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Abstract
Study Design: This is a secondary analysis of a cross-sectional population-based survey.

Objective: Shorten the 23-item Roland scale using item response theory methods and describe
where in the functional disability range each scale is the most precise.

Summary of Background Data: The Roland-Morris Disability Questionnaire is recommended
for a functional disability outcome measure in low back pain (LBP)patients. One commonly used
version is the modified 23-item Roland. It is unknown where in the functional disability range the
modified 23-item Roland measures.

Methods: One candidate individual with LBP in randomly selected households was interviewed,
identifying 694 adults with chronic LBP. To justify the use of a unidimensional 2-parameter
logistic item response theory model, we performed both exploratory and confirmatory factor
analysis.

Results: Exploratory factor analysis revealed one dominant eigenvalue. Confirmatory factor
analysis results indicate that the one factor model fit well. Item response theory analysis revealed
variability in the slopes, ranging from 1.07 to 3.10. The marginal reliability, an item response
theory-based analog to coefficient alpha, was 0.88. The modified 23-item Roland produces reliable
scores (i.e., with a standard error less than 0.3) from 1.4 standard deviations below the mean to
roughly 0.2 above the mean.

Conclusions: The modified 23-item Roland measures one construct. The modified 23-item
Roland appears to be an excellent tool for measuring just-below-average levels of functional
disability. The modified 23-item Roland measures high levels of functional disability with
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relatively poor reliability and may be more appropriate for a less disabled population with LBP.
We demonstrate that the modified 23-item Roland can be shortened to 11 items with minimal loss
of information. We show that there are different ways to go about selecting the set of 11 items
which yield short forms with different strengths.

Precis

Surveying randomly selected households, we identified 694 adults with chronic low back

pain. Item response theory methods determined that the modified 23-item Roland is the

most appropriate for measuring just-below-average levels of functional disability and described
alternatives for shortening this scale to 11 items with minimal loss of information.

Keywords
item response theory; Modified Roland-Morris Disability; Chronic low back pain

Introduction

Low back pain (LBP) patient-reported outcomes (PROs) are in large part assessed through
measurement of functional status. The modified Roland (mRoland) and the Oswestry
Disability Index (Oswestry) are recommended by experts and are the most common disease-
specific functional disability measures used in LBP patients.1=> Over the past ten years,
several articles report that the Oswestry may be more precise in patients who are more
functionally disabled and the mRoland may be more precise in a population with less
functional disability.3 52 This manuscript focuses only on the mRoland.

The mRoland comes from the Roland-Morris Disability Questionnaire or Roland.2 The
Roland was derived from the Sickness Impact Profile and has been translated into at least
12 languages.® The Roland can be completed in five minutes and consists of 24 functional
activity limitations due to LBP items.?

Seven different versions of the Roland are reported, the two most commonly used being

the original 24-item version and the modified 23-item (mRoland) version published by
Patrick.5: 10-11 The mRoland differs from the original by dropping five items and adding
four items (i.e. sexual functioning, daily housework, expressing concern, and rubbing or
holding the body areas that hurt).5: 10 The 23 items of the mRoland are listed in Table 1. The
23 items are rated either agree (1) or disagree (0). The items are typically summed so that a
higher score represents more disability.?

Psychometric analyses of the different versions of the Roland and the mRoland, primarily
done in the classical test theory framework, suggest that scores from these modifications

(as well as the original) display adequate levels of reliability and validity. Stroud et al.
performed an item response theory (IRT) analysis on the original Roland using data from

a population with chronic pain with the purpose of shortening the Roland and reported

a reliable and valid 11-item version.1! Two studies used IRT on the mRoland with the
primary focus on differential item functioning across gender, education, age, and other.12: 13
Differential item functioning is not a focus of this manuscript.
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The purpose of the current study is twofold. The main purpose is to address the question
posed above as to where in the functional disability range the mRoland measures in
community dwelling adults with chronic low back pain and to test the related hypothesis
that the mRoland is more precise in a population with less functional disability. The second
purpose is to describe how to create a shorter version of the mRoland using IRT methods.

