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Results. The GRM showed suboptimal evidence of unidimen-

Study Design. A cross-sectional study.
Objective. The aim of this study was to validate the Dutch-

Flemish PROMIS Pain Interference item bank in patients with

musculoskeletal complaints.
Summary of Background Data. PROMIS item banks have

been developed and validated in the US. They need to be further

validated in various patient populations and in different languages.
Methods. One thousand six hundred seventy-seven patients

answered the full item bank. A Graded Response Model (GRM)

was used to study dimensionality with confirmatory factor

analyses and by assessing local independency. Monotonicity

was evaluated with Mokken scaling. An Item Response Theory

(IRT) model was used to study item fit and to estimate slope and

threshold parameters. Differential item functioning (DIF) for

language, age, and gender was assessed using ordinal logistic

regression analyses. DIF for language was evaluated by compar-

ing our data with a similar US sample. Hypotheses concerning

construct validity were tested by correlating item bank-scores

with scores on several legacy instruments.
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sionality in confirmatory factor analysis [Comparative Fit Index

(CFI): 0.903, Tucker-Lewis Index (TLI): 0.897, Root Mean Square

Error of Approximation (RMSEA): 0.144], and 99 item pairs with

local dependence. A bifactor model showed good fit (CFI:

0.964, TLI: 0.961, RMSEA: 0.089), with a high Omega-H (0.97),

a high explained common variance (ECV: 0.81), and no local

dependence. Sufficient monotonicity was shown for all items

(Mokken H(i): 0.367–0.686). The unidimensional IRT model

showed good fit (only two items with S-X2 < 0.001), with slope

parameters ranging from 1.00 to 4.27, and threshold parameters

ranging from �1.77 to 3.66. None of the items showed DIF for

age or gender. One item showed DIF for language. Correlations

with legacy instruments were high (Pearson R: 0.53–0.75),

supporting construct validity.
Conclusion. The high omega-H and the high ECV indicate that

the item bank could be considered essentially unidimensional.

The item bank showed good item fit, good coverage of the pain

interference trait, and good construct validity.
Key words: headache, item response theory, low back pain,
lower extremity pain, musculoskeletal medicine, neck pain, pain
interference, PROMIS, upper extremity pain, validity.
Level of Evidence: N/A
Spine 2019;44:411–419

n 2004, a US National Institutes of Health (NIH)
I initiative set out to develop new PROMs for clinical
research and health care delivery settings, based upon

Item Response Theory (IRT): the Patient Reported Outcome
Measurement Information System (PROMIS).1–3 Under
IRT, item banks are constructed consisting of a large col-
lection of questions (i.e., items) covering a wide range of a
trait. These item banks are calibrated by modeling the
relationship between a person’s level of the construct and
the likelihood of choosing a response on each item. After
calibration, item banks can give comparable scores on a
standardized scale, even when subsets of items are used,
while retaining reliability.4–7 Item banks can be used in
Computer Adaptive Testing (CAT). In CAT, a computer
www.spinejournal.com 411
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algorithm decides on the basis of previous answers which
next item would be most informative. The questions are thus
tailored to the individual patient and only a small number of
questions (on average 5–7) are needed to obtain a reliable
score that can be compared with a score obtained from
administering all items on the same scale.3,8–11 IRT out-
come measures are expected to play a major role in clinical
measurement.12 The recently suggested research standards
from the NIH taskforce for measurement of chronic low
back pain, for example, already contain several items from
the PROMIS Pain Interference item bank.13

The Pain Interference item bank was developed as a
unidimensional instrument, measuring the self-reported
consequences of pain on relevant aspects of one’s life. This
includes the extent to which pain hinders engagement with
social, cognitive, emotional, physical, and recreational
activities. A large number of PROMIS item banks have
been translated into Dutch-Flemish by the Dutch-Flemish
PROMIS group,14 among others the v1.1 Pain Interference
item bank. A previous study showed good cross-cultural and
construct validity, good reliability, and good coverage of the
pain interference continuum for the Dutch-Flemish transla-
tion of the v1.1 Pain Interference item bank (DF-PROMIS-
PI) in a population of rehabilitation patients.15 For patients
with musculoskeletal complaints in the Netherlands, there is
a possibility to consult physicians who are trained in mus-
culoskeletal (MSK) medicine.16 Most MSK practices are
primary care facilities primarily focused on patients with
MSK pain. Patients generally consult MSK physicians with
complaints of low back pain, with or without sciatica, neck
pain, headache, and pain in the upper or lower extremi-
ties.16 Before using item banks in patients with various
conditions, it is necessary to validate them in different
patient populations. For international use, it is necessary
to validate item banks in different languages. The aim of
our present study was to validate the v1.1 DF-PROMIS-PI
item bank in a large sample of patients presented in
MSK practice.

