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Assessing the measurement properties

of PROMIS Computer Adaptive Tests, short
forms and legacy patient reported outcome
measures in patients undergoing total hip
arthroplasty

C.Braaksma'®'®, N. Wolterbeek!, M. R.Veen', R. W. Poolman??3, Y. Pronk*, A. D. Klaassen?, R.W. J. G. Ostelo®® and C.
B. Terwee®’

Abstract

Background The commonly used (legacy’) PROMs evaluating outcomes of total hip arthroplasty (THA), have several
limitations regarding their measurement properties and interpretation of scores. One innovation in PROMs is the

use of Computerized Adaptive Testing (CAT). The Patient-Reported Outcomes Measurement Information System
(PROMIS®) is a validated system of CATs. The aim of this study was to assess the measurement properties of PROMIS
and legacy instruments in patients undergoing THA.

Methodology Patients in this multicenter study filled out a questionnaire twice, including Dutch-Flemish PROMIS
v1.2 Physical Function (PROMIS-PF) and v1.1 Pain Interference (PROMIS-PI) CATs and short forms, PROMIS v1.0 Pain
Intensity, and legacy PROMs (Hip disability and Osteoarthritis Outcome Score (HOOS), HOOS-Physical function
Shortform (HOOS-PS), Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Oxford Hip Score
(OHS), and two numeric rating scales measuring pain). The reliability, measurement precision (Standard Error of
Measurement (SEM)), smallest detectable change (SDC), and burden of PROMIS instruments were presented head-to-
head to legacy PROMs. Furthermore, construct validity was assessed.

Results 208 patients were included. All instruments had a sufficient test-retest reliability (range ICC: 0.83-0.96). The
SEM of PROMIS CATs and short forms ranged from 1.8 to 2.2 T-score points, the SEM of legacy instruments 2.6-11.1.
The SDC of PROMIS instruments ranged from 2.1 to 7.3 T-score points, the SDC of legacy instruments 7.2-30.9. The
construct validity of PROMIS CAT and short forms were found sufficient, except for the PROMIS-PI short form. The
burden of PROMIS CATs was smaller than PROMIS short forms (range 4.8-5.2 versus 8-20 items, respectively). The
burden of legacy instruments measuring physical functioning ranged from 5 to 40 items.
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Conclusions The PROMIS-PF is less burdensome, with high measurement precision, and almost no minimal or
maximal scores, and an equal reliability compared to legacy instruments measuring physical functioning in patients
undergoing THA. The PROMIS Pain Intensity 1a is comparable to the legacy pain instruments in terms of burden,
reliability and SDC. Measuring the construct Pain Interference may not have additional value in this population
because of its high correlation with instruments measuring physical functioning. The SDC values presented in this

study can be used for individual patient monitoring.

Keywords Outcome measures, PROMs, Computer Adaptive Testing, PROMIS, Total hip arthroplasty

Background

Patient reported outcome measures (PROMs) are ques-
tionnaires, aiming to obtain information about perceived
symptoms and functioning of the patient. PROMs are
increasingly used in clinical practice to screen and moni-
tor patient’s symptoms and functioning, to facilitate
informed and shared-decision making, and to improve
quality-of-care [18]. However, much is still unknown
about the optimal application of PROMs in daily clinical
practice.

Total hip arthroplasty (THA) is number four ranked
most frequently performed inpatient surgical proce-
dure in the USA [26]. The use of PROMs in healthcare
requires reliable and valid PROMs, with as little burden
as possible for the patient. Unfortunately, the commonly
used (called ‘legacy’) PROMs evaluating outcomes of
THA, have several limitations regarding their measure-
ment properties and interpretation of scores [5, 8, 19, 28].
For example, the measurement error is often too large
for reliable use of PROMs for individual patients, ques-
tions are often not relevant for all patients or not at all
time points, and there is a lack of responsiveness, thereby
hampering the ability to measure treatment effects [5, 8,
28]. Lastly, many of these PROMs have a limited mea-
surement range causing floor and ceiling effects [5, 8,
28]. In conclusion, the legacy PROMs are not optimal for
individual clinical assessment.

One promising innovation in PROMs is the use of
Computerized Adaptive Testing (CAT). CAT can be used
with PROMs that are developed using Item Response
Theory (IRT) modelling [15]. IRT item banks are large
sets of questions that are ordered in terms of their dif-
ficulty on an underlying metric. Using CAT, the most
informative questions from item banks are selected
depending on previous answers given by patients, until
a predefined reliability is reached [4]. Patients are more
likely to answer only relevant questions because e.g.,
questions about running will not be asked if a patient
answers that he has difficulty walking one mile. Patients
need to complete on average only four to seven questions
to get a reliable score [37]. The use of CAT will decrease
patient burden and, since the item banks cover the full
width of the domain, floor and ceiling effects are less
likely. The Patient-Reported Outcomes Measurement
Information System (PROMIS®) is the most carefully

developed and extensively validated system of CATs for
measuring health outcomes [7], and is increasingly used
in orthopedic clinical practice [2, 6, 21, 25, 32, 34]. In
addition to CAT, all PROMIS measures are also avail-
able as static short forms, containing a fixed subset of
questions from the item bank. The short form scores are
expressed on the same metric (scale) as scores obtained
through CAT, and therefore, directly comparable. These
short forms could be administered when CAT is not (yet)
technically possible within the data collection system of
a clinic.

