 Ordinal
Q12 = hard to walk one block when in pain 0-4 Ordinal
Q13 = hard to run when in pain 0-4 Ordinal
Q14 = keep thinking about how much wanted pain to stop 0-4 Ordinal
Q15 = afraid pain would get worse 0-4 Ordinal
Q16 = could not stand it anymore when in pain 0-4 Ordinal
Q17 = how often feel sad 0-4 Ordinal
Q18 = how often feel angry 0-4 Ordinal
Q19 = how often feel cheerful (NB reverse ordered) 0-4 Ordinal
Q20 = how often feel worried 0-4 Ordinal
GRCP = global rating of change in pain over the previous 1 1-5 Categorical

week. Much worse =1, a little worse =2, same =3, a little better

=4, much better =5
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7. Distribution of SUPER-KIDZ items at baseline (table and figures)

Table: Summary of baseline SUPER-KIDZ data by item (n=51)

Domain Item | # Response Item Item SD IQR

# Miss[o 1 [2 3 T4 [5 |6 |7 10 | mean | median
ing

Sensory 1 0 8 4 3 4 7 7 8 3 1 4.1 4.0 2.8 | 2.0-6.0
2 0 3 2 6 4 8 7 6 9 0 4.7 5.0 24 | 3.0-7.0
3 0 - 5 3 6 10 |7 3 17 - 4.7 5.0 20 |3.0-7.0
4 0 - 1 9 5 9 10 |17 |- - 4.4 5.0 1.6 |3.0-6.0
5 0 - - - - - - - - - 7.5 5.0 84 |20-90

Fatigue 6 0 4 1 23 |16 |7 - - - - 2.4 2.0 1.0 |20-3.0

Inter- 7 0 21 |9 17 |2 2 - - - - 1.1 1.0 1.1 0-2.0

ference 8 0 16 |13 |12 |9 1 - - - - 1.3 1.0 1.2 0-2.0
9 0 11 |10 |14 |9 7 - - - - 1.8 2.0 1.3 |1.0-3.0
10 0 11 |12 |11 |12 |5 - - - - 1.8 2.0 1.3 |1.0-3.0
11 0 20 |6 15 |8 2 - - - - 1.3 1.0 1.3 0-2.0
12 0 11 |8 20 |7 5 - - - - 1.8 2.0 1.2 |1.0-2.0
13 0 6 4 18 |9 14 |- - - - 2.4 2.0 1.3 |2.0-4.0
14 0 6 5 10 |17 |13 |- - - - 2.5 3.0 1.3 |2.0-4.0
15 0 9 5 22 |11 |4 - - - - 1.9 2.0 1.2 ]1.0-3.0
16 0 13 |14 |12 |7 5 - - - - 1.5 1.0 1.3 0-2.0

Emotional | 17 0 15 |13 |13 |10 |0 - - - - 1.4 1.0 1.1 0-2.0
18 0 19 |13 |14 |5 0 - - - - 1.1 1.0 1.0 0-2.0
19 0 7 12 |24 |4 4 - - - - 1.7 2.0 1.1 |1.0-2.0
20 0 13 |8 18 |8 4 - - - - 1.6 2.0 1.2 0-2.0

SD=standard deviation; IQR=interquartile range

126



Figures: Boxplots of baseline item scores (n=51). Diamond = mean score, Horizontal blue line
= median score, Box = 25% and 75% quartiles, Whiskers = range.
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Question 6: Fatigue frequency
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Question 12: Difficulty walking one block
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Question 19: Felt cheerful
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8. Distribution of SUPER-KIDZ item scores over time (figures and table)

Figure: Boxplots of scores over time and plot of change score in improved versus not
improved subjects at 2 weeks post-injection for each SUPER-KIDZ item.