Materials and Methods

This is a secondary analysis of a cross-sectional population-based survey of North
Carolinians regarding the prevalence of and care use from LBP.14 The survey follows up
on a 1992 prevalence survey in NC, which found that 3.9% of the adult population had
chronic back pain.1® Carey and colleagues replicated the survey in 2006.

Households were sampled using a stratified probability sample in North Carolina.14
Telephone numbers were selected by six sampling strata which included regions of the
strata and percent of African Americans in the population.}4 The response rates were as
follows: 66% for households, 86% for individuals, and 57% for overall. If the household
had more than one adult with back pain, then one was randomly selected and interviewed,
identifying 712 adults with chronic LBP. Surveying approximately 10,000 individuals, they
found that the prevalence of chronic, impairing low back pain had doubled to 10.2% of the
population.14

LBP was “defined as pain at the level of the waist or below with or without buttock
and/or leg pain.” Chronic LBP was defined as 1) report of “pain and activity limitations
nearly every day for the past 3 months or 2) more than 24 episodes of pain that limited
activity for 1 day or more in the past year”. 14 15 The mRoland was part of a 30 minute
computer-assisted telephone interview of chronic back pain care seeking and functional
status.

The methods and results of the 2006 sample selection are published in detail elsewhere
including tables of demographics for the larger sample (n=9924) and the demographic and
clinical characteristics of this sample with chronic LBP (n=723).14 This manuscript uses
an earlier data set than Freburger et al. with a slightly smaller n (712 versus 723).14 The
chronic LBP sample had a mean age of 53 years (range 21-96), was 62% female and 71%
non-Hispanic white and the mean summary mRoland score was 14.9.14

IRT Analyses

IRT has become increasingly popular in the assessment of patient-reported outcomes
(PROs). The 2-parameter logistic model (2PLM) is an appropriate model to use when the
item responses are dichotomous as in the mRoland. The 2PLM describes the probability
that an individual will endorse a particular item based on two properties of the item
(discrimination and severity) and the underlying level of the construct, functional disability,
which the individual possesses. For a more detailed description of the 2PLM see this chapter
in Test Scoring by Thissen et al.16 Multilog is used for the IRT analysis.1” It is widely
accepted that a sample size greater than 500 is sufficient for IRT analyses.18
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IRT predicts that reliability will vary depending on the score being given and the particular
properties of the test being administered. These varying levels of reliability are summarized
in two closely related ways: the test information function (TIF) and the standard error
curve (SEC). TIF tells where a particular scale provides more (or less) information about
respondents. Higher values are better (i.e., more information), but beyond that it is difficult
to make meaningful statements about particular amounts of information being “good” or
“bad”.

A closely related concept to information is that of a standard error. As information increases,
the precision with which a score can be estimated also increases. This results in a decrease
in the standard error (which can also be thought of as an increase in reliability). The TIF and
the SEC are mathematically related such that the standard error at any particular value of the
latent construct is equal to the reciprocal of the square root of the information at that level

of the latent construct. When the latent trait being measured is assumed to follow a standard
normal distribution (as is typically the case), IRT-based scores and their standard errors are
both in a standard normal metric (i.e., a z-score metric).

In addition to the TIF and SEC, MULTILOG also produces a marginal reliability estimate.19
Marginal reliability is an IRT analog to more commonly used reliability coefficients (e.g.,
coefficient alpha) that averages over the range of theta to create a one number summary

of how reliable scores from a scale will be. This is most useful when reliability is fairly
constant over scores. However, as can be seen in Figures 1 and 2, this is not the case in the
scales examined here.