Using a PROM in individual clinical care is only help-
ful when the clinician and patient can interpret the score,
and more specifically the change score over time. If the
clinician or the patient is interested if a change in score
is a real change (not due to measurement error), it is
important that the Smallest Detectable Change (SDC)
of the measurement instrument is known. The SDC is
defined as the smallest change that can be detected by
the instrument, beyond measurement error. There is little
published data regarding the smallest detectable change
(SDC) of PROMIS Physical Function or Pain Interference
in the orthopedic field [36]. Furthermore, the theoretical
benefit of PROMIS CAT and short forms administering
patient friendly and relevant questionnaires, need to be
confirmed in the clinical setting. Therefore, measure-
ment properties of PROMIS CAT and short forms have
to be determined presented head-to-head with the legacy
PROMs in patients undergoing arthroplasty to investi-
gate if PROMIS CAT and short forms overcome the limi-
tations of the legacy PROMs.

The aim of this study was to assess and present the
reliability, measurement precision, smallest detect-
able change, and burden of the Dutch-Flemish PRO-
MIS Physical Function and Pain Interference CATs
and short forms, and PROMIS Pain intensity head-to-
head to legacy PROMs (the Hip disability and Osteo-
arthritis Outcome Score (HOOS), the HOOS-Physical
function Shortform (HOOS-PS), Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC
v3.1), Oxford Hip Score (OHS), and two numeric rat-
ing scales measuring pain at rest and pain during
activity) in patients undergoing THA. Furthermore,
construct validity of PROMIS CATs and short forms
was assessed.



Braaksma et al. Journal of Patient-Reported Outcomes (2024) 8:121

Methods

The study involved three orthopedic departments with
high volumes of THAs in the Netherlands (St. Antonius
Hospital Utrecht, Kliniek ViaSana Mill, OLVG Amster-
dam). The study was conducted according to the prin-
ciples of the Declaration of Helsinki. The study was
reviewed by a Medical Ethics Review Committee (MEC-
U) (St. Antonius Hospital, Nieuwegein, the Netherlands)
(W21.037), which confirmed that the Medical Research
Involving Human Subjects Act (WMO) does not apply.
With this waiver, approval of the Institutional Review
Board of each participating center was obtained.

Study participants

To ensure variability in PROM scores and to increase
generalizability of the study results, two cohorts of
patients were asked to participate: (1) patients currently
on the waiting list for a THA and (2) patients who already
underwent surgery. The patients in the second cohort
were included at 3, 6 or 12 months post-surgery. As a rule
of thumb, a sample size of 100 is considered as very good
for the assessment of measurement properties [31]. To be
eligible, patients had to be 18 years or older, and on the
waiting list for a primary THA or 3, 6 or 12 months post-
surgery. Exclusion criteria were THA for femoral neck
fracture, patients unable to independently fill out ques-
tionnaires, insufficient knowledge of the Dutch language,
or no internet facilities. Furthermore, patients who had
surgery between test and retest were excluded. If patients
were eligible and willing to participate, they were asked
to sign the informed consent form digitally using an
online informed consent module. Each hospital included
a minimum of 25 patients, distributed over the measure-
ment points.

Procedure

Patients were asked to fill out an online questionnaire
twice within a two-week interval through a web-based
platform (OnlinePROMS, Interactive Studios, ‘s-Herto-
genbosch, the Netherlands). This is a certified (ISO27001;
NEN7510), online PROMs platform, which is linked to
the CAT software of the Dutch-Flemish Assessment Cen-
ter, part of the Dutch-Flemish PROMIS National Center.
A two-week interval was chosen to ensure no (large)
changes in pain and function, which is a design require-
ment for assessing reliability, including smallest detect-
able change. A maximum of two automatic reminders
were sent every two days after the first invitation when
the patient had not responded. After two reminders the
patient was considered lost-to-follow-up.

