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Item- and Scale-Level Characteristics at Least as Good
as the Roland Morris Disability Questionnaire in
Patients With Chronic Low Back Pain
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Maarten Boers, PhD,d,e Raymond W. Ostelo, PhD,a,b Caroline B. Terwee, PhDa

From the aDepartment of Health Sciences, Faculty of Science, Amsterdam Movement Sciences Research Institute, VU University, Amsterdam;
bDepartment of General Practice, Erasmus MC, University Medical Center, Rotterdam; cAmsterdam Rehabilitation Research Center, Reade,
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Abstract

Objective: To compare dimensionality, item-level characteristics, scale-level reliability, and construct validity of PROMIS Physical Function

short forms (PROMIS-PF) and 24-item Roland Morris Disability Questionnaire (RMDQ-24) in patients with chronic low back pain (LBP).

Design: Cross-sectional study.

Setting: Secondary care center for rehabilitation and rheumatology.

Participants: Patients with nonspecific LBP �3 months (NZ768). Mean age was 49�13 years, 77% were female, and 54% displayed pain for

more than 5 years.

Interventions: Not applicable.

Main Outcome Measures: Dutch versions of the 4-, 6-, 8-, 10-, and 20-item PROMIS-PF and of the RMDQ-24.

Results: PROMIS-PF-6, PROMIS-PF-8, and RMDQ-24 exhibited sufficient unidimensionality (confirmatory factor analysis: comparative fit

index>0.950, Tucker-Lewis index>0.950, root means square error of approximation<0.060), whereas the other instruments did not. All in-

struments were free of local dependence except PROMIS-PF-20 with 4 item pairs with clear residual correlations. Mokken scale analysis found 1

nonmonotone item for PROMIS-PF-20 and 8 for RMDQ-24 (ie, the probability of endorsing these items was not increasing with increasing level

on the underlying construct). PROMIS-PF-20 displayed 2 misfitting items (S-c2 P value>.001). Two-parameter item response theory models

found 2 items with low discrimination for RMDQ-24. All other instruments had adequate fit statistics and item parameters. PROMIS-PF-20

displayed the best scale-level reliability. Construct validity was sufficient for all instruments as all hypotheses on expected correlations with

other instruments and differences between relevant subgroups were met.

Conclusions: PROMIS-PF-6, PROMIS-PF-8, and RMDQ-24 exhibited better unidimensionality, whereas PROMIS-PF-4, PROMIS-PF-6,

PROMIS-PF-8, and PROMIS-PF-10 showed superior item-level characteristics. PROMIS-PF-20 was the instrument with the best scale-level

reliability. This study warrants assessment of other measurement properties of PROMIS-PF short forms in comparison with disease-specific

physical functioning instruments in LBP.
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Low back pain (LBP) is globally the most burdensome health
condition in terms of disability.1 There is some agreement that
physical functioning (referring to daily physical activities
ranging from self-care to more complex activities) is the most
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important health domain to be measured in LBP.2 Patient-
reported outcome measures (PROMs) are the most frequently
used instruments to measure it,3 and this type of instrument
has been advocated to monitor patient outcomes in routine
clinical practice and to measure (cost-) effectiveness of
interventions.4,5

The Roland Morris Disability Questionnaire is the most
frequently used instrument to measure physical functioning in
LBP clinical trials6 and has been recommended to measure this
domain in clinical research and practice.7-10 Various versions
exist,11 but the original 24-item Roland Morris Disability
Questionnaire (RMDQ-24) is the most frequently used.12 The
RMDQ-24 was developed by selecting items from the Sickness
Impact Profile that could reflect physical functions that were
likely to be affected by LBP.13 Twenty of its items measure
activity limitations, 2 measure psychological impairments, 1
measures sleep disturbances, and 1 measures pain and symp-
toms.14 The measurement properties of the RMDQ-24 have
been thoroughly investigated in patients with LBP and have
exhibited sufficient test-retest reliability, construct validity, and
responsiveness.15,16 Nevertheless, several studies have found
that its structural validity is not sufficient (ie, its total score is
not unidimensional) and that its measurement error is too large
to distinguish error from “real” change15-17; a few recent
studies have also highlighted issues with its content validity in
measuring physical functioning aspects important to patients
with LBP.17

The Patient Reported Outcomes Measurement Information
System (PROMIS) initiative has developed a series of patient-
reported item banks measuring a broad range of health do-
mains.18,19 These item banks are domain specific, assumed to be
applicable across various health conditions, and designed to be
administered through computerized adaptive testing (CAT).20 A
combination of qualitative (eg, cognitive interviews with patients)
and quantitative (eg, confirmatory factor analysis, item response
theory) methods were used for their development.21,22 Static short
forms, including the best performing items, were extracted from
each item bank.18,23 A PROMIS Physical Function (PROMIS-PF)
List of abbreviations:

CAT computerized adaptive testing

CFA confirmatory factor analysis

COSMIN consensus-based standards for the selection of

health measurement instruments

IRT item response theory

LBP low back pain

NRS numeric rating scale

PROM patient-reported outcome measure

RMDQ-24 24-item Roland Morris Disability

Questionnaire

PROMIS Patient Reported Outcomes Measurement

Information System

PROMIS-PF Patient Reported Outcomes Measurement

Information System Physical Function

PROMIS-PF-4 4-item PROMIS Physical Function short form

PROMIS-PF-6 6-item PROMIS Physical Function short form

PROMIS-PF-8 8-item PROMIS Physical Function short form

PROMIS-PF-10 10-item PROMIS Physical Function short

form

PROMIS-PF-20 20-item PROMIS Physical Function short

form

PROMIS-GH-10 10-item PROMIS Global Health short form
item bank was developed with the goal of measuring a person’s
ability to carry out various activities that require physical capa-
bility, ranging from self-care to more vigorous activities that
require increasing degrees of mobility, strength, or endurance.24-26