MATERIALS AND METHODS

Study Design and Procedure
We conducted a cross-sectional study using an existing web-
based registry of patients presenting for the first time in
MSK practice. The data documented in this registry were
collected by a group of 31 MSK physicians in the
Netherlands who agreed to participate in the establishment
of the patient registry. At the first visit, the treating physician
entered the following patient characteristics via computer:
age, gender, type and duration of the main complaint, and
the existence of concomitant complaints. Complaints were
recorded by the treating physician according to the Interna-
tional Classification of Primary Care (ICPC).17 Treating
physicians asked patients whether they were interested in
participating in the study. Following an informed consent
procedure, the treating physician entered email addresses of
the recruited patients in the registry. Thereafter, a specially
412 www.spinejournal.com
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designed computer program (Readmail) automatically dis-
tributed invitations to patients by email to fill in web-
based questionnaires. Data used for this present study
were collected in the registry from October 2013 until
February 2014. Our study procedures were approved by
the Medical Ethical Committee of the VU Medical Center
(2013/20).

Participants
MSK physicians were instructed to invite all consecutive
patients who presented for the first time in MSK practice to
participate. To evaluate cross-cultural validity, we used a part
of the sample that was used in the original US calibration study.
This sample consisted of 967 patients who were recruited
through the website of the American Chronic Pain Association
(ACPA), and who had at least one chronic pain condition for at
least 3 months before participating in the survey.18

Measures
The PROMIS-PI item bank was developed as part of the
NIH PROMIS project, and contains 40 items. The temporal
context for all items is 7 days. Response categories are
divided into three sets fitting the specific items: (1) not at
all, a little bit, somewhat, quite a bit, very much, (2) never,
rarely, sometimes, often, always, and (3) never, once a week
or less, once every few days, once a day, every hour. The
item bank was calibrated in a large US study on a popula-
tion, including a community sample, and clinical samples of
cancer patients, and of patients with chronic pain recruited
through the American Chronic Pain Association (US-ACPA
sample). Translation of the item bank into Dutch-Flemish
was carried out by FACITtrans according to standard
PROMIS methodology and approved by the PROMIS
Statistical Center.14 Our study population completed the
full 40 item v1.1 Dutch-Flemish PROMIS Pain Interference
item bank.

In addition to completing the PROMIS Pain Interference
item bank, our study participants were asked to complete
one of five condition-specific (legacy) instruments, accord-
ing to their respective main complaint: the Roland Disability
Questionnaire (RDQ),19 the Neck Disability Index (NDI),20

the Lower Extremity Function Scale (LEFS),21 the Disabil-
ities of the Arm, Shoulder and Hand (DASH),22 and the
Headache Impact Test (HIT-6),23 for patients with low back
pain, neck pain, lower extremity pain, upper extremity
pain, or headache, respectively. The number of items and
the range of scores are indicated in Table 4. All legacy
instruments are frequently used in research and have been
validated in Dutch populations.24–30

Statistical Analyses
Statistical analyses were carried out according to the PROMIS
plan for psychometric evaluation and calibration of health-
related quality of life item banks.31 Descriptive analyses were
carried out using SPSS 22, IBM, Armonk, NY, USA.