Measures
The questionnaire included two Dutch-Flemish PRO-
MIS CATs, five Dutch-Flemish PROMIS short forms, one
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single PROMIS pain item, and six legacy PROMs. The
retest questionnaire included the same questionnaires.
The online platform did not allow for any missing val-
ues within questionnaires. Two PROMIS CAT measures
were included: PROMIS v1.2 CAT Physical Function
(PROMIS-PF) and PROMIS v1.1 CAT Pain Interference
(PROMIS-PI; Table 1). The PROMIS CATs use a T-score
metric with a mean of 50 and SD of 10, where 50 repre-
sents the mean score of the general population. A higher
PROMIS T-score represents more of the concept being
measured (i.e. better function or more pain). The items in
the CAT were selected based on their statistical ability to
best further refine the individual’s score, estimated from
the already administered items. The CATs were auto-
matically stopped when a Standard Error (SE) of 2.2 (95%
reliability) was reached or a maximum of 12 items was
administered. The CAT software used a Maximal Like-
lihood estimation (which was experimentally used for a
while in the Netherlands with permission from Health-
Measures), in which in absence of variation in answer
patterns, the calculation of the T-score and SE could
were imputated (in this study the assigned scores were 0
or 100). Whenever a score could not be calculated using
the ML estimation, the output of the score was 0 or 100
and registered as a minimum or maximum score. Table 2
shows the number and percentage of the patients with a
minimum or maximum score.

Moreover, PROMIS short forms were administered:
one measuring Pain Interference (SF8a) and three mea-
suring Physical Function (SE8b, SF10a, and SF20a).
These short forms contain a fixed set of items (Table 1).
Scores are expressed on the same metric (scale) as scores
obtained through CAT and, therefore, directly compara-
ble. Furthermore, the PROMIS v1.0 Pain Intensity item
la (also called Global07) was included. This item is also
included in the PROMIS v1.2 Scale Global Health, vali-
dated as a brief measure of health related quality of life
[20, 30]. Moreover, the questionnaire included disease
specific legacy PROMs: the Hip disability and Osteo-
arthritis Outcome Score (HOOS), the HOOS-Physical
function Shortform (HOOS-PS), Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC
v3.1), Oxford Hip Score (OHS), and two numeric rat-
ing scales measuring pain at rest and pain during activ-
ity (Table 1). The HOOS-PS and WOMAC were derived
from the HOOS. Finally, the questionnaire included
demographic and clinical characteristics (e.g. sex, age,
joint, side, date of surgery).

Outcomes
Reliability
Test-retest reliability The test-retest reliability of the
PROMIS CATs, PROMIS short forms and the legacy
instruments was assessed by calculating the intra-class
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Table 1 Characteristics of included measurement instruments

Questionnaire Construct/definition Items Response Score Recall Refer-
options ence

PROMIS measures

PROMIS CAT Physical Functioning of one’s upper extremities (dexterity), lower Min3  5-point T-score! - (11,12

Function (PROMIS-PF, extremities (walking or mobility), and central regions Max 12 Likert

v1.2) (neck, back), as well as instrumental activities of daily

living

PROMIS CAT Pain Consequences of pain on relevant aspects of one’s life Min3  5-point T-score! Last7  [35]

Interference (PROMIS- Max 12 Likert days

PI,v1.1)

PROMIS Physical Func-  Functioning of one’s upper extremities (dexterity), lower 8 5-point T-score' - [33,38]

tion SF8b (v1.2) extremities (walking or mobility), and central regions Likert

(neck, back), as well as instrumental activities of daily

living
PROMIS Physical Func-  Functioning of one’s upper extremities (dexterity), lower 10 5-point T-score' - [33,38]
tion SF10a (v1.2) extremities (walking or mobility), and central regions Likert

(neck, back), as well as instrumental activities of daily

living
PROMIS Physical Func-  Functioning of one’s upper extremities (dexterity), lower 20 5-point T-score! - [33,38]
tion SF20a (v1.2) extremities (walking or mobility), and central regions Likert

(neck, back), as well as instrumental activities of daily

living

PROMIS Pain Interfer- Consequences of pain on relevant aspects of one’s life 8 5-point T-score Last 7 [1,10]

ence SF8a (v1.1) Likert days

PROMIS Pain Intensity ~ How much a person hurts 1 11-option 0 (no pain) =10 Last7  [20,30]

1a (v1.0) numeric rat-  (worst thinkable days
ing scale pain)

Disease specific legacy PROMs

Hip disability and 5 subscales 40 5-point 0 (indicating extreme Last 23]

Osteoarthritis Outcome - Pain <10 Likert symptoms)-100 week

Score (HOQOS) - Symptoms -3 (indicating no

- Stiffness .2 symptoms)
- Function in daily living (ADL) <17

« Function in sport and recreation (Sport/Rec) «4

« Hip related Quality of Life (QOL) -4

HOOS- Physical Physical functioning 5 5-point Raw scores were Last [13]

Function Short form Likert converted (0-100,0  week

(HOOS-PS) indicating extreme

symptoms) [9]

Western Ontario and 3 subscales: 24 5-point Raw scores were Last [3]

McMaster Universities - Pain -5 Likert converted (0-100,0 48h

Osteoarthritis Index - Stiffness :2 indicating extreme

(WOMAC) « Function <17 symptoms) [9]