PROMIS-PF was evaluated in the general population and in
samples including patients with various conditions, exhibiting
adequate structural and construct validity.27-30 For adults, 5 stan-
dard static short forms of 4, 6, 8, 10, and 20 items were developed
for PROMIS-PF.31

The National Institutes of Health Task Force on research
standards for chronic LBP recommended the 29-item PROMIS
profile, which consists of a set of short forms measuring
different domains and includes the 4-item PROMIS-PF short
form (PROMIS-PF-4) as a measure of physical functioning.32

However, the measurement properties of this and other
PROMIS-PF short forms have not been assessed as stand-alone
instruments in patients with LBP but only in other musculo-
skeletal disorders.33-36 For this reason and for their universal
(generic) nature, an international Delphi panel of experts
recently considered these instruments not ready to be endorsed
as core instruments for LBP.7 Recent research has highlighted
the urgent need for head-to-head comparison studies of PROMs
measuring the same domain in LBP to determine if any of these
should be preferred over others.7,8,15,17 The RMDQ-24 was
developed as a disease-specific tool to measure LBP-related
physical disabilities,12 while PROMIS-PF was designed to
assess physical functioning in general.37 Despite this differ-
ence, it is assumed that both instruments can measure physical
functioning in patients with LBP because these are the domain
and target population for which they have already been rec-
ommended by measurement experts.7,9,10,32

Various measurement properties of a PROM can be assessed
and compared in head-to-head comparison studies.38 A panel of
clinimetric and psychometric experts determined that content
validity (ie, the degree to which the content of a PROM is an
adequate reflection of the domain to be measured)38 is the first
property to be evaluated when selecting a PROM.39 The second
property to consider is structural validity (ie, the degree to
which the items of a PROM assess the domain to be measured
and only this domain).38 Content validity and structural validity
are distinguished by the consensus-based standards for the se-
lection of health measurement instruments (COSMIN) taxon-
omy from construct validity/hypotheses testing (ie, the degree
to which the scores of a PROM are consistent with hypotheses
[eg, regarding internal relationships, relationships to scores of
other instruments, differences between relevant groups] based
on the assumption that the instrument validly measures the
construct to be measured).38 Regarding content and structural
validity, there is high-quality evidence showing that the struc-
tural validity of the RMDQ-24 is not sufficient, whereas evi-
dence on its content validity is more uncertain.17 To date, it is
unclear if the lack of unidimensionality of the RMDQ-24 is a
feature in common with other PROMs to measure physical
functioning in LBP17; additionally, it is unknown if instruments
developed more recently with more advanced psychometric
methods (eg, PROMIS-PF) display better structural validity,
item-level characteristics, and scale-level reliability than
traditional tools like the RMDQ-24.17 Therefore, the goal of
this study was to perform a head-to-head comparison of the
PROMIS-PF short forms and the RMDQ-24 in patients with
LBP, with emphasis on unidimensionality, item-level charac-
teristics, scale-level reliability, and construct validity.
www.archives-pmr.org
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Methods

Participants

This study is a secondary analysis of a cross-sectional sample of
patients with nonspecific chronic pain under treatment in Reade,
an outpatient secondary care center for rehabilitation and rheu-
matology in Amsterdam (Netherlands) between September 2010
and November 2014.27 Adult patients (21 years and older) with a
musculoskeletal pain complaint of at least 3 months and who
provided informed consent for participating to research were
included in the sample. The local institutional review board
approved the study.

For this study, patients with chronic LBP (�3mo) were
selected from the original sample.27 Patients who had all items
missing on the PROMIS-PF short forms or on the RMDQ-24 were
excluded. Other patients with missing data were included in the
analyses because item response theory (IRT) analysis can handle
the presence of missing data.40 Data were available on socio-
demographic and clinical characteristics.
Table 1 Content, missing data, and descriptive statistics of the items i

chronic low back pain (NZ768)

Item Code Item Content

Are you able to

PFA11 do chores, such as vacuuming or yard work?*

PFA21 go up and down stairs at a normal pace?*

PFA23 go for a walk of at least 15 minutes?*

PFA53 run errands and shop?*

Does your health now limit you in

PFC12 doing 2 hours of physical labor?y

PFB1 doing moderate work around the house like vacuuming, sw

floors, or carrying in groceries?y

PFA5 lifting or carrying groceries?y

PFA4 doing heavy work around the house like scrubbing floors or

or moving heavy furniture?y

PFA1 doing vigorous activities, such as running, lifting heavy o

or participating in strenuous sports?y

PFC36 walking more than 1.5 km?y

PFC37 climbing 1 flight of stairs?y

PFA3 bending, kneeling, or stooping?y

Are you able to

PFA16 dress yourself, including tying shoelaces and doing button

PFB26 shampoo your hair?*

PFA55 wash and dry your body?*

PFC45 get on and off the toilet?*

PFA12 push open a heavy door?*

PFA34 wash your back?*

PFA38 dry your back with a towel?*

PFA51 sit on the edge of a bed?*

PFA56 get in and out of a car?*

PFB19 squeeze a new tube of toothpaste?*

PFB22 hold a plate full of food?*

PFB24 run a short distance, such as to catch a bus?*

PFC46 transfer from a bed to a chair and back?*

* These items can be scored as “without any difficulty,” “with a little diffic
y These items can be scored as “not at all,” “very little,” “somewhat,” “qu

