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Abstract

Pain-related functional limitations represent an important outcome domain to assess in children 

and adolescents with chronic pain. The aim of this study was to extend the empirical support of the 

CALI-21 (21-item Child Activity Limitations Interview), a well-validated measure of activity 

limitations, using a large, multisite sample and to develop a brief form of the measure with more 

interpretable scoring. A sample of 1616 youth and 1614 parents completed the CALI-21 at an 

initial appointment in 1 of 3 pain specialty clinics in the Midwest or Northwest United States, or 

as part of a research study following this initial visit. All youth also reported on usual pain 

intensity. CALI-21 data from 1236 youth and parents were used in analyses. Results of the 

exploratory and confirmatory factor analyses supported a common 2-factor structure (Active and 

Routine factors) for both child and parent report versions. Using item reduction, the 9 item 

measure (CALI-9) was developed with both child and parent versions showing good internal 

consistency and high cross-informant reliability. Initial validity was shown by the ability of the 

CALI-9 to distinguish by level of pain intensity. Findings suggest that the CALI-9 is a promising 

brief tool for the evaluation of pain-related activity limitations in youth with chronic pain and for 

proxy-report by parents. Advantages of the shortened scale include the revised 0-100 point scale, 

which increases interpretability, and further validation of the subscale scoring to assess specific 

limitations in active and routine physical functioning domains.

1. Introduction

Assessment of pain-related function is important in the evaluation and treatment of children 

and adolescents with chronic pain [13]. Pain interferes with daily functioning for a sizeable 
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group of youth, with estimates suggesting 5-8% experience significant pain-related disability 

[7]. One aspect of pain-related function is the perception of difficulties in participating in 

daily physical, recreational, routine living, and social activities [18]. Self-report of physical 

and role functioning have been recommended for routine assessment in trials conducted of 

chronic pain interventions in youth [11]. Moreover, accurate assessment of activity 

limitations can be used to both inform treatment goals and document treatment 

improvements.

The CALI-211 is a well-validated measure of activity limitations for youth with chronic pain 

that was developed and validated using diverse, clinical samples of children and adolescents 

with varying chronic pain conditions. The CALI-21 is unique from other measures of pain-

related function in youth in that it includes individually scorable subscales that describe 

limitations in active (e.g., running, gym class) versus routine (reading, eating regular meals) 

domains, and a prospective 8-item version to use for daily diary data collection. This is 

particularly important as youth with diverse chronic pain complaints can experience 

disability in different domains. The measure has been used widely in a variety of cross-

sectional and longitudinal studies as well as to assess treatment outcomes (e.g., [9; 14; 17; 

26; 28]). Previous psychometric validation has been conducted with the CALI-21, including 

an exploratory factor analysis [16].

In addition to the CALI-21, a number of other assessment tools have been developed and 

validated over recent years including the Functional Disability Inventory (FDI) [3] and the 

PROMIS Pain Interference Scale [24]. While valid and reliable tools, these measures have 

limitations, particularly length and lack of relevancy of all items (e.g., running the length of 

a football field) (FDI) and the inability to isolate the type of activity limitations experienced 

(FDI and PROMIS Pain Interference Scale). Moreover, the PROMIS Pain Interference Scale 

includes cognitive and affective items (e.g. pain-related anger, attention problems, impact of 

pain on fun), which broadens the measure's focus beyond activity limitations.

The central aim of the current study is to develop a revised version of the CALI-21, 

replacing the prospective and retrospective versions with a single brief instrument of activity 

limitations. With the new measure, we also sought to eliminate frequently skipped/rarely 

endorsed items and change scoring to a readily interpretable 0-100 scale, streamlining the 

measure for rapid assessment of activity limitations in clinical and research settings. To 

accomplish these aims we conducted three main sets of statistical analyses. We first 

examined the underlying subscale structure of the CALI-21 using exploratory and 

confirmatory factor analyses with data from a large clinical sample of children and 

adolescents with chronic pain and their parents. In the second set of analyses we reduced the 

number of items on the CALI-21 through variable selection techniques in regression 

analysis. Finally we conducted preliminary validation analysis on the shortened version of 

the measure. We hypothesized that the CALI-21 could be improved, with the revised version 

1The 21-item assessment tool has two questionnaire versions (CALI-21, CALQ; same items, different scoring systems) and an 
interview-report version (CALI). For consistency, the term “CALI-21” will be used throughout the manuscript to describe all prior 
versions of the measure.
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having minimal loss in reliability, validity, and variability. Moreover a two-factor structure 

would be supported, as found in the prior exploratory factor analysis of the measure.