Oxford Hip Score (OHS)  function and pain 12 5-point 0-48 (0 indicating Past4  [14]
Likert the worst, 48 the weeks

best outcome)

NRS Pain activity Pain during activity 1 11-option 0-100 (0 indicating  Last No ref-
numeric rat-  the worst, 100 the week erence
ing scale best outcome) avail-

able

NRS Pain rest Pain at rest 1 11-option 0-100 (0 indicating  Last No ref-
numeric rat-  the worst, 100 the week erence
ing scale best outcome) avail-

able

T-score 50 represents the average score of the general population, SD of 10



Braaksma et al. Journal of Patient-Reported Outcomes

(2024) 8:121

Page 5 of 11

Table 2 The ICC, the mean SEM, SDC and burden, the percentage patients with minimum and maximum scores and the range of
PROMIS CAT, PROMIS short forms and legacy instruments (n=208)

ICC agreement (CI) SEM mean SDC mean (range) Burden (mean) Minimum Maximum Score
(range) number of score (%) score (%) range
items
PROMIS-PF 0.91 (0.88-93) 2(1.7-3.5) 6.9 (4.7-9.6) 52 0% 0.7% 20.3-74.1
PROMIS-PI 091 (0.87-0.93) 1(1.9-5.9) 8(5.2-16.4) 4.8 13.2% 0.2% 446-76.8
PROMIS PF SF8b 0.96 (O 95-0.97) 2(15-5.9) 1(4.2-164) 8 0% 0% 20.9-59.7
PROMIS PF SF10a 0.93 (0.91-0.95) 22(1.7-5.9) 6 (4.7-164) 10 0% 0% 209-619
PROMIS PF SF20a 0.95 (O 94-0.96) 1.8(1.3-57) 5(3.6-15.8) 20 0% 0% 206-62.7
PROMIS PI SF8a 0.94 (0.92-0.95) 4(1.3-5.9) 3(3.6-164) 8 0% 0% 40.7-77
PROMIS Pain Intensity 1a  0.95 (0.93-0.96) 0.8 2.1 1 18.3% 0.5% 0-10
ICC agreement (CI) SEM SDC Burden number Minimum  Maximum Score
of items score (%) score (%) range
HOOS-PS 0.83(0.78-0.88) 9.7 269 5 9.6% 0.5% 0-100
HOOS 0.95 (0.93-0.96) 6.3 17.6 40 0% 2.2% 1.9-100
HOOS-Symptoms 0.91 (0.89-0.93) 83 229 5 0.2% 9.8% 0-100
HOOS-QOL 0.95 (0.93-0.96) 7.5 209 4 9.4% 9.1% 0-100
HOOS-Sport/Recr 0.88 (0.84-0.91) 11.1 309 4 5.7% 74% 0-100
HOOS-ADL 092 (O 89-0.94) 7.5 20.7 17 0% 6.7% 1.5-100
HOOS-Pain 0.93 (0.91-0.95) 79 22 10 0.2% 15.3% 0-100
OHS 0.96 (O 94-0.97) 26 7.2 12 0% 7.2% 5-48
WOMAC 0.92 (0.90-0.94) 7.6 21 24 0% 5.4% 3.1-100
WOMAC—pain 0.90 (0.87-0.92) 9.1 252 5 0.5% 22% 0-100
WOMAC—Stiffness 0.87 (0.83-0.90) 105 29.2 2 2.9% 13.2% 0-100
WOMAC—Function 0.92 (0.89-94) 79 22 17 0% 6.7% 1.5-100
NRS pain Activity 0.93 (0.91-95) 9.2 254 1 18.6% 2.2% 0-100
NRS pain Rest 092 (0.907094) 85 236 1 29.4% 0.1% 0-100

Abbreviations ICC intra-class correlation coefficient, SDC smallest detectable change, SEM standard error of measurement, C/ confidence interval, QOL quality of life,

Sport/Recr sports/recreation, ADL activities of daily living, NRS numeric rating scale, P/ pain interference, PF physical function

correlation coefficient (ICC) for each total- and/or sub-
scale separately. Patients were invited twice within a two-
week interval and, therefore, considered stable.

Measurement precision The Standard Error of Mea-
surement (SEM) at one time point was calculated as a
parameter of measurement precision. PROMIS CATs
and short forms were developed under an IRT model, in
which each T-score is associated with its own standard
error of measurement (SEM=SE(T-score)). The measure-
ment error differs across the scale, each score (thus each
patient) has its own SEM value. The legacy PROMs were
developed under a Classical Test Theory (CTT) model,
which assumes that all scores have the same SEM, so each
PROM has one SEM value.

Smallest detectable change Not every change on a mea-
surement instrument can be considered a ‘real’ change.
Small changes may be due to measurement error. The
test-retest data were used to calculate the smallest detect-
able change (SDC), which is the smallest change in score
that can be considered a ‘real’ change, above measure-
ment error. The SDC is defined as the amount of change

above which there is at least 95% chance that a real change
has occurred [16].