www.archives-pmr.org
Measurement instruments

The 121-item Dutch version of the PROMIS-PF v1.2 item bank
includes items on functioning of the spine, the extremities, and
ability to carry out instrumental activities of daily living (eg,
housework).25,26,41 The items of the 4-, 6-, 8-, 10-, and 20-item
PROMIS-PF short forms were extracted from this item bank.
The 4-, 6-, and 8-item PROMIS-PF (PROMIS-PF-4, PROMIS-PF-
6, PROMIS-PF-8) were developed by using quantitative analyses,
for example, maximum interval information and CAT simulations,
and qualitative analysis, for example, interviewing content ex-
perts.31 The quantitative part was conducted in an internet sample
of more than 21,000 persons from the general population,
including various clinical samples, among which were 1473 adults
with self-reported osteoarthritis or rheumatoid arthritis.23,25 The
items for these 3 forms were selected so that the 3 instruments
could be nested (table 1).31 The 10- and 20-item PROMIS-PF
(PROMIS-PF-10, PROMIS-PF-20) were constructed by the
PROMIS domain team with a focus on representing the breadth of
the measured construct and the content of the item bank31;
PROMIS-PF-10 is nested in the PROMIS-PF-20 (see table 1). A
ncluded in the PROMIS Physical Function short forms in patients with

PROMIS-PF Missing

Responses (n) Mean � SD4 6 8 10 20

U U U U U 3 2.4�1.2

U U U 2 2.9�1.3

U U U 1 3.5�1.4

U U U 5 3.1�1.2

U U U 7 2.2�1.1

eeping U U 7 2.3�1.1

U U U 2 2.4�1.0

lifting U 5 1.6�0.9

bjects, U U 5 1.4�0.8

U U 5 2.4�1.3

U U 6 3.3�1.2

U U 2 2.5�1.0

s?* U U 4 2.9�1.3

U U 3 4.1�1.1

U U 3 4.0�1.1

U U 5 3.9�1.1

U 3 2.6�1.2

U 4 3.0�1.4

U 7 3.9�1.3

U 4 4.5�0.9

U 6 3.6�1.1

U 4 4.4�1.0

U 2 4.1�1.1

U 2 2.5�1.4

U 5 4.2�1.1

ulty,” “with some difficulty,” “with much difficulty,” and “unable to do.”

ite a lot,” and “cannot do.”

http://www.archives-pmr.org


Table 2 Content, missing data, and descriptive statistics of the items included in the 24-item Roland Morris Disability Questionnaire in

patients with chronic low back pain (NZ768)

Item Code Item Content

Missing

Responses (n)

Item

Endorsement (%)

1 I stay at home most of the time because of my back 6 60

2 I change position frequently to try and get my back comfortable 5 94

3 I walk more slowly than usual because of my back 5 74

4 Because of my back pain, I am not doing any of the jobs that I usually

do around the house

5 68

5 Because of my back, I use a handrail to get upstairs 13 76

6 Because of my back, I lie down to rest more often 8 62

7 Because of my back, I have to hold on to something to get out of an easy chair 8 60

8 Because of my back, I try to get other people to do things for me 6 44

9 I get dressed more slowly than usual because of my back 8 62

10 I only stand for short periods of time because of my back 10 35

11 Because of my back, I try not to bend or kneel down 9 67

12 I find it difficult to get out of a chair because of my back 5 59

13 My back is painful almost all the time 4 70

14 I find it difficult to turn over in bed because of my back 4 65

15 My appetite is not very good because of my back pain 11 17

16 I have trouble putting on my socks (or stockings) because of the pain in my back 6 64

17 I only walk short distances because of my back 3 67

18 I sleep less well because of my back 4 65

19 Because of my back pain, I get dressed with help from someone else 8 10

20 I sit down for most of the day because of my back 8 33

21 I avoid heavy jobs around the house because of my back 6 81

22 Because of my back pain, I am more irritable and bad tempered with people than usual 9 49

23 Because of my back, I go up stairs more slowly than usual 7 74

24 I stay in bed most of the time because of my back 6 11
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time frame is not provided for any item, but current health status is
inferred; each item is scored on a 5-point Likert scale. T scores
with a mean of 50�10 representing the (Unites States) population
were calculated for each short form with the scoring service of the
HealthMeasures Assessment Center,42 with higher scores indi-
cating better functioning.

The RMDQ-24 includes 24 statements representing activities
routinely done or avoided and asks respondents to endorse those
that describe themselves “today” (ie, dichotomous responses)12

(table 2). A 0-24 sum score is calculated by counting the num-
ber of endorsed items12 and can be converted into a 0-100 total
score,43 with higher scores indicating worse functioning.

PROMIS-PF short forms and RMDQ-24 were administered
digitally with a computer device to every patient in the same
measurement occasion, and the PROMIS-PF was administered
prior to the RMDQ-24.
Comparator measurement instruments

Comparator instruments to assess construct validity were chosen
based on the variables available in the data set and domains
frequently measured in LBP. Recent consensus exercises estab-
lished that, besides physical functioning, pain intensity and health-
related quality of life should always be measured for research and
practice in patients with LBP.2,44

The 10-item PROMIS Global Health v1.2 short form
(PROMIS-GH-10) assesses generic domains of health and well-
being: self-rated health, quality of life, physical functioning,
psychological functioning, (satisfaction with) social functioning,
fatigue, and pain.45 Nine items are scored on a 5-point Likert
scale; 1 pain item is scored on a 0-10 numeric rating scale (NRS)
ranging from “no pain” to “worst imaginable pain.” Two raw
summary v1.2 physical and mental health component scores
were calculated and converted into T scores, with higher scores
indicating better health.4 The PROMIS-GH-10 v1.2 showed
favorable measurement properties in the general population in
samples of patients undergoing knee arthroscopy and with
fibromyalgia.35,46,47