We evaluated dimensionality by confirmatory factor
analyses (CFAs) and by assessing local independency in a
March 2019
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TABLE 1. Demographics of Patient Sample:
Age, Gender, Duration of Main
Complaints, Primary Complaints,
T-scores, and Scores on Legacy
Instruments; Comparison With the
US-ACPA Sample

MSK Sample
(N¼1677)

US-ACPA Sample
(N¼967)

General background
Age, mean (SD) 47 (14) 48 (11)

Gender (%
female)

59 81

Duration of complaints number (%)
< 3 mo 259 (15.9)

3 mo–1 yr 330 (20.2) 53 (6)

> 1 yr 1041 (63.9) 876 (94)

Type of complaints number (%)�

Low back pain 849 (50.6) 533 (55)

Neck or shoulder
pain

349 (20.8) 447 (46)

Other back pain 134 (8.0)

Lower extremity 163 (9.7)

Headache 56 (3.3) 290 (22)

Upper extremity 37 (2.2)

Other 85 (5.4)

Pain interference scores
T-score mean (SD) 58.1 (6.7) 68.6 (4.9)

T-score range 37.4 – 76.1 53.0 – 90.0

Legacy scores y mean (range)
RDQ (N¼827) 8.9 (0–23)

NDI (N¼269) 13.1 (0–33)

LEFS (N¼159) 55.0 (11–80)

DASH (N¼102) 31.6 (2.5–69.2)

HIT-6 (N¼54) 60.2 (36–73)
�In our study, only the main complaint could be scored, while in the US-
ACPA study, multiple complaints could be indicated.
yRoland Disability Questionnaire (RDQ); 24 items, range 0–24; Neck
Disability Index (NDI); 10 items, range 0–50; Lower Extremity Function
Scale (LEFS); 20 items, range 0–80; Disabilities of the Arm, Shoulder, and
Hand (DASH); 30 items, range 0–100; Headache Impact Test-6 (HIT-6);
six items, range 36–78.
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Graded Response Model. Model fit was evaluated by the
following indices: the Comparative Fit Index (CFI, >0.95
for good fit), Tucker-Lewis Index (TLI, >0.95 for good fit),
and the Root Mean Square Error of Approximation
(RMSEA, <0.06 for good fit).32 To evaluate the influence
of multidimensionality, a bifactor model was fitted, and
omega-H and explained common variance (ECV) were
calculated. A high coefficient omega (> 0.80)33 and a high
ECV (> 0.60)34 indicate that the risk of biased parameters
when fitting multidimensional data into a unidimensional
model is low. CFA was carried out with the R-package
Lavaan (version 0.5–23.1097).

We assessed monotonicity as a measure of scalability
with the R-package Mokken.35 Mokken H was interpreted
according to the following rules of thumb: unscalable if H(i)

< 0.3, weak if 0.3 �H(i)<0.4, moderate if 0.4 �H(i)<0.5,
and strong if H(i) � 0.5.35,36

An IRT model was used to study item fit and to calculate
slope and threshold parameters. Items were considered to
misfit if the P value is < 0.001. T-scores were calculated on
the basis of US calibration parameters with the expected a
priori method, using the R-package Mirt (version 1.24).37 A
T-score of 50 represents the mean score of the general
population, with a SD of 10.

DIFwasassessed for several age groups, for gender, and for
language. We evaluated DIF for language (English vs. Dutch)
by comparing our data with the data available from the US-
ACPA sample used by Amtmann et al (N¼967).38 DIF was
analyzed using ordinal logistic regression models with the R-
package Lordif (version 0.3–3),39,40 with theta as an estima-
tion of the trait level. The change in McFadden R2 was used as
an indicator of DIF, with a value of >0.02 serving as the
critical value for rejecting the null hypothesis of no DIF.39

Construct validity was studied by testing hypotheses
about the correlation of T-scores with the scores on several
legacy instruments using SPSS statistics, version 22. Our
hypothesis was that for the condition-specific subgroups of
patients, the T-scores would correlate with the correspond-
ing functional legacy instruments (R>0.50).

RESULTS

Demographic Characteristics
Two thousand six hundred ten patients were asked to
participate in our study; 2171 consented. Of these 2171
patients, 1745 (67%) answered the questionnaires. Because
only the year of birth was reported, we excluded patients
who could have been under the age of 18 at inclusion. A
small number of patients failed to answer any item at all.
After removal of patients under 18, and patients who had
failed to complete the whole item bank, a sample of 1677
patients (64%) remained. Another 27 patients had a number
of missing items. Model analyses were conducted on the
sample of 1677 patients. T scores were calculated for the
1650 patients who had answered all items. Demographic
data of our sample are presented in Table 1, together with
the demographic data of the US-ACPA sample used in the
Spine
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DIF analyses. Half of the patients presented with a primary
complaint of low back pain (50.6%), with or without
sciatica, followed by neck or shoulder pain (20.8%).
Dimensionality
The fit of a one-factor model in the CFA resulted in a CFI of
0.903 (unscaled 0.978), a TLI of 0.897 (unscaled 0.978),
and a RMSEA of 0.145 (unscaled 0.185). CFA fit indices
indicated suboptimal fit of a one-factor model. Evaluation
of the residual correlation matrix showed local dependence
for 99 of the possible 780 (1/2�40�39) item pairs (12%),
with residual correlations greater than 0.2.