Validity

Construct validity Construct validity is defined as the
degree to which the scores are consistent with hypotheses
based on the assumption that the PROM validly measures
the construct to be measured [27]. Hypotheses were for-
mulated a priori about the expected correlations between
the PROMIS CAT and PROMIS short forms with the
comparator legacy instruments per measured domain.
Correlations with measurement instruments measuring
the same construct (e.g. PROMIS-PF and the HOOS-PS)
were expected to be strong. Also, the PROMIS CAT and
SF Pain Interference should highly correlate with compar-
ator instruments measuring physical functioning, accord-
ing to previous research in patients with musculoskeletal
conditions and pain (e.g. in patients with chronic pain
[11], spinal pain [22], and foot and ankle conditions [29]).
This is expected because when pain levels increase, an
individual’s physical function decreases. Furthermore, the
correlations with measurements instruments measuring
the same construct, should be higher than measurement
instruments measuring different but related constructs
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(e.g. PROMIS-PF and legacy measures of pain, stiffness
or quality of life).

Interpretability

Burden The number of items (also referred to as ‘bur-
den’) needed to asses physical functioning and pain was
compared between the PROMIS CAT, PROMIS short
forms and the legacy PROMs.

Range of scores Per measurement instrument, the per-
centage of patients with the minimal and maximum pos-
sible score were described.

Statistical analysis

Reliability

Test-retest reliability The ICC was calculated using a
two-way random-effects model for absolute agreement:

ICC agreement = , whereby o 7 is the varia-

9p
(712,+{r,2,t+(7€2,

tion between patients, o 2, is the variation between mea-
surements and o ? is random error variance. Test-retest

reliability was considered sufficient if ICC>0.70 [16].

Measurement precision The SEM for the leg-
acy PROMs was calculated from the formula:
SEMagreement = /o 2,, + o 2.. Focusing on the abso-
lute agreement, the variation between measurements
(indicating systematic differences) is also considered error
variance. The SEM (SE(T-score)) was provided for each
patient score automatically when using PROMIS CAT
software. For interpretation purposes, the mean and range
of the SEM values were calculated and presented. There
is no widely accepted method to compare the SEM or
SDC of measurement instruments with different under-
lying theories (CTT versus IRT), since they have differ-
ent scales. Therefore, the mean and the range presented
can be used to interpret the corresponding measurement
instrument and to compare measurement instruments on
the same scale.

Smallest detectable change The SDC is calculated as
SDC = 1.96* /2*SEM. For PROMs that use IRT-
based scoring, the individual SEM of the test T-score
and the individual SEM of the re-test T-score were used
(SDC = 1.96 * \/SE} + SE3). For traditional PROMs
this will result in one SDC value (because there is only
one SEM) per PROM, while for PROMs that use IRT-
based scoring, this will result in a different SDC for each
patient. Therefore, the mean and the range (T-scores) are
presented per measurement instrument.
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Validity

Construct validity To assess construct validity, Pearson’s
correlations were calculated between the PROMIS CAT
and short forms, and the legacy PROMs. A matrix with all
predefined hypotheses, resulting in 91 unique hypotheses,
is presented in Supplemental Table 1. Construct validity
was considered sufficient if>75% of the results was in
accordance with the hypotheses.

Results

In total, 208 patients were included in the analyses (Fig. 1).
The mean age of the patients was 67.6 years, 62.8% were
female (7=130). The mean time-interval between test and
retest was 8 days (SD 2). The mean score, standard devia-
tion and range per measurement instrument at different
time points can be found in Supplemental Table 2.

Reliability

Test-retest reliability

All PROMIS CATs, PROMIS short forms and legacy
instruments showed evidence of sufficient test-retest reli-
ability (range ICC: 0.83-0.96, Table 2).

Measurement precision

The mean SEM of PROMIS CAT and short forms was
1.8-2.2 on the T-score scale (observed score range 20.3—
77; Table 2). The SEM of PROMIS Pain intensity was 0.8
(score range 0-10). The SEM of the legacy instruments
varied between 6.3 and 11.1 of legacy instruments with
a score range 0-100, and was 2.6 for the OHS (observed
score range 5-48; Table 2). The possible range of the
instruments can be found in Table 1, the range of the
observed scores are presented in Table 2. The distribution
of the scores, the SEM and the SDC are presented in Fig. 2.

Smallest detectable change

Table 2 gives details of the smallest detectable change of
all PROMIS CATs, short forms and legacy instruments.
The value of the SDC of PROMIS instruments was 2.1-7.3
T-score points (observed score range 20.3—77). The SDC
of PROMIS Pain Intensity was 2.1 (score range 0—10). The
SDC of the legacy instruments varied between 17.6 and
30.9 of legacy instruments with a score range 0—100. The
SDC of the OHS was 7.2 (observed score range 5-48).