2. Method

Participants in this study were youth ages 8-18 years who presented to a specialty pediatric 

pain clinic in either the Midwest (Site 1) or Northwest (Sites 2 and 3) United States for a 

new patient evaluation for chronic pain. Youth and their parents completed questionnaires as 

part of standard clinic intake forms (n=1384) or participation in a research study (4 studies, 

n=232). Participants who completed questionnaires as part of a research study provided 

consent or assent prior to participating, with all study procedures approved by the 

Institutional Review Board. Institutional Review Board approval was obtained at each 

institution permitting analysis of previously collected clinical intake data for research 

purposes.

Inclusion criteria were: 1) that the child was between 8-18 years and was seeking care in a 

specialty care clinic for evaluation of chronic pain, and 2) both children and their parents 

were able to read and write in English to complete questionnaires.

2.1 Questionnaire Measures

2.1.1. Demographics—Demographic characteristics (child age, sex, and race) were 

provided by parents or obtained from each participant's electronic medical record.

2.1.2. Activity Limitations—Activity limitations were reported by children and their 

parents using either the CALI-21 or CALQ. Both of these measures use the same 21-items 

to assess pain-related activity limitations in children and adolescents (ages 8–18). The 

measures have parent and child report versions, with instructions asking participants to 

report on pain-related limitations in 21 activities over the previous 4 weeks. On the 

CALI-21, participants rate the difficulty in completing each activity on a 5-point rating 

scale, ranging from 0 ‘not very difficult’ to 4 ‘extremely difficult’ and a total score is 

calculated by summing ratings for all 21 items (range from 0 - 84), with higher scores 

indicating more activity limitations due to pain. The CALQ has one additional response 

option “not at all difficult” which was collapsed with the “not very difficult” response option 

for purposes of this factor analysis. The CALI-21 and CALQ Child and Parent versions have 

demonstrated reliability and validity in assessing pain-related activity limitations in school 

aged children and adolescents [5; 16]. A previous exploratory factor analysis on the 

CALI-21 yielded a 2-factor structure, including a Routine and an Active factor [16].

2.1.3. Pain Characteristics—Pain was assessed using youth report of both pain intensity 
and pain frequency. Specifically youth were asked to report on their “usual pain intensity” 

using a Numerical Rating Scale (11 point NRS 0-10). The NRS is a valid and reliable tool 

for assessing pain intensity in children and adolescents [25]. Reports of the frequency of 

pain symptoms were also assessed, with youth using a 6 point ordinal scale (0-5; 0 = “less 

than once/month” to 5 = “daily”) to describe how often pain occurs.
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2.2 Statistical Analysis

2.2.1. Data Processing and Summary—Item level analysis was conducted in order to 

identify items with extensive missing data or poor psychometric properties. First, the data on 

missing responses were examined for each item on the CALI-21. Item 10 (“Working at a 

job”) and item 11 (“After school practices”) had a large amount of missing values. For child 

report, 69% of subjects had no response for item 10 and 56% for item 11. For parent report, 

76% of subjects had no response for item 10 and 59% did not answer item 11. Given the age 

and health status of these children, we decided that these two items may have had limited 

applicability in this sample (many did not have a job or participate on sports teams) so we 

elected to drop items 10 and 11 from the CALI-21 in all subsequent analyses. For the 

remaining 19 items, we a priori decided that if a subject was missing 7 or more items 

(≥35%) the subject did not provide data reliable enough for our analysis and should be 

dropped. For those with 6 or less items missing, hot-deck imputation [1] was performed on 

items with missing values. We conducted imputations for child report and parent report 

separately.

For participants with sufficient data (<7 out of the 19 were missing) the hot-deck imputation 

was conducted as follows. The child report or parent report with complete items formed the 

“donor pool”. A response with missing items was then matched to one or more “donors” in 

the pool based on the distance (we used L1 norm) between items without missing values. 