The bifactor model contained one general factor and five
group factors. The group factor items are presented in
www.spinejournal.com 413
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TABLE 2. Group Factors From the Bifactor
Analyses

Factor Item Code� Item

1 PAININ40 How often did pain prevent you from
walking more than 1 mile?

PAININ42 How often did pain prevent you from
standing for more than 1 h?

PAININ47 How often did pain prevent you from
standing for more than 30 min?

2 PAININ50 How often did pain prevent you from
sitting for more than 30 min?

PAININ51 How often did pain prevent you from
sitting for more than 10 min?

PAININ54 How often did pain keep you from
getting into a standing position?

PAININ55 How often did pain prevent you from
sitting for more than 1 h?

3 PAININ11 How often did you feel emotionally
tense because of your pain?

PAININ16 How often did pain make you feel
depressed?

PAININ24 How often was pain distressing to
you?

PAININ29 How often was your pain so severe
you could think of nothing else?

PAININ32 How often did pain make you feel
discouraged?

PAININ37 How often did pain make you feel
anxious?

4 PAININ1 How difficult was it for you to take in
new information because of pain?

PAININ8 How much did pain interfere with
your ability to concentrate?

PAININ49 How much did pain interfere with
your ability to remember things?

PAININ56 How irritable did you feel because of
pain?

5 PAININ9 How much did pain interfere with
your day to day activities?

PAININ18 How much did pain interfere with
your ability to work (include work
at home)?

PAININ22 How much did pain interfere with
work around the home?

PAININ34 How much did pain interfere with
your household chores?

PAININ48 How much did pain interfere with
your ability to do household chores?

�PAININ indicates Pain Interference.

EPIDEMIOLOGY PROMIS Pain Interference � Schuller et al
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Table 2. For the bifactor model, the fit indices were higher
than for the one-factor model. CFI was 0.964 (unscaled
0.996), the TLI was 0.961 (unscaled 0.996), and the
RMSEA was 0.089 (unscaled 0.083). Omega-H was 0.97,
and ECV was 0.81. In the bifactor model, no item pairs
showed residual correlations greater than 0.2.

Monotonicity
Scalability coefficients are summarized in Table 3. All items
had a scalability coefficient higher than the required 0.3,
ranging from 0.367 (PAININ54; ‘‘How often did pain keep
414 www.spinejournal.com
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you from getting into a standing position?’’) to 0.686
(PAININ46; ‘‘How often did pain make it difficult for
you to plan social activities?’’). The scalability of the whole
scale was H¼0.596, which is strong according to Mokken
rules of thumb.

Item Fit, Item Parameters, and T-scores
After fitting an IRT model to our data, we studied item fit
and the range of thetas covered. Table 3 summarizes the fit
statistics of all items, and the slope and threshold param-
eters. There were two items with a S-X2 below the threshold
of 0.001 (PAININ31; ‘‘How much did pain interfere with
your ability to participate in social activities?’’ and PAI-
NIN48; ‘‘How much did pain interfere with your ability to
do household chores?’’). Slope parameters ranged from 1.00
to 4.27, and threshold parameters ranged from �1.77 to
3.66. The average T-score of our study population was 58.1
(range 37.4–76.1, SD 6.7).

Differential Item Functioning
None of the items showed DIF for any of the age groups or
for gender. Uniform DIF for language was demonstrated for
one item: PAININ24 (‘‘How often was pain distressing to
you?’’) showed lower threshold parameters for the Dutch
population. The influence of this item is depicted in Figure 1.
It shows that, in theory, for patients with a similar trait level,
there would be a difference of less than 0.6 points in
expected score when using this DIF item only. However,
this difference was negligible when using the item bank as
a whole.