The 11-point NRS pain item of the PROMIS-GH-10 was also
used as stand-alone pain intensity instrument because it is rec-
ommended for measuring pain intensity in chronic LBP7,8,32; this
instrument has exhibited sufficient test-retest reliability and
construct validity in this patient population.48
Statistical analysis

Descriptive statistics were used for sociodemographics, clinical
characteristics, and calculating instruments’ total scores. IRT an-
alyses were also used in this study because IRT provides an
excellent toolbox for psychometric evaluations by focusing on the
relationship between item responses and a respondent’s level on
the underlying measured domain.49,50 Some analytic features of
IRT cannot be obtained with classical test theory analysis, such as
estimating item parameters and scale-level reliability along the
continuum representing the construct and examining the optimal
number of response options for each item.49,50 The PROMIS IRT
analysis plan was followed to assess IRT assumptions and model
fit.22 In addition, construct validity was assessed.
www.archives-pmr.org
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IRT assumptions

Unidimensionality indicates that all the items of a questionnaire
measure only 1 single underlying construct; it legitimizes that the
item scores can be used to calculate total score. Unidimensionality
was evaluated with a confirmatory factor analysis (CFA) on the
polychoric correlation matrix through application of a diagonally
weighted least squares estimator.22 Fit to a unidimensional model
was considered sufficient if the CFA scaled parameters met the
following indices: comparative fit index>0.950, Tucker-Lewis
index>0.950, and root means square error of approx-
imation<0.060.39 CFA was evaluated with the R pack-
age lavaan.51

Local independence means that responses to the items are
independent of each other after controlling for the dominant
construct. So, it indicates that the item scores vary only based on
the “level” of the construct being measured, in this case physical
functioning. Local independence was examined by checking the
residual correlation matrix resulting from CFA. The residual
correlations are the correlations between the error terms of the
items. Item pairs with residual correlations>0.2022 were
considered potentially locally dependent and further examined;
an item pair was considered locally dependent if the removal of
1 of the 2 items led to substantial changes in IRT item param-
eters and fit. An instrument was considered free of local
dependence if no locally dependent item pairs could be
retrieved.27 Residual correlations were calculated with the
R package lavaan.51

Monotonicity indicates that the probability of affirmative
responses to the items increases with increasing levels on the
underlying construct. Lack of monotonicity will result in items
with “disordered” response options. Monotonicity was assessed
by fitting the nonparametric monotone homogeneity model
from Mokken scale analysis, which assesses whether a cluster
of items adheres to this measurement model.52,53 Scalability
coefficients were calculated for each item (Hi), expressing the
degree to which an item is related to other items in the scale.54

The resulting item response curves were inspected to determine
the presence of nonmonotone items; an instrument was
considered free of monotonicity if it did not include any non-
monotone item.22 The R package mokken was used for this
analysis.55

IRT model fit and item parameters

IRT model fit indicates that the responses to the items can be
described sufficiently by the IRT model at issue and is a prereq-
uisite for calculating IRT parameters (ie, the so-called item slopes
and item thresholds) and IRT-based total scores. To assess IRT
model fit, the graded response model for polytomous data56 was
used for PROMIS-PF short forms, and the 2-parameter logistic
model was used for dichotomous data57 for the RMDQ-24. Model
fit was assessed with S-c2 item fit statistics, which quantify dif-
ferences between observed and expected response frequencies
under the estimated IRT model, with S-c2 P value<.001 indi-
cating item misfit.22 An instrument was evaluated free of model
misfit if it did not include any misfitting item.22 IRT analyses were
undertaken with the R package mirt.58

Item slopes (a) indicate how discriminative an item is in
measuring the underlying construct. The higher a, the higher the
discrimination of the item at issue and the higher its ability to
distinguish between respondents (patients) who only have a small
www.archives-pmr.org
difference in level on the construct (called theta (q) in IRT, in this
case physical functioning. Item thresholds (b), which are the
thresholds between the response options of each item, are in-
dicators of their “level” on the construct and are located along
theta. Item thresholds should have increasing values on theta and
not be disordered.49 An item was considered to be sufficiently
discriminative if its item slope was >1. Item thresholds were
considered to be sufficient if they were ordered along theta as
expected. When removing a potentially locally dependent item, a
change in IRT fit and parameters was considered substantial if 1 or
more misfitting items displayed adequate fit, 1 or more item slopes
shifted from <1 to >1, or 1 or more disordered item thresholds
became ordered.

Reliability

In the context of IRT, reliability is operationalized as the degree of
information that it provides on the measured construct. The higher
the information, the less error, the more precise the construct at
issue is being measured, and thus the better the reliability of the
instrument. The standard error of measurement of an item or of a
questionnaire can be calculated with the formula SEðqÞ Z
1=Oðinformation ðqÞ. A smaller SE indicates greater measurement
precision, and a 0-1 reliability coefficient can be calculated as
1�(1/information).59 A scale-level reliability�0.80 is considered
sufficient to analyze population means, while a reliability�0.90 is
required for individual use.60 Because there is not a standard
criterion to judge sufficient reliability within a IRT context, a
criterion was specifically made for this study: an instrument was
judged to have sufficient reliability if displaying reliability�0.90
between theta values �4 and 4. A scale information function was
estimated for each instrument with the R package ltm61 to have an
indication of the measurement precision of the total scale for
different values of theta.22