The missing values were then replaced with the item values from the donor. If multiple 

donors were identified, one was then randomly chosen. Note with our cutoff, a child report 

or parent report may fall into one of the following three categories: 1) complete, 2) missing 

and imputation, or 3) missing and without imputation. Only subjects with both child report 

and parent report in the “missing and without imputation” category were excluded from 

subsequent analyses.

Summary statistics were used to describe characteristics of the dataset. Means and standard 

deviations were used for continuous data, and categorical items were described using 

frequency statistics. Chi-square tests and bivariate correlations were used to explore relations 

among demographic variables and self-report measures.

2.2.2. Exploratory and confirmatory factor analysis—Our next step was to re-

examine the underlying factor structure of the CALI-21 using exploratory and confirmatory 

factor analyses employing commonly used psychometric methods [12]. An exploratory 

factor analysis (EFA) was previously conducted [16] but this sample was limited in size 

(n=155) and therefore the current study provides a much larger dataset for analysis. The 

current study did not include any data used in the previous validation study. Before 

conducting the factor analyses, the dataset was divided into separate estimation and 

validation samples. This was achieved by randomly allocating half of the sample within each 

site into the estimation sample and half to the validation sample.

We then conducted an EFA on the estimation sample separately using child report and parent 

report data. The EFA utilized an iterative principle factor estimation method and direct 

oblique rotation. We used eigenvalue at one and scree test to determine the number of 

factors. We kept all the items regardless of factor loadings. Initially items were assigned to 
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factors with the highest factor loadings. The assignments were then reviewed and reconciled 

to generate a common factor structure for both child report and parent report. Given the 

CALI-21 items were scored on a Likert scale, we also conducted the factor analysis using 

Spearman's rank based correlation instead of Pearson's correlation matrix. The results were 

identical using both methods.

Next we validated the common factor structure using a multiple-factor measurement model 

on the validation sample (Confirmatory Factor Analysis CFA). The model was fitted using 

structural equation model (SEM), with latent constructs corresponding to the factors. Using 

a commonly accepted approach, we examined goodness of fit (GOF) indices including 

likelihood ratio test statistic, root mean squared error of approximation (RMSEA), AIC/BIC, 

comparative fit index (CFI), Tucker-Lewis index (TLI), standardized root mean squared 

residual (SRMR) and coefficient of determination (CD) [19].

2.2.3. Revised scoring of the CALI-21—All 21 original CALI-21 items were rated on a 

5-point scale for difficulty from (0) not very difficult to (4) extremely difficult. Previously 

the CALI-21 total score was based on available items reported. Because the total score 

depended on the number of observed items, one could not easily compare impairment in 

specific domains (Active and Routine) without having complete CALI-21 records. To 

address this we re-scored the CALI-21 using the following algorithm:

1. Step 1: Transform item score. Items are linearly transformed to a 0-100 scale as 

follows: 0=0, 1=25, 2=50, 3=75, and 4=100.

2. Step 2: Calculate factor scores

a) If more than 50% of the items in a factor (i.e., subscale) are missing, the 

factor score is not computed.

b) For those with ≤50% missing in a factor, the factor score is calculated as 

sum of the transformed item scores divided by the number of items 

answered.

3. Step 3: If both factor scores are available, then a total score is calculated as sum 

of factor scores divided by two. No total score is calculated if at least one factor 

cannot be scored. With the above scoring algorithm, the total CALI-21 score 

ranges between 0 and 100 regardless of number of items answered; with higher 

scores indicating greater limitations in function.

2.2.4. Reduction of CALI-21 items—To reduce the number of items and create a brief 

measure while retaining the factor structure, item reduction was conducted within each 

factor using commonly accepted strategies [21]. Applying the scoring algorithm to the 

estimation and validation samples, we calculated the factor scores based on candidate items 

for child report and parent report separately. Using the estimation sample, we regressed the 

factor score on individual items within the factor. We then applied the leaps-and-bounds 

algorithm [4] to identify the best combination of items with a given number of predictors in 

the model. For a given number of predictors, the optimal model was the one with the 

smallest value of AIC and BIC, the largest value of adjusted R-squared, and a value of 
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Mallow's Cp that was closest to the number of predictors in the model plus one or the 

smallest among the other Cp values. We determined a priori that the number of items left in 

the model should have to explain at least 90% of the variance (i.e., adjusted R-squared 

>=90%) in the factor scores based on full list of items. This selection process was performed 

for each factor and by child and parent report separately using the “vselect” add-on package 

in Stata [22]. We then combined the items identified from the child report and parent report 

for each factor to ensure a common factor structure across child and parent reports. For 

example, if items (4, 7, 13, 17, 19) were identified as the short list for one factor from the 

child report, and items (4, 7, 9, 17, 19) were identified as the short list for the same factor 

from the parent report, we would then consider the union of items (i.e., 4, 7, 9, 13, 17, 19) as 

the final common short list for the corresponding factor.