Construct Validity
Table 4 summarizes that the T-scores correlated highly (all
R>0.50) with the scores of the legacy instruments.

DISCUSSION
We studied the validity of the Dutch-Flemish version of the
PROMIS Pain Interference item bank in a large population
of patients presenting with predominant complaints of MSK
pain. The DF-PROMIS-PI item bank showed suboptimal fit
to a one-factor model in CFA and some local dependence.
None of the items violated the monotonicity assumption. A
bifactor model showed good fit, a high coefficient omega-H
and ECV, and no local dependence. The item bank showed
good IRT item fit, good coverage of the pain interference
construct, and good construct validity.

CFA fit indices and the presence of local dependence
suggested suboptimal unidimensionality. In a previous study
validating the Dutch-Flemish PROMIS Pain Interference
item bank in an outpatient rehabilitation population with
chronic pain, Crins et al15 reported a better fit (CFI 0.986,
TLI 0.986, RMSEA 0.159). In the study of Crins et al,15

however, unscaled indices were reported, where it is now
thought that, due to non-normality of the data, scaled
indices should be used. The unscaled indices in our study
would suggest better evidence of unidimensionality as well
(CFI 0.978, TLI 0.978, RMSEA 0.185). The US calibration
March 2019
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TABLE 3. Scalability, GRM Item Parameters, and Fit Statistics

Item

Mokken Slope Category Threshold Item Statistics�

Hi a B1 B2 B3 B4 S-X2 Prob X2

PAININ1 How difficult was it for you to take in
new information because of pain?

0.574 2.21 �0.07 0.71 1.61 3.00 261.46 0.3276

PAININ3 How much did pain interfere with you
enjoyment of life?

0.655 2.98 �0.88 �0.01 0.76 1.95 299.87 0.0052

PAININ5 How much did pain interfere with your
ability to participate in leisure
activities?

0.623 2.59 �1.07 �0.17 0.47 1.67 343.81 0.0016

PAININ6 How much did pain interfere with your
close personal relationships?

0.650 3.38 �0.13 0.53 1.29 2.51 233.87 0.0887

PAININ8 How much did pain interfere with your
ability to concentrate?

0.585 2.15 �0.62 0.19 1.07 2.28 344.66 0.0110

PAININ9 How much did pain interfere with your
day to day activities?

0.641 2.67 �1.43 �0.27 0.59 1.91 263.09 0.1568

PAININ10 How much did pain interfere with your
enjoyment of recreational activities?

0.635 2.78 �1.12 �0.13 0.50 1.64 292.91 0.0612

PAININ11 How often did you feel emotionally tense
because of your pain?

0.588 2.11 �0.72 0.06 1.19 3.07 294.79 0.0934

PAININ12 How much did pain interfere with the
things you usually do for fun?

0.637 2.83 �1.13 �0.12 0.50 1.63 319.29 0.0034

PAININ13 How much did pain interfere with your
family life?

0.632 2.79 �0.55 0.23 1.06 2.23 263.00 0.1924

PAININ14 How much did pain interfere with doing
your tasks away from home (e.g.,
getting groceries, running errands)?

0.642 3.13 �0.16 0.52 1.15 2.06 247.34 0.3088

PAININ16 How often did pain make you feel
depressed?

0.545 1.91 �0.18 0.65 1.87 3.64 273.65 0.3128

PAININ17 How much did pain interfere with your
relationships with other people?

0.637 3.13 �0.16 0.52 1.40 2.50 268.72 0.0066

PAININ18 How much did pain interfere with your
ability to work (include work at
home)?

0.644 2.88 �0.84 �0.02 0.67 1.76 238.53 0.7197

PAININ19 How much did pain make it difficult to
fall asleep?

0.452 1.30 �0.84 0.28 1.23 2.64 369.47 0.3677

PAININ20 How much did pain feel like a burden to
you?

0.637 2.43 �1.77 �0.64 0.12 1.55 241.42 0.7049

PAININ22 How much did pain interfere with work
around the home?

0.649 2.79 �1.32 �0.31 0.45 1.68 280.03 0.1084

PAININ24 How often was pain distressing to you? 0.507 1.50 �1.11 �0.21 1.36 3.26 366.90 0.0086

PAININ26 How often did pain keep you from
socializing with others?