Construct validity - hypotheses testing

Construct validity indicates whether an instrument really measures
the intended constructs, in this study physical function. If so,
hypotheses addressing the relationship between the construct at
issue and other variables or constructs should be met. Construct
validity was assessed by formulating and testing hypotheses, as
suggested by the COSMIN and the International Society for
Quality of Life Research initiatives.62,63

Based on previous studies in patients with LBP,15 it was a
priori hypothesized that physical functioning instruments would
correlate �0.60 with the PROMIS-GH-10 physical health score,
between 0.20 and 0.50 with the PROMIS-GH-10 mental health
score, and between 0.40 and 0.60 with the pain NRS. Pearson
correlation coefficients (r) were used to test these hypotheses. It
was also hypothesized that patients with concomitant chronic
widespread pain would display lower physical functioning than
patients without pain because there is evidence that this condition
is associated with various comorbidities.64 To have sufficient
construct validity, an instrument had to meet at least 75% of these
hypotheses.39
Results

Table 3 presents patients’ characteristics (NZ768). Item-level
missing and descriptive responses are outlined in tables 1 and 2.

http://www.archives-pmr.org


Table 3 Sociodemographic and clinical characteristics of the

patients with chronic low back pain included in this study

(NZ768)

Characteristics Values

Age, mean � SD (y) 49�13

Female (%) 77

Country of birth (%)

Netherlands 49

Morocco 9

Turkey 7

Suriname 6

Other countries 12

Missing 17

Education (%)

No education 5

Primary school 10

Secondary school 36

Higher education 31

Missing 18

Living status (%)

Single 35

Married living together 53

Living apart together 4

With parents 2

Other situations 5

Missing 1

Work status (%)

Student 2

Full-time employed 14

Part-time employed 22

Unpaid housekeeping 11

Retired 8

Unemployed 17

Other status 24

Missing 2

When pain started (%)

3-6 mo ago 1

6 mo-1 y ago 3

1-2 y ago 12

2-5 y ago 29

More than 5 y ago 54

Headache (%) 40

Cancer-related pain (%) 2

Osteoarthritis (%) 41

Rheumatoid arthritis (%) 14

Neuropathic pain (%) 25

Fibromyalgia (%) 37

Neck pain (%) 29

Shoulder pain (%) 34

Chronic widespread pain (%) 56

Other pain disorders (%) 55

PROMIS-PF short forms (0-100), mean � SD

4-item 37�7

6-item 36�6

8-item 35�6

10-item 35�6

20-item 35�7

RMDQ-24 (0-100), mean � SD 56�25

(continued on next column)

Table 3 (continued )

Characteristics Values

PROMIS-GH-10 short form (0-100), mean � SD

Physical health 35�7

Mental health 39�8

Pain NRS (0-10), mean � SD 6.9�1.9
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IRT assumptions

PROMIS-PF-6, PROMIS-PF-8, and RMDQ-24 exhibited suffi-
cient fit according to CFA (table 4). The other 3 instruments did
not meet this fit based on the root means square error of
approximation values, which were >0.060 (see table 4), showing
less adequate unidimensionality.

No potentially locally dependent item pairs were observed for
PROMIS-PF-4, PROMIS-PF-6, and PROMIS-PF-8 (table 5). One
potentially locally dependent item pair was found for PROMIS-
PF-10, 9 were found for PROMIS-PF-20, and 2 were found for
RMDQ-24. For PROMIS-PF-10 and RMDQ-24, item removals
did not lead to any substantial change in IRT item parameters.
PROMIS-PF-20 presented 4 item pairs with high residual corre-
lations (therefore potentially locally dependent): PFB19-PFB22,
PFC12-PFC36, PFC12-PFA1, and PFC36-PFA1 (see table 5). The
removal of PFB19, PFB22, PFC12, PFA1, or PFC36 led to an
improvement in model fit (ie, no more misfitting items), sug-
gesting that all item pairs were locally dependent.

PROMIS-PF-4, PROMIS-PF-6, PROMIS-PF-8, and PROMIS-
PF-10 had only monotone increasing item response curves (see
table 5). The PROMIS-PF-20 had 1 item and RMDQ-24 had 8 items
with a nonmonotone increasing item response curve (see table 5).
IRT analyses

The PROMIS-PF-20 was the only instrument with misfitting items
(PFA38 and PFA55, S-c2 P value<.991) (see table 5). All
PROMIS-PF short forms had adequate item parameters because
all item slopes were �1 and all item thresholds were ordered (see
table 5). Item thresholds theta values ranged from �1.7 to 1.9 for
PROMIS-PF-4, from �1.7 to 2.1 for PROMIS-PF-6, from �1.7 to
Table 4 Results of confirmatory factor analysis on the PROMIS

Physical Function short forms and the 24-item Roland Morris

Disability Questionnaire in patients with chronic low back pain

(NZ768)

Instruments CFI TLI RMSEA

PROMIS-PF short forms

4-item 0.996 0.989 0.064

6-item 0.994 0.990 0.056

8-item 0.991 0.987 0.058

10-item 0.975 0.967 0.085

20-item 0.975 0.972 0.078

RMDQ-24 0.971 0.968 0.054

NOTE. CFI�0.95, TLI�0.95, and RMSEA�0.06 represent sufficient

fit.43.