2.2.5. Preliminary Validation of the Shortened Measure—To validate the reduced 

items, we calculated the factor scores using both the full list of items and the reduced list of 

items in the validation sample. We then examined Pearson's correlation coefficients on the 

two sets of factor scores. We also regressed the factor scores based on the full list of items 

on the factor scores based on the reduced list of items, and examined the amount of variance 

explained (R-squared). A high value of R-squared would indicate the factor score based on 

the reduced list of items can be used in place of the factor score based on the full list of 

items. Additional regression analyses were conducted to examine relationships between the 

brief version of the CALI-21 and pain intensity. All data analyses were conducted using 

SPSS v20.0 [20] and Stata 12.1[22].

3. Results

3.1. Imputation for Missing Data and Descriptive Statistics

Combining data from the 3 sites resulted in a total sample of 1616 youth and 1614 parents. 

Among the 1616 youth participants, 234 (14.5%) had complete child report, 815 (50%) had 

1-6 items missing, and 567 (35%) had 7 or more items missing. Of the parent reports, 207 

(13%) had complete data, 831 (51%) had 1-6 items missing, and 578 (36%) had 7 or more 

items missing. 380 (23.5%) youth were removed from the dataset due to missing data on 7 

or more items in both the child report and parent report.

We examined participants' rates of item completion for the remaining 19 items after 

dropping items 10 and 11. We elected to drop data from participants who had responses 

missing from 7 or more items (>=35%). This was done individually for parent and child 

reports. Hot deck imputation was conducted for participants with 6 or less missing CALI 

items, with on average 3 missing items (Median=3, IQR: 2-4) imputed for child report and 3 

items (Median=3, IQR: 2-4) imputed for parent report. After imputation, among the final 

1236 parent-child dyads, 851 had complete data in both child and parent reports, 198 had 

complete child report but incomplete parent report, and 187 had complete parent report but 

incomplete child report.

The final sample consisted of 1236 youth who were an average of 14.4 years (SD=2.4, range 

8-18 years), 70.7% female, and 80% Caucasian. Average pain intensity was 6.3 (SD=2.0, 

0-10 NRS) and the majority of youth (79.8%) reported pain frequency of ≥ 4 times/week. 
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Among the 380 (23.5% of total 1616) youth removed from analyses, 360 (94.7%) were from 

Site 1, 18 (4.7%) from Site 2, and two (0.5%) from Site 3. Within Site 1, youth dropped 

from analyses were slightly younger (13.7 vs. 14.1, p=0.02), more likely to be Caucasian 

(72.5% vs. 80.1%, p=0.04), had less frequent daily pain (38.6% vs. 55.7%, p<.001), and 

reported less severe pain (5.9 vs. 6.6, p<.001; 0-10 NRS) than the remaining sample at Site 

1. The 18 participants dropped from Site 2 reported significantly higher pain (7.0 vs. 5.7, 

p=0.01) than the remaining sample in Site 2, but did not differ significantly in other pain or 

demographic characteristics.

3.2. Exploratory Factor Analysis

For the exploratory factor analysis, 616 records (49.8%) were randomly assigned to the 

estimation sample and 620 (50.2%) to the validation sample. For the child report, two factors 

were identified in exploratory factor analysis using the estimation sample (Factor 1: 

eigenvalue=8.25, proportion of variance explained=62.04%; Factor 2: eigenvalue=1.67, 

proportion of variance explained=12.57%). The factor loadings for child report after the 

oblimin rotation can be found in Table 2. Note because of the oblimin rotation, the loadings 

can only be interpreted as weights, not correlations to the factors. For the parent report, two 

factors were identified using the estimation sample (Factor 1: eigenvalue=8.84, % variance 

explained=64.67%; Factor 2: eigenvalue=1.61, % variance explained=11.78%).