0.672 3.56 �0.46 0.21 1.11 2.34 206.22 0.3477

PAININ29 How often was your pain so severe you
could think of nothing else?

0.598 2.34 �0.22 0.56 1.63 3.28 269.34 0.0937

PAININ31 How much did pain interfere with your
ability to participate in social
activities?

0.685 4.16 �0.44 0.23 0.89 1.87 307.30 0.0001

PAININ32 How often did pain make you feel
discouraged?

0.613 2.34 �0.69 0.07 1.14 2.76 271.46 0.2028

PAININ34 How much did pain interfere with your
household chores?

0.645 2.73 �1.24 �0.28 0.49 1.76 263.77 0.2923

PAININ35 How much did pain interfere with your
ability to make trips from home that
kept you gone for more than 2 h?

0.658 3.52 0.07 0.60 1.17 1.89 274.31 0.0122

PAININ36 How much did pain interfere with your
enjoyment of social activities?

0.662 3.23 �0.74 0.01 0.67 1.75 246.63 0.3039

PAININ37 How often did pain make you feel
anxious?

0.520 1.62 �0.53 0.34 1.74 3.54 333.69 0.0509

EPIDEMIOLOGY PROMIS Pain Interference � Schuller et al
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TABLE 3 (Continued )

Item

Mokken Slope Category Threshold Item Statistics�

Hi a B1 B2 B3 B4 S-X2 Prob X2

PAININ38 How often did you avoid social activities
because it might make you hurt more?

0.639 3.13 �0.10 0.50 1.22 2.32 239.70 0.2535

PAININ40 How often did pain prevent you from
walking more than 1 mile?

0.531 1.83 �0.21 0.34 0.96 1.84 384.26 0.0490

PAININ42 How often did pain prevent you from
standing for more than one hour?

0.511 1.53 �0.79 �0.22 0.62 1.82 396.04 0.0925

PAININ46 How often did pain make it difficult for
you to plan social activities?

0.686 4.27 �0.25 0.39 1.12 2.16 176.08 0.5898

PAININ47 How often did pain prevent you from
standing for more than 30 min?

0.517 1.62 �0.39 0.20 1.08 2.13 364.26 0.3419

PAININ48 How much did pain interfere with your
ability to do household chores?

0.659 3.05 �0.91 0.09 0.73 1.88 308.91 0.0009

PAININ49 How much did pain interfere with your
ability to remember things?

0.562 2.10 0.29 0.96 1.82 2.94 296.11 0.0294

PAININ50 How often did pain prevent you from
sitting for more than 30 min?

0.512 1.63 �0.13 0.58 1.47 2.71 303.43 0.7259

PAININ51 How often did pain prevent you from
sitting for more than 10 min?

0.504 1.66 0.44 1.27 2.27 3.66 264.51 0.2667

PAININ52 How often was it hard to plan social
activities because you did not know if
you would be in pain?

0.644 3.29 0.06 0.62 1.29 2.16 239.88 0.2509

PAININ53 How often did pain restrict your social
life to your home?

0.655 3.39 �0.03 0.58 1.36 2.61 206.16 0.4443

PAININ54 How often did pain keep you from getting
into a standing position?

0.367 1.00 0.99 1.73 2.32 3.18 310.84 0.3505

PAININ55 How often did pain prevent you from
sitting for more than 1 h?

0.487 1.48 �0.17 0.48 1.33 2.50 366.36 0.3970

PAININ56 How irritable did you feel because of
pain?

0.571 2.03 �0.97 0.16 1.11 2.48 294.74 0.3330

�Statistical significance indicates poor item fit.
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study reported good fit (CFI 0.974, TLI 0.997, RMSEA
0.175),38 but did not state whether scaled or unscaled
indices were reported. A secondary analysis on part of
the US calibration sample reported suboptimal fit as well
(CFI 0.90, TLI 0.90, RMSEA 0.135).41 A cross-cultural
validation study in a Spanish speaking population showed
good fit (CFI 0.97, TLI 0.97, RMSEA 0.10) with no local
dependency, without reporting whether scaled or unscaled
indices were used.42 Some authors have mentioned that
unidimensionality could be hard to achieve when developing
item banks for clinical measurement,11,43 and it has been
suggested that fit indices should not be regarded as measures
of usefulness of a model.44,45 In our study, the bifactor
model, however, showed good fit (CFI 0.964, TLI 0.961,
RMSEA 0.089), and the Omega-H coefficient and the ECV
were high (0.97 and 0.81, respectively), indicating a low risk
of biased parameters when treating the item bank as unidi-
mensional.33,34