Validity

Construct validity

The construct validity of PROMIS CAT and short forms
measuring Physical Function were sufficient (92.3—-100%
of the results were in accordance with the hypotheses).
The construct validity of the PROMIS Pain Intensity
single item and PROMIS-PI were also found sufficient
(both 92.3% of the results were in accordance with the
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Number of patients eligible (n=424)
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v

+ Declined to participate (n=174)

v

Number of patients enrolled /
Informed consent (n=250)

v

+ Excluded from analysis (surgery between
test and retest) (n=2)

v

Number of patients included (n=248)

v

+ Incomplete baseline or lost to follow-up (n=40)

v

Number of patients analyzed (n=208)

Fig. 1 Flowchart of inclusion

hypotheses). The construct validity of PROMIS short
form measuring Pain Interference was found insufficient
(69.2% of the results were in accordance with the hypoth-
eses) (Supplemental material Table 3).

Interpretability

Burden

The number of items administered per measurement
instrument are presented in Table 2. The burden of
PROMIS-PF and PROMIS-PI was smaller than PROMIS
short forms (4.8—5.2 versus 8-20 items). The burden of
legacy instruments measuring physical functioning var-
ied between 5 and 40 items.

Range of scores

Table 2 shows the percentage of patients with the mini-
mal and maximum score per measurement instrument.
Witch exception of the PROMIS Pain Interference
SF8a, all measurement instruments measuring pain had
a considerable percentage of patients with a minimal
or maximum score (13-18% of the scores of PROMIS

instruments, 15-29% of the scores of legacy instru-
ments). None of the patients had the minimum or max-
imum value on the PROMIS short forms measuring
Physical Function. Less than 1% of the patients had a
maximum score on the PROMIS-PFE.

Discussion

The aim of this study was to determine if PROMIS CATs
and short forms overcome the limitations of the legacy
PROMs, by investigating the reliability, measurement
precision, smallest detectable change, and burden of
PROMIS Physical Function and Pain Interference CATs
and short forms, and PROMIS Pain intensity, head-to-
head to legacy PROMs in patients undergoing THA.

A clinically relevant finding is that PROMIS CATs are
less burdensome with an equal reliability compared to
legacy instruments in patients undergoing THA. Fur-
thermore, this study reported on the SDC of many fre-
quently used measurement instruments for patients
undergoing THA. These SDC values per measurement
instrument can be used as a guide to select a PROM with
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low measurement error, or as cut off values in the out-
patient clinic to determine if it is likely that a patient has
changed as result of the treatment.

This study faced methodological challenges in com-
paring the SEM and SDC between PROMIS and legacy
instruments. The SEM and SDC can be used to interpret
the measurement error of the measurement instruments
and to compare measurement error of measurement
instruments on the same scale. Although the absolute
(mean) values of the SDC of PROMIS instruments were
smaller than those of the legacy instruments, they can-
not be directly compared, since measurement instru-
ments have different scales (Fig. 2.). The SDC is a value
that represents the change that can be detected with
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95% confidence on the scale of the corresponding mea-
surement instrument. However, scales differ in unit of
measurement (score on a specific legacy instrument or
T-score), range and level of measurement (ordinal versus
interval). Legacy instruments are developed using CTT
(in which each item contributes equal to the score) and
PROMIS measurement instruments using IRT (each item
has its own difficulty and a weighted score is used). IRT
implies that PROMIS instruments have equal intervals
between values (ie., interval scale) and legacy instru-
ments don’t (ordinal scale). To our knowledge, there is
no consensus on how to address this problem. Several
methods have been used in the literature to bypass this
problem. One approach is to express the scores of dif-
ferent measurement instruments on the same IRT scale
[24]. However, this method does not take into account
that legacy instruments are not developed using IRT
modelling. Other authors compared the percentage
improved patients beyond measurement error, according
to PROMIS and according to the legacy instruments [17].
Another solution would be to compare only ICC values,
which relate the measurement error to the variation in
scores. ICC values of the PROMIS measures were mostly
higher than those of the legacy instruments. Because of
the mentioned difficulties, this study presents the values
per measurement instrument, accompanied with corre-
sponding scales. More research is needed to determine
the best approach to compare the measurement error of
CTT-based and IRT-based instruments.

It should be noted that a lower CAT SE (SE 2.2, com-
parable to a reliability of 0.95) was used as stopping rule
than the standard (SE 3.0, comparable to a reliability of
0.90). More reliable outcome scores can ensure more
accurate individual patient monitoring, improve reliabil-
ity of study results and can contribute to increase the use
of patient reported outcome measures in the consulta-
tion room [18]. However, by using this setting it is pre-
sumable that the burden of the CATs increase (although
in this study they were still lowest of all measurement
instruments).