As shown in Table 2, items 1, 3, 4, 8, 16, 17, 19, and 21 are clearly loaded more heavily onto 

Factor 2, while items 2, 5, 14, 15, 18, and 20 are clearly loaded more heavily onto Factor 1. 

Items 9, 12 and 13 have loadings ≥ 0.3 for both factors. But all three are consistently more 

heavily loaded unto Factor 2 therefore they are all classified into Factor 2. Based on the 

factor loadings, child report and parent report produced almost identical factor structures, 

with the exception being items 6 (“Doing a Hobby”) and 7 (“Playing with Friends”). These 

two items showed opposite directions on factor loadings. We reviewed the content on these 2 

items and made a final decision to assign both to Factor 2. The final factors were as follows: 

Factor 1 - items 2, 5, 14, 15, 18, 20 (6 total), and factor 2: items 1, 3, 4, 6, 7, 8, 9, 12, 13, 16, 

17, 19, 21 (13 total). This factor structure is the same for child and parent reports.

Using the validation sample, the next step was to calculate the mean (SD) of each factor on 

the parent and child reports using the 2 factor structure presented above. The child report 

Routine factor score had a mean of 41.62 (20.78) and an Active factor score of 54.72 

(25.34). Parent report Routine factor score had a mean of 43.14 (21.76) and an Active factor 

score of 56.14 (27.49). Pairwise correlations between child and parent factor scores showed 

they are strongly correlated. The correlation between the child report Routine score and 

parent report Routine score was 0.66 (p<.001). The correlation between the child report 

Active score and parent report Active score was 0.71 (p<.001). The Cronbach's α for 

Routine items was 0.89 for child report, and 0.91 for parent report. The Cronbach's α for 

Active items was 0.86 for child report, and 0.90 for parent report. These values support the 

same 2-factor structure as originally identified in the CALI-21 and demonstrate that the 2-

factor structure has good reliability.
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3.3. Confirmatory Factor Analysis

We fitted the two-factor measurement models to both the child report and parent report data 

in the validation sample using structural equation models. Similar to the EFA, the two-factor 

model demonstrated good fit for both parent and child report. Common thresholds for 

goodness of fit indices are: 0.07 on RMSEA, 0.90 on GFI, 0.05-0.08 on SRMR, and 0.95 on 

CFI. For the child report, fit indices from the CFA yielded a 2 factor solution (RMSEA=.10, 

coefficient of determination =.98, comparative fit index =.84, Tucker-Lewis index =.82). For 

the parent report, fit indices from the CFA yielded a 2 factor solution (RMSEA=.10, 

coefficient of determination =.99, comparative fit index =.88, Tucker-Lewis index =.86). See 

Figure 1.

3.4. Item Reduction

As reported above, items 6 and 7 showed inconsistent loading patterns across child and 

parent report, suggesting these items may be interpreted differently by children and parents. 

Due to this discrepancy across reporters, these items were excluded from possible inclusion 

in the brief measure. This left 11 items in Routine factor and 6 items in Active factor for the 

item reduction process. In the following item reduction and validation, Routine factor score 

based on 11 item and Active factor score based on 6 items were used exclusively. For item 

reduction we used linear regression and variable selection techniques to identify a smaller 

set of items that captured the majority of variance in the factor scores. The leaps-and-bounds 

algorithm [4] identified the best combination of items as predictors for each of the four 

factor scores (child report Routine score, child report Active score, parent report Routine 

score, and parent report Active score), conditional on the number of predictors. This 

algorithm was applied separately to child report and parent report. Unions of the set of items 

identified from child and parent reports are considered the final results allowing for a 

common structure for both child and parent report.

By applying the re-scoring algorithm to both the child report and parent report in the 

estimation sample, we were able to generate the factor scores for the Routine and Active 

factors, respectively. The results are summarized below. The resulting brief measure 

(“CALI-9”) has 9 items, 6 Routine and 3 Active. The final items on the Routine factor are: 

4, 12, 16, 17, 19 and 21. This set of 6 items explains 94% variation in the factor score 

calculated from all 11 items on the Routine for child report and 95% variation for parent 

report. The final items on the Active factor are: 5, 14, and 18. This set of 3 items explains 

93% of variation in the factor score calculated from all 6 items on the Active factor for child 

report, and 93% variation for parent report. The CALI-9 parent and child versions as well as 

detailed scoring instructions are located in Appendices A & B.