EFA and CFA to Test Unidimensionality and Local Dependence for IRT Analysis

An assumption of the 2PLM presented here is that only one latent construct is being
measured by the items in question. To justify the use of a unidimensional 2PLM, we
performed both exploratory and confirmatory factor analysis (EFA and CFA, respectively).
We used the CEFA software package to conduct the EFAs and LISREL for the CFAs.20-21
EFA was performed on tetrachoric correlations using ordinary least squares (OLS)
estimation. When more than one factor was retained, oblique quartimax rotations were
used. CFA was also performed on a matrix of tetrachoric correlations using diagonally
weighted least squares estimation (DWLS). To evaluate the fit of the one-factor model we
used the root mean square error of approximation (RMSEA), comparative fit index (CFI),
the goodness of fit index (GF1), and the root mean residual (RMR).22:23

The number of participants included in the factor analyses decreased to 604, as listwise
deletion was used to deal with missing data for these analyses. The EFA analysis revealed
one dominant eigenvalue (13.00) and had only two additional eigenvalues greater than one
(1.6 and 1.2). We next fit a one factor CFA model to the 23 items of the mRoland. The CFA
results indicate that the one factor model fit well: RMSEA=0.058, CFI=0.99, GFI=0.987,
RMR=0.075. The EFA and CFA results both support the assertion that the mRoland is
sufficiently unidimensional to proceed with the IRT analyses.
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Using IRT to Create Short Forms

Results

An earlier IRT analysis of the original Roland by Stroud et al. (2004) was primarily focused
on using IRT to shorten the scale.1! The method through which the short form was created
is not entirely clear, but the resulting 11-item short form (hereafter referred to as Stroud)

is described in some detail. To better understand the implications of any efforts to shorten
the 23-item mRoland, we created two 11-item versions based on different guiding rules and
compared those to the mRoland and the Stroud. We created one 11-item form by choosing
the 11 items with the highest slopes (HS11) and the other by trying to evenly space the 11
items across the severity range being measured by these items (BR11).

IRT Analysis

The sample size for the IRT analysis was 670, as participants were not removed due to
missing responses. The estimated item parameters are reported in Table 1. Again, in the
2PLM a slope and severity parameter are estimated for each item. Estimated slopes ranged
from 1.07 to 3.43 and severity parameters ranged from —2.21 to 1.22.

The TIF and SEC for the mRoland are shown as the short dashed lines in Figures 1 and 2,
respectively (we will address the additional lines in those figures below). In general, higher
values are better for TIFs and lower values are better for SECs. When viewing TIFs or

SECs it is useful to mentally super-impose a standard normal distribution on the X-axis.
This reminds us that most scores (68%) are within one standard deviation from the mean and
nearly all scores (95%) are within two standard deviations from the mean.

The TIF and SEC for the mRoland suggest that it measures with good reliability (i.e.,
standard errors <0.3) those individuals who have a level of functional disability between
-1.4 and 0.2 (in a standard normal metric). Beyond this range the scores degrade in their
reliability quite rapidly. Scores in the higher range of functional disability are measured with
less reliability than those at the lower end, which in the SEC is visible in greater increase

on the right side than on the left side. For the 23-item mRoland the marginal reliability was
0.88, which is considered good by most standards.

Using IRT to Create Short Forms

Figure 3 contains 2PLM trace lines (known as item characteristic curves) for 11 different
items. The Y-axis in these plots is probability of endorsement and the X-axis represents
the latent construct being measured (functional disability). A score of zero on the X-axis
indicates an individual who has an average level of functional disability for the population
from which this sample was drawn. Similarly, a score of 1.5 indicates an individual who is
one and a half standard deviations above the average level of functional disability for the
population from which this sample was drawn.

The trace lines in Figure 3 help illustrate both differences in slope parameters and
differences in severity parameters across items. Four of the items have noticeably shallower
curves than the others, indicating that these items have a lower slope. In general, differences
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in slopes are reflected in the steepness with which the trace lines rise as one looks from left
to right in the figure. The severity parameters indicate where the 50% mark on the Y-axis
crosses a particular item. This controls the left-to-right shift observed among the items in
Figure 3. The further the item is to the left, the lower the severity parameter is (indicating
that an item is easy to endorse even for those with very little functional disability). The
further an item is to the right, the higher the severity parameter is.