This study found that the PROMIS CAT and SF mea-
suring Pain Interference were highly correlated with the
comparator instruments measuring physical functioning
in this patient population (resp. Pearson’s r=.82; 0.87).
These correlations were even higher than the correla-
tions with legacy instruments measuring pain. High cor-
relations between PROMIS Physical Function and Pain
Interference have also been found in previous studies [11,
22, 29], especially in patients suffering pain. It could be
argued that for patients with pain these constructs are
very similar. Because of this overlap in these constructs,
it could be argued that there is no additional value mea-
suring both in these patients. It could also be hypothe-
sized that the construct pain is not relevant for all patient
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at every time moment, since most instruments measur-
ing pain, had a considerable percentage of minimal or
maximal possible scores, probably caused by the absence
of pain post THA.

A possibly important aspect for THA patients when
selecting the most suitable PROM for clinical practice
is burden. Moreover, a smaller burden leads to less data
storage, with subsequent reduction of the carbon foot-
print. A further reduction of the amount of data col-
lected can be achieved by using PROMIS CAT and short
forms, since these measurement instruments are generic
and therefore the same PROMs can be used for multiple
diagnoses.

When investigating alternatives for measuring physical
functioning, the PROMIS-PF is less burdensome, has a
wider measurement range (reducing floor/ceiling effects
with more relevant questions) and almost no minimal or
maximal possible scores, with an equal reliability com-
pared to legacy instruments. When preferring a PROMIS
Physical Function short form instead of PROMIS CAT,
the 8-item PROMIS-PF SF 8b does not have a higher
SEM or SDC than a short form containing more items
(PF10a or PF20a). Furthermore, the 20-item PROMIS PF
short form seems to add very little in score range beyond
the PF 8b. Therefore, we recommend using the PROMIS-
PF SE8b instead of PF10a or PF20A to reduce burden
while obtaining an equal reliability and scoring range.

Regarding the construct pain, the PROMIS Pain Inten-
sity 1a seems to be comparable to the legacy numeric rat-
ing scales measuring pain at rest and pain during activity
in terms of burden, reliability and SDC. To facilitate the
choice of an outcome measure, future research must
focus on the minimally important change (MIC) and
responsiveness of the different measures.

Conclusion

The PROMIS-PF is a less burdensome alternative, with a
wider measurement range (reducing floor/ceiling effects
with more relevant questions) and almost no minimal
or maximal possible scores, with an equal reliability,
compared to legacy instruments measuring physical
functioning in patients undergoing THA. The PROMIS
Pain Intensity la seems to be comparable to the legacy
numeric rating scales measuring pain at rest and pain
during activity in terms of burden, reliability, and SDC.
Measuring the construct Pain Interference may not
have additional value to measuring physical function in
patients undergoing THA. The SDC and SEM of many
frequently used measurement instruments presented
in this study can be used as a guide to select a PROM,
or as cut off values in the outpatient clinic to determine
if it is likely that a patient has changed as result of the
treatment.

Page 9 of 11

We want to thank Ariena Rasker for her contributions
to the development of the design of the study and the
data collection at the OLVG.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/541687-024-00799-5.

[ Supplementary Material 1 J

Acknowledgements
We want to thank Ariena Rasker for her contributions to the development of
the design of the study and the data collection at the OLVG.

Author contributions

CB.and N.W. conceptualized, arranged the acquisition, analyzed and did
the management and coordination of the project. CB., N.W, Y.P.and A.DK.
collected data. C.B., NW, MRV, RW.P,Y.P, ADK, RWJ.G.O.and CB.T. were
involved in the design of the study. C.B. wrote the initial draft. N.W.,, MRV,
RW.P,YP, ADK, CBT. and RW.J.G.O. reviewed, edited and supervised. All
authors read and approved the final manuscript.

Funding

This research was funded by the LROI. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted according to the principles of the Declaration of
Helsinki. The study was reviewed by a Medical Ethics Review Committee (MEC-
U) in the Netherlands, which confirmed that the Medical Research Involving
Human Subjects Act (WMO) does not apply. With this waiver, approval of the
Institutional Review Board of each participating center was obtained.

Consent for publication
Not applicable.

Competing interests

CB.T.is a member of the PROMIS Health Organization and lead the Dutch-
Flemish PROMIS National Center, which aim to improve health outcomes
by developing, maintaining, improving, and encouraging the application of
PROMIS in research and clinical practice. RW.P.is a member of the Scientific
and Innovation Committee (CWI) of the Dutch Orthopedic Association.