3.5. Preliminary validation of CALI-9

Using the validation sample, we calculated the Routine scores using all 11 items from the 

complete Routine factor and the reduced list of 6 items, for child report (Routine 11c vs. 

Routine 6c) and parent report (Routine 11p vs. Routine 6p), respectively. Similarly, we 

calculated the Active scores using all 6 items from the complete Active factor and the 

reduced list of 3 items for child report (Active 6c vs. Active 3c) and parent report (Active 6p 

vs. Active 3p), respectively. See Table 3.
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On the child report, the correlation between the 11 item and 6 item Routine factors was 0.95 

(p<.001) and the correlation between the 6 and 3 item Active factors was 0.95 (p < .001), 

demonstrating that both shortened child factors performed comparably to the longer item 

sets. To further validate the factor structure of the CALI-9 child report, a linear regression 

model analysis was performed. Under linear regression without intercept, Routine 6c 

captured 98.06% variation in Routine 11c (R2 =0.98); Active 3c captured 98.16% of 

variation in Active 6c (R2 =0.98). Similar patterns of associations emerged using the parent 

data (see Table 3). These high values of R2 confirmed that there was little information loss 

from factor scores calculated with the reduced list of items.

For additional validation of the CALI-9, we evaluated associations among CALI-9 subscale 

scores and individual factors (child age, sex and BMI) using the full sample. T-tests 

examining group differences in younger (8-12 years) versus older (13-18 years) youth 

revealed that younger children reported significantly fewer limitations on the Routine 

subscale than older children (40.12 vs. 43.81, p=0.02). There were no other age differences 

in CALI-9 total or subscales scores for either parent or child report. Sex differences among 

CALI-9 scores also emerged. Specifically, girls reported greater limitations on the Active 

subscale than boys (60.10 vs. 54.47, t(1126)= 3.13, p=.002), and greater limitations on the 

CALI-9 total score than boys (51.89 vs. 47.97, t(1104)=2.70, p=0.007). Parent-report of 

child activity limitations was not different by child sex. Associations among BMI and 

CALI-9 subscales were significant, with higher BMI correlated with greater activity 

limitations on Active and Routine subscales using parent and child report data (Pearson's 

correlation coefficient r's = .10 to .13, p's <.001).

The patterns of associations between pain intensity and parent and child CALI-9 subscale 

scores were examined using the full sample. Specifically, child report of usual pain intensity 

(0-10 NRS) was grouped into three categories: 0-3 NRS, 4-7 NRS, and 8-10 NRS. These 

cut-offs were selected based on recent data suggesting cut-offs of 4 for moderate and 8 for 

severe pain in youth [6]. The distribution of youth who reported pain intensity in each 

category is as follows: missing (4.21%), 0-3 NRS (9.14%), 4-7 NRS (58.66%) and 8-10 

NRS (27.99%). Boxplots indicate higher pain intensity is associated with higher CALI-9 

scores on both the Active (Figure 2) and Routine (Figure 3) subscales.

4. Discussion

Results of this study show that the CALI-9 is a promising brief assessment tool that can be 

used to rate pain-related activity limitations in children and adolescents with chronic pain. 

Using a large, multi-site sample of children and adolescents with chronic pain, the length of 

the CALI-21 was shortened from 21 to 9 items, with minimal loss in reliability, validity and 

variability. A common factor structure was identified for both child report and parent report 

forms, which further improves usability. The CALI-9 demonstrates good internal 

consistency for both child and parent forms and high cross-informant reliability. Initial 

validity is demonstrated by associations among CALI-9 score and pain intensity.

The accurate assessment of pain-related disability is important to both clinicians and 

researchers in pediatric chronic pain. This revised version of the CALI-21 presents the first 
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brief tool for assessing pediatric pain-related activity limitations that provides scoring for 

specific domains of activity impairment. Similar to the full measure, the exploratory and 

confirmatory factor analyses demonstrated a 2-factor fit to the data that provides assessment 

of Active and Routine domains. Assessment of disability in both Active and Routine 

domains enables clinicians and researchers to more specifically identify the type of pain-

related limitations that are experienced by the child. This is particularly relevant as pain 

experiences vary, and prior research has demonstrated that individual children are 

differentially impacted in their functional activities [28]. For example, in the original 

validation sample, [16] children with headache pain reported fewer limitations in the Active 

domain and greater limitations in the Routine domain than youth with other pain diagnoses. 