Figure 4 contains 11 trace lines corresponding to the 11 items with the highest slopes from
the 23-item mRoland. A comparison with Figure 3 reveals that, although there are some
common items between the two 11-item subsets, the breadth of coverage obtained in the
“broad” 11-item subset is obtained at the expense of choosing items that are slightly weaker
in their association to the construct of interest.

In Figures 1 and 2 we compare the three 11-item short forms (Stroud, HS11, & BR11)

with the mRoland. Differences are more pronounced in the information plots, so we will
focus there. The first striking feature of Figure 1 is the drop in information from the 23-item
mRoland to any of the shorter versions. This is to be expected when shortening a scale,

but it is interesting to note some the more subtle differences among the three short forms.
The HS11 and Stroud are fairly similar, which supports the impression that the Stroud

item selection was primarily based on slopes. Despite their similarity, if one were forced to
choose, there is little to recommend the Stroud set of items over the HS11 set. The BR11
was selected to try and represent the range of severities observed in the mRoland items. This
short form sacrifices some precision at lower levels of functional disability to achieve greater
(but still not much) precision at higher levels of functional disability. There is generally
strong agreement between the scores produced by the short form and the scores from the
original 23-item mRoland. The HS11 scores correlate 0.95 with the mRoland scores and the
BR11 scores correlate 0.96 with the mRoland scores. The HS11 and BR11 scores correlate
0.93.

Discussion

The modified Roland (mRoland) and the Oswestry Disability Index (Oswestry) are
recommended by experts and are the most common disease-specific functional disability
measures in LBP patients.2 ® Over the past 10 years, several articles report that the Oswestry
may be more sensitive in patients who are more functionally disabled and the mRoland may
be more sensitive in a population with less functional disability.3:5-°

Summary of findings

The results of this analysis lend support to these previous findings that the Roland is more
appropriate for a less disabled population. In this vein, the mRoland can produce fairly
precise scores (i.e., with a standard error less than 0.4) from two standard deviations below
the mean to roughly one above the mean. It is apparent from the item parameters, the TIF,
and the SEC that the mRoland is not as reliable at measuring higher levels (i.e., greater

than 1 standard deviation above the population average) of functional disability from chronic
LBP in this community dwelling population.
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When using IRT to aid in shortening a scale, this example demonstrates again the
importance of considering the goal of the resulting scale. Here we demonstrated two
possible alternative short forms of the mRoland and used TIFs and SECs to convey
information about the loss of precision that accompanies the shorter scales. Since the
mRoland only takes a few minutes to complete, shortening this scale from 23 to 11 items
is probably not enough to justify any loss in precision in the clinical or research setting.
Particularly in the clinical setting where preserving the ability to detect change over time
is most important. These functional status measures are now being intergrated into the
electronic medical records and patient portals.

Limitations

A limitation of this study and Stroud et al.’s is the lack of generalizability to a pure clinical
LBP setting. Our study consisted of chronic LBP in a community-dwelling population
although a large majority (~84%) sought care in the past year.14 Stroud et al.’s population
consisted of patients from a multidisciplinary pain program presenting with different sites of
pain (36% LBP).11

Implications for practice

When in the IRT framework, it is thus possible to consider the desired use of a scale and
select items to create a short form that maximize the scale’s performance with respect to
some criterion. Selecting high slope items will yield the most precise measurement, but
may not cover the desired range. Selecting items based on location spread may be a more
effective way to create a short form, depending on the desired function. For example, a
neurosurgery clinic may target precision at a lower level of functional disability and use the
Oswestry as an PRO whereas a primary care clinic may target a higher level of functional
disability and utilize the mRoland.