Abbreviations: CFI, comparative fit index; TLI, Tucker-Lewis index;

RMSEA, root means square error of approximation.
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Table 5 Local independence, monotonicity, item response theory parameters, and fit statistics of the items included in the PROMIS Physical

Function short forms and in the 24-item Roland Morris Disability Questionnaire in patients with chronic low back pain (NZ768)

Item Code and Abbreviated Text* LID MON Hi a b1 b2 b3 b4 P Value S-c2

PROMIS-PF-4

PFA11 Do vacuuming or yard work U U 0.63 2.5 �0.9 0.3 1.1 1.9 .613

PFA21 Go up and down the stairs U U 0.62 2.8 �1.3 �0.2 0.5 1.5 .008

PFA23 Walk 15 minutes U U 0.64 2.4 �1.5 �0.7 �0.2 0.6 .969

PFA53 Run errands and shop U U 0.64 2.6 �1.7 �0.4 0.3 1.1 .101

PROMIS-PF-6

PFA11 Do vacuuming or yard work U U 0.65 3.0 �0.8 0.2 1.0 1.9 .091

PFA21 Go up and down the stairs U U 0.59 1.9 �1.4 �0.2 0.5 1.6 .050

PFA23 Walk 15 minutes U U 0.62 2.1 �1.6 �0.7 �0.2 0.6 .873

PFA53 Run errands and shop U U 0.64 2.7 �1.7 �0.4 0.3 1.1 .701

PFC12 Do 2 hours of physical labor U U 0.61 2.2 �0.7 0.5 1.5 2.1 .705

PFB1 Do moderate work around the house U U 0.62 2.6 �0.9 0.4 1.4 2.1 .110

PROMIS-PF-8

PFA11 Do vacuuming or yard work U U 0.64 2.7 �0.8 0.3 1.1 1.9 .495

PFA21 Go up and down the stairs U U 0.58 1.8 �1.4 �0.2 0.5 1.6 .253

PFA23 Walk 15 minutes U U 0.63 2.2 �1.5 �0.7 �0.2 0.6 .516

PFA53 Run errands and shop U U 0.63 2.4 �1.7 �0.5 0.3 1.2 .712

PFC12 Do 2 hours of physical labor U U 0.62 2.4 �0.6 0.5 1.4 2.0 .354

PFA5 Lifting or carrying groceries U U 0.64 2.5 �0.1 0.8 1.4 2.0 .897

PFA4 Do heavy work around the house U U 0.64 2.7 0.2 1.3 2.0 2.6 .364

PFB1 Do moderate work around the house U U 0.64 2.7 �0.9 0.4 1.4 2.1 .185

PROMIS-PF-10

PFA11 Do vacuuming or yard work U U 0.58 2.0 �0.9 0.3 1.2 2.1 .063

PFA55 Go up and down the stairs U U 0.60 2.6 �2.6 �1.4 �0.7 0.2 .065

PFB26 Shampoo hair U U 0.57 2.2 �2.4 �1.4 �0.7 0.0 .654

PFC45 Get on and off the toilet U U 0.61 2.7 �2.6 �1.2 �0.5 0.2 .803

PFA16 Dress yourself U U 0.63 3.1 �2.1 �1.1 �0.5 0.3 .045

PFA3 Bending, kneeling, or stooping U U 0.60 2.3 �1.7 0.3 1.3 2.1 .044

PFA5 Lifting or carrying groceries U U 0.61 3.0 �1.4 0.3 1.4 2.1 .079

PFC36 Walk more than 1.5 km U U 0.56 1.7 �0.6 0.3 1.1 1.8 .335

PFC37 Climbing 1 flight of stairs U U 0.58 2.0 �2.0 �0.7 0.2 1.0 .971

PFA1 Do vigorous activities U U 0.50 1.3 0.9 2.8 3.0 3.8 .761

PROMIS-PF-20

PFA11 Do vacuuming or yard work U U 0.57 2.0 �0.9 0.3 1.2 2.1 .776

PFA12 Do 2 hours of physical labor U U 0.58 2.0 �1.2 0.1 0.9 1.8 .004

PFA34 Wash the back U U 0.55 1.9 �1.2 �0.4 0.2 1.2 .176

PFA38 Dry the back with a towel U U 0.58 2.5 �1.8 �1.2 �0.6 0.2 <.001

PFA51 Sit on bed’s edge U U 0.60 2.6 �2.6 �1.8 �1.2 �0.6 .592

PFA55 Wash and dry the body U U 0.62 3.1 �2.4 �1.3 �0.7 0.2 <.001

PFA56 Get in and out of care U U 0.59 2.3 �2.5 �1.1 �0.2 0.9 .658

PFB19 Squeeze a toothpaste’s tube 7 U 0.56 2.2 �2.8 �1.8 �1.2 -0.5 .040

PFB22 Hold a plate full of food 7 U 0.54 2.0 �2.5 �1.5 �0.7 0.0 .407

PFB24 Run short distances U U 0.53 1.6 �0.6 0.2 0.8 1.9 .971

PFB26 Shampoo hair U U 0.58 2.4 �2.3 �1.3 �0.7 0.0 .898

PFC45 Get on and off the toilet U U 0.61 2.8 �2.6 �1.2 �0.5 0.2 .345

PFC46 Transfer from bed to chair and back U U 0.59 2.6 �2.5 �1.2 �0.6 0.2 .008

PFA16 Dress yourself U U 0.63 3.3 �2.0 �1.1 �0.5 0.3 .015

PFA3 Bending, kneeling, or stooping U U 0.59 2.1 �1.7 0.2 1.3 2.2 .769

PFA5 Lifting or carrying groceries U U 0.60 2.2 �1.4 0.3 1.4 2.1 .139

PFC12 Push open a heavy door 7 U 0.55 1.7 �0.8 0.5 1.6 2.4 .125

PFC36 Walk more than 1.5 km 7 U 0.54 1.6 �0.6 0.3 1.1 1.9 .020

PFC37 Climbing 1 flight of stairs U U 0.56 2.0 �2.1 �0.7 0.2 1.0 .539

PFA1 Do vigorous activities 7 7 0.49 1.2 0.9 2.2 3.1 3.9 .790

RMDQ-24

1 Stay at home U U 0.55 2.3 �0.3 .639

2 Change position frequently U 7 0.33 0.8 3.8 .856

(continued on next page)
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Table 5 (continued )