Diamond = mean, Horizontal line = median, Box = 25% and 75% quartiles, Whiskers = range.
Visit#: 2=pre-joint injection, 3=1 week post-injection, 4=2 weeks post-injection. Improved: 1=yes
0=no.
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Question 2: Average pain intensity over past week
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Question 3: Frequency of pain
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Question 4: Duration of pain
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Question 5: Number of painful body locations
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Question 6: Fatigue frequency
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Question 7:
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Question 8: Difficulty paying attention
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Question 9: Difficulty standing
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Question 10: Difficulty having fun
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Question 11: Difficulty doing schoolwork
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Question 12: Difficulty walking one block
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Question 13: Difficulty running
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Question 14: Kept thinking how much wanted pain to stop
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Question 15: Afraid pain would get worse
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Question 16: Couldn’t stand it anymore
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Question 17:

Response

Q17 Difference score

Felt sad
Distribution of Q17 by visit

<
<
<
2 3 4
Visit#

Distribution of diff17 by better

Improved

147



Question 18: Felt angry
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Question 19: Felt cheerful
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Question 20: Felt worried
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Table: The mean and median change for SUPER-KIDZ items in subjects reporting
improvement (n=22) and those with no reported improvement (n=5) at 2 weeks post-injection

Item | Question GRCP Mean change score | Median change score
(SD) (IQR)
Q1 | Current pain Improved 2.27 (2.16) 2.0 (1.0-4.0)
Not improved -0.20 (0.84) 0 (-1.0-0)
Q2 | Average pain Improved 2.05 (2.26) 2.0 (0-3.0)
Not improved 0.20 (2.95) 0 (-1.0-0)
Q3 | Pain frequency Improved 1.32 (1.96) 1.0 (0-3.0)
Not improved -1.20 (1.30) -1.0 (-2.0-0)
Q4 | Pain duration Improved 1.27 (1.58) 1.0 (0-2.0)
Not improved -0.20 (0.84) 0 (-1.0-0)
Q5 | #Painful locations | Improved 2.45 (3.84) 2.0 (0-4.0)
Not improved 1.60 (1.14) 2.0 (1.0-2.0)
Q6 | Fatigue frequency | Improved 0.14 (0.94) 0 (0-1.0)
Not improved 0.40 (0.55) 0 (0-1.0)
Q7 | Sleeping Improved 0.54 (0.86) 0 (0-1.0)
Not improved 0.20 (0.45) 0 (0-0)
Q8 | Paying attention Improved 0.59 (0.80) 0.5 (0-1.0)
Not improved 0 (1.00) 0 (-1.0-1.0)
Q9 | Standing Improved 0.73 (1.16) 0 (0-2.0)
Not improved 0.40 (1.52) 0 (-1.0-2.0)
Q10 | Having fun Improved 0.82 (0.96) 1.0 (0-1.0)
Not improved 0 (0.71) 0 (0-0)
Q11 | Schoolwork Improved 0.45 (0.91) 0 (0-1.0)
Not improved 0.20 (1.10) 0 (0-0)
Q12 | Walk 1 block Improved 1.00 (1.02) 1.0 (0-2.0)
Not improved -1.20 (1.64) -1.0 (-1.0-0)
Q13 | Running Improved 1.23 (1.23) 1.0 (1.0-2.0)
Not improved -0.60 (0.55) -1.0 (-1.0-0)
Q14 | Want pain to stop | Improved 1.73 (1.35) 2.0 (0-3.0)
Not improved 0.40 (0.89) 0 (0-0)
Q15 | Afraid pain worse | Improved 1.09 (1.02) 1.0 (0-2.0)
Not improved 0(1.41) 0 (0-0)
Q16 | Can’tstand it Improved 0.91 (1.15) 1.0 (0-1.0)
Not improved 0.80 (0.84) 1.0 (0-1.0)
Q17 | Feel sad Improved 0.27 (0.70) 0 (0-1.0)
Not improved 0.80 (0.84) 1.0 (0-1.0)
Q18 | Feel angry Improved 0.23 (0.69) 0 (0-1.0)
Not improved -0.20 (0.45) 0 (0-0)
Q19 | Feel cheerful Improved 0.05 (1.17) 0 (0-0)
Not improved 0.80 (1.48) 1.0 (0-1.0)
Q20 | Feel worried Improved 0.32 (0.78) 0 (0-1.0)
Not improved 0.20 (0.45) 0 (0-0)
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9. Residual plots for linear mixed models: Homoscedasticity and normality of the residuals