Future Directions

The NIH Patient-Reported Outcomes Measurement Information System or PROMIS has

a Physical Function item bank and short forms ranging from 4 items to 20 items.2* As

IRT and complementary methods become more widely used, researchers and clinicians may
continue to want to use the well-validated mRoland or Owestry as legacy measures of low
back pain function. This is supported in a recent NIH Task Force on Research Standards

for Chronic Low Back Pain.2> Another NIH effort called PROsetta Stone, allows clinicians
and researchers to transform scores (via score transformation tables) from commonly used
legacy measures such as the mRoland and the Owestery to the PROMIS metric. This will
potentially perpetuate the continue use of the mROland and Oswestry, disases specific
legacy measures (not necessarily a bad thing) compared to the more general physical
function measures.24 Future research should administer both the mRoland and the Oswestry
and the PROMIS Physical Functions Short Forms or the PROMIS Physical Function item
bank to a wide range of clinical LBP patients to further test this hypothesis of where in the
functional disability range each measures covers the most precisely.
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Conclusions

The mRoland appears to be an excellent tool for measuring just-below-average levels

of functional disability (remembering that average is relative to the population studied
here). However, if a researcher is interested in measuring a more severely disabled group,
the mRoland does not appear to provide reliable assessment of high levels of functional
disability due to LBP. This study advances our knowledge when selecting PROs to measure
LBP.
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Figurel.
Test information functions four modified variants: 1) HS11 - 11 items with the highest IRT

slope estimates, 2) BR11 - 11 items with the widest spread of severity estimates, 3) Stroud et
al (2004) - 11-item short form 4) full mRoland - 23 items in the modified Roland.
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Standard error curves four modified variants: 1) HS11 - 11 items with the highest IRT slope

estimates, 2) BR11 - 11 items with the widest spread of severity estimates, 3) Stroud et al
(2004) - 11-item short form 4) full mRoland - 23 items in the modified Roland
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2PLM trace lines for an 11-item short form of the modified Roland-Morris Disability

Questionnaire which was selected to have a broad range of severity estimates (&
parameters).
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Theta (functional disability)

Figure 4.
2PLM trace lines for an 11-item short form of the modified Roland-Morris Disability

Questionnaire which was selected by choosing the items with the 11 highest slope estimates
(a-parameters).
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Items and item parameters from the modified Roland-Morris Disability Questionnaire

Table 1.

Stroud HS11 BRI11 Item Text A b
X change position frequently 107 -221
sleep less well 112 -1.42
X X avoid heavy jobs around the house 222 -1.26
X X X walk more slowly than usual 286 -1.17
painful almost all of the time 133 -1.07
X go up stairs more slowly than usual 1.83 -1.00
X X X try not to bend or kneel down 230 -0.90
rubbing or holding areas of my body that hurt ~ 1.41 -0.84
X doing less of the daily work around the house ~ 2.57 -0.74
X X only stand for short periods of time 211 -0.72
X X X get dressed more slowly than usual 3.43 -0.68
X X X only walk short distances 3.01 -0.58
X use a handrail to get upstairs 120 -0.57
find it difficult to turn over in bed 1.61 -0.39
X X X find it difficult to get out of a chair 310 -0.36
X X trouble putting on socks or stockings 215 -0.35
sexual activity is decreased 161 -0.35
X X hold on to something to get out of an easy chair 2.48 -0.22
X more irritable and bad tempered than usual 133 -0.11
X not doing any of the jobs around the house 1.89 -0.01
X express concern about health 1.34 0.00
X X stay at home most of the time 3.07 0.05
X Stay in bed most of the time 170 122
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Note. Stroud = 11-item short form reported by Stroud et al. (2004). HS11 = 11-item short form created by choosing the 11 items with the highest
IRT slope values. BR11 = 11-item short form created by choosing 11 items with a wide range (relative to the available pool) of IRT severity values.
In the first three columns, an “x” indicates that an item is included on that particular short form. IRT slopes (a-parameters) are provided in the

column labeled “a” and IRT severity values (b-parameters) are provided in the column labeled “b”.
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