Item slope parameters ranged from 1.00 to 4.27 and item
threshold parameters ranged from �1.77 to 3.66. Consid-
ering that under a normal distribution, 99.99% of the thetas
will be in the range of �4 to þ4, this range of threshold
parameters represented a good coverage for a population of
416 www.spinejournal.com
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patients with pain. The item with the lowest slope parameter
and both items with the lowest and the highest threshold
parameters were the same as those reported by Crins et al.15

In our study, two items showed poor fit, as opposed to one
different item with poor fit reported by Crins et al,15 and
again one different item reported by Paz et al.42

DIF analyses did not show any DIF for age or gender;
however, one item with DIF for language was found. The
influence of this DIF for language on theta-scores was very
limited. Crins et al15 reported DIF for language for the same
item (PAININ24) and also for item PAININ32, with a
minimal impact on the Test Characteristics Curve as well.
As the influence of DIF for language is very limited, we
suggest that these items can be retained.

The strong correlations with several legacy instruments
support construct validity of the DF-PROMIS-PI item bank.
It is interesting to note that the five legacy instruments were
developed to measure functional limitations for specific
conditions. The correlation of one single item bank with
several condition specific legacy instruments supports the
generic use of the Pain Interference item bank. The good fit
of the bi-factor model, together with the high omega-H and
the high ECV, indicates that the PROMIS Pain Interference
March 2019
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Figure 1. Test characteristics curves showing the influence of the DIF for language on theta estimates. The figure on the left shows the impact
of DIF for language on theta scores when using the item bank as a whole. The figure on the right shows the impact when using the DIF item
only. Reference line represents DF-PROMIS theta-scores.
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item bank could be considered essentially unidimensional.
The limited influence of DIF for language and the strong
correlations with legacy instruments supports the validity of
the Dutch-Flemish translation. Because of these properties,
TABLE 4. Mean Scores and Ranges of Legacy Instru
Interference T-scores and Legacy Instrum

Instrument� M

Items Range N Mea

RDQ 24 0–24 827 8.9

NDI 10 0–50 269 13.1

LEFS 20 0–100 159 55.0

DASH 30 0–80 102 31.6

HIT-6 6 36–78 54 60.2

Correlation with the LEFS is negative because higher disability is depicted in lower
�DASH indicates Disabilities of the Arm Shoulder and Hand; HIT-6, Headache Im
RDQ, Roland Disability Questionnaire.
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the PROMIS Pain Interference item bank can be considered
suitable for use in both clinical research and practice, and
can be used as a basis for short forms and computer
adaptive testing.
ments and Correlations Between PROMIS Pain
ents

easurement Correlation

n Min Max Expected R Observed R

0.0 23.0 >0.50 0.700

0.0 33.0 >0.50 0.687

11.0 80.0 <�0.50 �0.754

2.5 69.2 >0.50 0.731

36.0 73.0 >0.50 0.527

scores.

pact Test; LEFS, Lower Extremity Function Scale; NDI, Neck Disability Index;
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CONCLUSION
The Dutch-Flemish v1.1 PROMIS Pain Interference item
bank showed good IRT item fit, good coverage of the pain
interference trait, and good construct validity. None of the
items showed DIF for age or gender. One item showed
minimal DIF for language. CFA and analyses of local
independence showed evidence of multidimensionality,
but omega-H and ECV were high, indicating a low risk
of biased parameters when assuming unidimensionality. We
conclude that our results support the validity of the DF-
PROMIS-Pain Interference item bank, and that the item
bank can be used as a basis for short forms and computer
adaptive testing in clinical research and in clinical practice.
41

o

Key Points
8

py
New PROMS based upon Item Response Theory
offer advantages compared with classical PROMS.

These new PROMS consist of item banks that
have to be validated in various populations.

We studied the validity of the Dutch-Flemish
PROMIS Pain Interference item bank in a large
population of patients with musculoskeletal
complaints.
ww
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