Question 1: Current pain intensity
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Question 3: Frequency of pain
Studentized Residuals for Q3
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Studentized Residuals for Q4

23 —
1 o B n \
20
P a o
= -
c
= o o 315
@ o
o o o o0
K
o a a 5
-2 [+] a 0
34 36 3B 4.0 42 44 272115090303 09 15 21 27
Predicted Mean Residual
Residual Statistics
2 Observations B6
oee e Minimum -2.098
- 1 IR Mean 0.0208
g —— Maximum 1.5862
@ 0 il St Dev 0.9887
o
e
-1 Fit Statistics
Qe Objective 302.84
2o o0 Al 306.84
AT 306 99
-2 -1 0 1 2 BIC 309.65

GQuantile

153



Question 5: Number of painful body locations (original model)
Studentized Residuals for Q5
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Question 5: Number of painful body locations (log-transformed model). # Obs=85 because 1
patient reported 0 painful locations.
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Question 6: Fatigue frequency
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Question 8: Difficulty paying attention
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Question 10: Difficulty having fun
Studentized Residuals for Q10

2
g 1 [+]
=
‘wn
ak)
o Q0 o
49
1.0
2
_ 1
m
2
=
ak)
o
-1
=]
-2
Question
[=]
2
— [+]
51
=
‘w
i
o o
0
-1
2
1
™
3
[ &)
o
o
-2

1.2 1.4 16
Predicted Mean
[=]
[=]=]
o
(IR
™
L
-
[ ]
o
o oood
-2 -1 0 2
Quantile

Fercent

11: Difficulty doing schoolwork
Studentized Residuals for Q11

(=]

o0& 04 1.0
Predicted Mean
OdJZOD
[
[
o
[
o Domammﬂmm
-2 -1 1]
Quantile

=]

Percent

30

20

10

4

50

40

30

20

-3

-1.8 -0.6 06 1.8
Residual

Residual Statistics

Observations 86
Minirmurm -1.432
Mean -0.028
Maximum 25845
Stel Dew 0.9808
Fit Statistics
Objective 251 .36
AlC 2B3.36
AICC 264 46
BIC 271 78

175 075 025 125
Residual

Residual Statistics

Ohbservations 86
Minimum -0.935
Mean -0.002
Maximum 24325
Stel Dev 0.9975
Fit Statistics
Ohjective 227.23
AlT 235.23
AICT 23574
BIC 240.54

2.25

157



Question 12: Difficulty walking one block
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Question 14: Kept thinking how much wanted pain to stop
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Question 16: Couldn’t stand it anymore
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Question 18: Feeling angry
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Question 20: Feeling worried
Studentized Residuals for Q20
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10. ROC Curves for SUPER-KIDZ items: calculated using change scores at 2 weeks post-

joint

injection

Question 1: Current pain intensity
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Question 3: Frequency of pain
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Question 5: Number of painful locations
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Question 7: Difficulty sleeping
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Question 9: Difficulty standing
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Question 11: Difficulty doing schoolwork
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Question 13: Difficulty running
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Question 15: Afraid pain would get worse
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Question 17: Felt sad

(=]
Q 0

Sensitivity
0.50 0.75
1 |

0.25
|

0.00
L

T T T

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.3227

Question 18: Felt Angry

o
S+ 0
=

Sensitivity
0.50 0.75
| 1

0.25
|

0.00
|

2

T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.6636

171



Question 19: Felt cheerful
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