Additionally, children with comorbid disease and their parents reported greater limitations in 

the Active domain and parents reported higher total disability scores in their children, than 

parents of those without comorbid disease. The ability to assess the impact of pain in these 

two domains on the CALI-9 may allow for tailored treatment approaches, based on 

diagnosis and individual need, and increased sensitivity in detecting changes following 

treatment.

The CALI-9 has two significant improvements that will increase ease and interpretability in 

future use. First, the CALI-9 eliminated rarely endorsed or frequently skipped items on the 

CALI-21, resulting in a brief and highly relevant measure for assessment of pain-related 

impairment. Additionally, with further validation the CALI-9 may be used as a daily 

measure to assess short-term trajectories of pain-related disability or changes in patient 

functioning within the context of treatment. The two existing studies examining in-treatment 

activity limitations data are limited by use of an uncontrolled study [10] and lack of a 

standard item set in which participants rated disability [15]. Future research can use the 

CALI-9 to track change over time and determine whether disability can be modified by 

treatment or fluctuates with changes in symptoms, such as pain intensity or mood. The 

CALI-9 is a more precise measure of pain-related activity limitations than the PROMIS Pain 

Interference Scale, which contains an affective component (e.g., “I felt angry when I had 

pain”, “It was hard to have fun when I had pain”, and “It was hard for me to pay attention 

when I had pain”). Further, the CALI-9 maintains two subscales to assess separate domains 

of function which may also be useful for hypotheses testing the impact of various treatment 

approaches on the domains of active and routine function over time. Sex differences found 

on CALI-9 Active subscale also supports separate scoring of active versus routine domains. 

While a previous large-scale validation study of the FDI [8] did not find sex differences in 

pain-related disability in boys versus girls, it is possible that sex differences in FDI scores 

did not emerge because the FDI total score does not allow for examination of individual 

domains. Subscale scoring may also support targeted interventions focusing on areas of 

greatest impairment.

A second significant improvement involves the new scoring algorithm for the CALI-9, 

which takes into account missing items and number of items answered. The improved 

scoring system has a more straightforward interpretation of a child's pain-related disability 

on a 0-100 scale for both a total score and on the Active and Routine factors with higher 

scores indicating greater activity limitations. Using a 0-100 point scale, the CALI-9 is 

similar to measures of health-related quality of life. This new scoring system permits ease of 
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interpretation in tracking changes in pain-related disability over time, giving clinicians and 

researchers the ability to readily see improvement or decline in children's pain-related 

disability over time.

Important future directions include examining test-retest reliability and discriminant validity 

of the CALI-9 as well as administering the revised version to new samples of youth testing 

both the retrospective format (e.g., activity limitations in last 4 weeks) and daily diary report 

version (e.g., activity limitations in last 24 hours). Test-retest reliability will identify the 

stability in pain-related disability over a short period (e.g., 1 week, 2 weeks) and how 

sensitive the measure is in predicting clinical outcomes. For example, it is possible that the 

measure can be used as a screening tool to identify patients at greatest risk for poor 

outcomes in certain domains (e.g., significant limitations in the Active domain) or be used to 

track progress in a domain over time. Tests of discriminant validity would provide data on 

the ability of the CALI-9 to separate patients and participants based on pain diagnosis, pain 

location, or individual characteristics, such as BMI. Another important direction is to 

validate the CALI-9 using measures of objective assessment methods of activity such as an 

accelerometer. Previous research has demonstrated significant associations among peak 

activity level and sedentary time (assessed via accelerometer) and CALI-21 scores [27].