Item Code and Abbreviated Text* LID MON Hi a b1 b2 b3 b4 P Value S-c2

3 Walk more slowly U 7 0.48 2.3 0.8 .025

4 Not doing jobs around the house U U 0.45 2.1 0.6 .553

5 Use a handrail to get up stairs U 7 0.44 1.8 1.0 .003

6 Lie down to rest more often U U 0.35 1.3 0.5 .045

7 Hold on to something to get out of a chair U U 0.43 1.8 0.3 .086

8 Try to get other people to do things U U 0.43 1.5 �0.2 .879

9 Get dressed more slowly U U 0.46 2.4 0.4 .373

10 Stand only for short periods U U 0.53 2.0 �0.5 .654

11 Do not bend or kneel down U U 0.40 1.7 0.6 .658

12 Find difficult to get out of a chair U U 0.45 2.1 0.3 .551

13 Back painful almost all the time U U 0.37 1.4 0.8 .057

14 Difficult to turn over in bed U 7 0.39 1.7 0.6 .042

15 Do not have very good appetite U U 0.59 1.7 �1.3 .882

16 Have troubles putting on socks U U 0.42 1.9 0.5 .745

17 Walk only short distances U U 0.47 2.6 0.5 .382

18 Sleep less well U 7 0.37 1.5 0.6 .226

19 Get dressed with help from others U 7 0.65 1.9 �1.7 .390

20 Sit down most of the day U U 0.48 1.5 �0.6 .671

21 Avoid heavy jobs U U 0.47 1.8 1.2 .851

22 Be more irritable and bad tempered U 7 0.31 0.9 �0.0 .249

23 Go upstairs more slowly U U 0.53 3.1 0.7 .673

24 Stay in bed most of the time U 7 0.65 2.0 �1.6 .191

NOTE. Hi, Mokken item scalability coefficient (range, 0 to 1); a, item slope (range, 0 to þN); b, item threshold (range, �N to þN); S-c2, item fit

statistic (range, 0 to þN).

Abbreviations: LID, local independence; MON, monotonicity.

* Table 1 and 2 provided the full-item content.
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2.6 for PROMIS-PF-8, from �2.6 to 3.8 for PROMIS-PF-10, and
from �2.8 to 3.9 for PROMIS-PF-20. The RMDQ-24 had 2 items
(2 and 22) with an item slope<1 (see table 5).

PROMIS-PF-10, PROMIS-PF-20, and RMDQ-24 displayed
reliability�0.90 between theta values �4 and 4, but the other 3
PROMIS-PF short forms did not meet the reliability criterion at
lower physical functioning levels (fig 1). In an absolute sense,
PROMIS-PF-20 was the instrument with the best reliability.

Construct validity: hypotheses testing

Correlations of physical functioning instruments with the
PROMIS-GH-10 physical health scores were �0.60, as expected
(table 6). Correlations with PROMIS-GH-10 mental health scores
and NRS were also as expected as well as mean scores in patients
with or without chronic widespread pain (see table 6). Each in-
strument met all the hypotheses (100%) and was considered as
having sufficient construct validity.
Discussion

In this study, only PROMIS-PF-8, PROMIS-PF-10, and RMDQ-
24 met the criteria for unidimensionality in patients with chronic
LBP. PROMIS-PF-4, PROMIS-PF-6, PROMIS-PF-8, and
PROMIS-PF-10 displayed better item-level characteristics
(ie, local independence, monotonicity, item fit statistics) than
PROMIS-PF-20 and RMDQ-24. PROMIS-PF-20, followed by
PROMIS-PF-10 and RMDQ-24, was the instrument with the best
scale-level reliability (see fig 1). According to these results, it is
unclear which instrument is best for researchers and clinicians to
measure physical functioning in patients with chronic LBP. Future
clinimetric studies should assess other measurement properties of
these instruments, such as content validity, test-retest reliability,
measurement error, and responsiveness.

This study supports the notion that generic instruments
developed with a combination of qualitative and advanced quan-
titative psychometric methods like the PROMIS-PF short forms
may perform better or at least as good as disease-specific in-
struments like the RMDQ-24.19,21,22 The PROMIS-PF item bank
was developed mainly to be administered as a CAT, 23,25,26 and
preliminary evidence shows PROMIS-PF CAT simulations to be
more reliable than PROMIS-PF short forms.23,26,27 Thus,
PROMIS-PF CAT administrations are expected to perform even
better than PROMIS-PF short forms also in LBP and should be
included in future studies comparing physical functioning in-
struments. PROMIS-PF-20 item-level characteristics were less
good than those of the other instruments, possibly because of the
irrelevance of some of its items for patients with LBP, for
example, the locally dependent item pair PFB19-PFB22 (see
table 1) that refers to upper extremity activities. More specifically,
PROMIS-PF-20 may need refinement, for example, by replacing
the 4 locally dependent items with other items included in the item
bank. In support of this suggestion, recent analyses have suggested
a slight revision of the PROMIS-PF-20 content for other muscu-
loskeletal disorders.65,66 Another solution could be to sum locally
dependent items together into testlets to absorb the local depen-
dence,67,68 but this would affect the calculation of the instrument’s
total score and would require clear instructions. At the same time,
PROMIS-PF-20 was the most precise instrument (see fig 1),
suggesting that the shortest PROMIS-PF forms may have diffi-
culties capturing the low and high ends of physical functioning.
www.archives-pmr.org
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Fig 1 Reliability of the PROMIS Physical Function short forms and the 24-item Roland Morris Disability Questionnaire in measuring different