Findings of this study should be considered in light of several limitations. While the study 

included a large sample size with youth and parents from different geographical areas in the 

U.S, the multi-site sample lacked racial diversity. Data were compiled across three 

institutions and two geographic regions, however 80% of the sample was Caucasian and 

70% of youth were female. While these numbers reflect typical compositions of patients 

seen in specialty pediatric pain clinics, findings may not be generalizable to all youth with 

chronic pain. An additional limitation is that due to reporting differences across sites, data 

on child pain location and parent/family level variables were not available for inclusion in 

analyses. Data on pain location were collected using a variety of formats (e.g., multiple 

choice items, a body diagram) and questions (e.g., primary pain location, identifying all pain 

locations on body). Given this variability in assessment of pain location, we could not 

summarize pain location across the whole sample. Future research can examine how CALI-9 

(total and individual factor) scores differ by children's pain location or pain etiology (disease 

versus non-disease related). It will also be important to examine associations among CALI-9 

scores and measures of psychological distress/emotional function (e.g., pain catastrophizing, 

depressive symptoms, fear of pain) not available with the current data set given established 

associations among these factors and pain-related disability in youth (e.g., [2; 23]). Finally, 

all participants who completed the CALI-21 reflect clinical samples of youth with chronic 

pain. Responses from clinical samples may not generalize to general populations of youth 

with chronic pain, making validation of the CALI-9 with non-clinical samples an important 

next step.

It is also important to recognize that missing data could have influenced our results. 

Approximately 50% of youth and parents were missing data on 1-6 items of the CALI-21 

data included in the EFA, CFA, and item reduction analyses. While the robust sample size 

and data analytic methods were able to accommodate this missing data, it is important to 

note that youth who completed the questionnaires as part of clinical intake had more missing 
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data than youth whose data was collected as part of a research study. This suggests that 

study methods in research (e.g., electronic data collection) may have more effectively 

prevented item-level missingness, and also points to how measures may be impacted by the 

demands of the clinical environment. The shortened version (including elimination of less 

applicable/irrelevant items) is expected to improve the degree to which patients, participants 

and parents complete the measure in the context of routine clinical care.

In summary, the CALI-9 is a promising brief assessment tool that can be used to rate pain-

related limitations and track outcomes over time among youth with chronic pain. The 

measure includes both child and parent reports with a common factor structure and scoring 

that is easily interpretable. The factor analyses demonstrated that the CALI-9 can be used to 

assess limitations in active and routine domains, which may allow for better understanding 

of ways in which pain impacts the day-to-day functioning of children and adolescents with 

chronic pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CFA with two factor latent structure models on child report.
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Figure 2. 
Associations among usual pain intensity and Active subscale scores comparing 6 item and 3 

item versions.
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Figure 3. 
Associations among usual pain intensity and Routine subscale scores comparing 11 item and 

6 item versions.
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Table 1

Descriptives of study sample.

Variable Total (N=1236) Estimation sample (N=616) Validation sample (N=620) p-values

Age in years, Mean (SD) 14.44 (2.37) 14.47 (2.35) 14.40 (2.38) 0.59

Sex, N(%) 0.94

Female 874 (70.71) 435 (70.62) 439 (70.81)

Male 362 (29.29) 181 (29.38) 181 (29.19)

Race/ethnicity, N(%) 0.54

Caucasian/White 995 (80.50) 499(81.01) 496 (80.00)

African American/Black 79 (6.39) 43 (6.98) 36 (5.81)

Asian 11 (0.89) 5 (0.81) 6 (0.97)

Native American 13 (1.05) 8 (1.30) 5 (0.81)

Other or multi-racial 123 (9.95) 56 (9.09) 67 (10.81)

Missing 15 (1.21) 5 (0.81) 10 (1.61)

BMI, Mean (SD) 23.64 (6.32) 23.80 (6.55) 23.47 (6.09) 0.42

Usual Pain Intensity (0-10 NRS), Mean (SD) 6.29 (2.01) 6.38 (1.99) 6.21 (2.02) 0.16

Usual Pain Frequency 0.67

Less than once a month 12 (0.97) 8 (1.30) 4 (0.65)

1-3 times per month 19 (1.54) 11 (1.79) 8 (1.29)

Once a week 19 (1.54) 8 (1.30) 11 (1.77)

2-3 times a week 148 (11.97) 70 (11.36) 78 (12.58)

4-6 times a week 244 (19.74) 116 (18.83) 128 (20.65)

Daily 742 (60.03) 374 (60.71) 368 (59.35)

Missing 52 (4.21) 29 (4.71) 23 (3.71)

Sample size by study sites, N(%) 0.99

Site 1 742 (60.03) 371 (60.23) 371 (59.84)

Site 2 263 (21.28) 131 (21.27) 132 (21.29)

Site 3 231 (18.69) 114 (18.51) 117 (18.87)
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