levels (theta) of physical functioning in patients with chronic low back pain (NZ768).
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Future studies on psychometric properties should not be
limited to comparing structural validity, IRT item-level char-
acteristics and scale reliability, and construct validity. In fact,
several psychometric experts feel that content validity is the
most important property when selecting a PROM.39 In a recent
systematic review on physical functioning PROMs in LBP, this
property was found to be insufficiently investigated and
compared across instruments.17 Other important measurement
properties assessed for use in clinical trials or practice are test-
retest reliability, measurement error, and responsiveness.69 It
remains unknown if any of the instrument included in this study
outperform the others on these properties. Because PROMIS-
PF-20 was the instrument with the best measurement preci-
sion (see fig 1), larger effect sizes and, thus, responsiveness are
to be expected. However, in face of the lack of information on
the other important measurement properties, such results should
Table 6 Pearson correlation coefficients among comparator instrument

back pain (NZ768)

Instruments

Correlation Coefficients

PROMIS-GH-10

Physical Health* Mental Healthy

PROMIS PF-4 0.73 0.25

PF-6 0.74 0.25

PF-8 0.76 0.24

PF-10 0.76 0.26

PF-20 0.76 0.27

RMDQ-24 e0.61 e0.36

* These correlations were expected to be �0.60.
y These correlations were expected to be between 0.20 and 0.50.
z These correlations were expected to be between 0.40 and 0.60.
x The mean difference of each instrument was expected to be lower (worse

www.archives-pmr.org
not yet lead to too strict conclusions on which instrument is
the best.

This is the first study assessing the PROMIS-PF short forms in a
sample including only patients with LBP; therefore, its results
cannot be compared with previous studies. Nonetheless, the results
of this study highlight that generic short PROMs hold potential to
replace longer disease-specific PROMs by displaying similar mea-
surement properties and providing less burden to patients and cli-
nicians. Interestingly, this is the first study finding the RMDQ-24 to
be a unidimensional instrument, whereas all previous studies found
some departure from unidimensionality.17 This result may be
explained by the CFA estimator used in this study (ie, diagonally
weighted least squares), which was not used in previous studies. In
previous head-to-head comparison studies, the RMDQ-24 has
demonstrated to perform fairly similarly to other broadly used in-
struments like the Oswestry Disability Index or the Quebec Back
s and mean scores in relevant subgroups in patients with chronic low

Chronic Widespread Painx

Pain NRSz Yes (nZ429) No (nZ338)

‒0.52 36�6 38�7

‒0.55 35�5 37�7

‒0.57 34�5 36�6

‒0.57 34�6 36�7

‒0.58 34�6 36�7

0.55 58�24 54�26

physical functioning) in patients with chronic widespread pain.
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Pain Disability Scale.15,70 These previous findings reinforce the
need to better understand the relative worth of our study results by
simultaneously administering more physical functioning PROMs in
a preferably large international population with LBP.

Study limitations

The strengths of this study include the novelty of directly
comparing PROMIS-PF short forms with the RMDQ-24, a suffi-
ciently large sample for IRT analysis, and the use of advanced
psychometric methods as recommended by the PROMIS and
COSMIN initiatives.22,62 A limitation of this study is the fact that
construct validity was assessed only with 2 comparator in-
struments, and neither measured the same (ie, physical func-
tioning) or a totally unrelated construct. Another potential
limitation is that the short forms were extracted from the item
bank and not administered as stand-alone instruments. However, it
remains unclear if this led to respondent bias because there are no
studies showing if the same item administered within different
contexts or questionnaires leads to different responses. Another
limitation is that, given the heterogeneity of the included sample
(see table 3), it cannot be ruled out that the psychometric aspects
differed across subgroups of the eligible population; future studies
will have to assess for the presence of differential item func-
tioning. Considering the cross-sectional nature of this study, other
measurement properties such as test-retest reliability, measure-
ment error, and responsiveness could not be assessed, limiting the
applicability of our results.
Conclusions

Item-level characteristics of 4 PROMIS-PF short forms (ie,
PROMIS-PF-4, PROMIS-PF-6, PROMIS-PF-8, PROMIS-PF-10)
outperformed those of the PROMIS-PF-20 and the RMDQ-24 in
patients with chronic LBP. Meanwhile, PROMIS-PF-20 exhibited
the best scale-level reliability, followed by PROMIS-PF-10 and
RMDQ-24. RMDQ-24 met unidimensionality criteria, whereas
PROMIS-PF-4, PROMIS-PF-10, and PROMIS-PF-20 did not.
These results suggest that some PROMIS-PF short forms may be
preferred over the RDMQ-24 for clinical research and practice in
LBP, especially considering that they are shorter instruments,
providing less burden to respondents. Additionally, generic in-
struments like PROMIS-PF short forms may have other advan-
tages over disease-specific PROMs like RMDQ-24 because they
can be used to compare patients with different diseases, and they
do not require the use of a different PROM for every patient
group. However, strong recommendations will require more head-
to-head measurement comparison, including other instruments and
CAT administrations, and assessing other crucial measurement
properties, that is, content validity, test-retest reliability, mea-
surement error, and responsiveness.39,71
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