Author details

'St. Antonius Hospital, Utrecht, The Netherlands

0OLVG, Amsterdam, The Netherlands

3Leiden University, Leiden, The Netherlands

“Research Department, Kliniek ViaSana, Mill, The Netherlands
Department of Health Sciences, Faculty of Science, Amsterdam
Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam, The
Netherlands

Department of Epidemiology and Data Science, Amsterdam UMC
Location Vrije Universiteit, Amsterdam, The Netherlands

’Amsterdam Public Health Research Institute, Methodology, Amsterdam,
The Netherlands

8Department of Orthopaedic Surgery, St. Antonius Hospital Utrecht, PO.
Box 2500, Nieuwegein 3430 EM, The Netherlands

Received: 21 May 2024 / Accepted: 15 October 2024
Published online: 21 October 2024


https://doi.org/10.1186/s41687-024-00799-5
https://doi.org/10.1186/s41687-024-00799-5

Braaksma et al. Journal of Patient-Reported Outcomes

(2024) 8:121

References

1.

Amtmann D, Cook KF, Jensen MP et al (2010) Development of a PROMIS
item bank to measure pain interference. Pain 150:173-182. https://doi.
0rg/10.1016/j.pain.2010.04.025

Baumhauer JF (2017) Patient-reported outcomes — are they living

up to their potential? N Engl J Med 377:6-9. https://doi.org/10.1056/
nejmp1702978

Bellamy N, Buchanan WW, Goldsmith CH et al (1988) Validation study of
WOMAC: a health status instrument for measuring clinically important
patient relevant outcomes to antirheumatic drug therapy in patients with
osteoarthritis of the hip or knee. J Rheumatol 15:1833-1840

Bjorner JB, Chang CH, Thissen D, Reeve BB (2007) Developing tailored instru-
ments: item banking and computerized adaptive assessment. In: Quality of
life research. pp 95-108

Braaksma C, Wolterbeek N, Veen MR et al (2020) Systematic review and meta-
analysis of measurement properties of the hip disability and osteoarthritis
outcome score - physical function shortform (HOOS-PS) and the knee injury
and osteoarthritis outcome score - physical function shortform (KOOS-PS).
Osteoarthr Cartil 28:1525-1538

Brodke DJ, Saltzman CL, Brodke DS (2016) PROMIS for orthopaedic outcomes
measurement. J Am Acad Orthop Surg 24:744-749. https://doi.org/10.5435/
JAAQS-D-15-00404

Cella D, Riley W, Stone A et al (2010) The patient-reported outcomes mea-
surement information system (PROMIS) developed and tested its first wave of
adult self-reported health outcome item banks: 2005-2008. J Clin Epidemiol
63:1179-1194. https;//doi.org/10.1016/jjclinepi.2010.04.011

Collins NJ, Misra D, Felson DT et al (2011) Measures of knee function: inter-
national knee documentation committee (IKDC) subjective knee evaluation
form, knee injury and osteoarthritis outcome score (KOOS), knee injury

and osteoarthritis outcome score physical function short form (KOOS-PS),
Knee Ou. Arthritis Care Res (Hoboken) 63(Suppl 1):5208-5228. https://doi.
0rg/10.1002/acr.20632

Copsey B, Thompson JY, Vadher K et al (2019) Problems persist in reporting of
methods and results for the WOMAC measure in hip and knee osteoarthritis
trials. Qual Life Res 28:335-343

Crins MHP, Roorda LD, Smits N et al (2015) Calibration and validation of the
dutch-flemish PROMIS pain interference Item Bank in patients with chronic
pain. PLoS ONE 10. https://doi.org/10.1371/journal.pone.0134094

Crins MHP, Terwee CB, Klausch T et al (2017) The Dutch—flemish PROMIS
physical function item bank exhibited strong psychometric properties in
patients with chronic pain. J Clin Epidemiol 87. https://doi.org/10.1016/j.
jclinepi2017.03.011

Crins MHP, van der Wees PJ, Klausch T et al (2018) Psychometric properties
of the PROMIS physical function item bank in patients receiving physical
therapy. PLoS ONE 13. https://doi.org/10.1371/journal.pone.0192187

Davis AM, Perruccio AV, Canizares M et al (2008) The development of a short
measure of physical function for hip OA HOOS-Physical function shortform
(HOOS-PS): an OARSI/OMERACT initiative. Osteoarthr Cartil 16:551-559.
https://doi.org/10.1016/jjoca.2007.12.016

Dawson J, Fitzpatrick R, Carr A, Murray D (1996) Questionnaire on the
perceptions of patients about total hip replacement. J Bone Jt Surg Ser B
78:185-190. https://doi.org/10.1302/0301-620x.7802.0780185

De Ayala RJ (2009) The theory and practice of item response theory. Guilford
Press

De Vet HCW, Terwee CB, Mokkink LB, Knol DL (2011) Measurement in medi-
cine. A practical guide

Flens G, Terwee CB, Smits N et al (2022) Construct validity, responsiveness,
and Utility of Change indicators of the dutch-flemish PROMIS item banks for
depression and anxiety administered as computerized adaptive test (CAT):

a comparison with the brief Symptom Inventory (BSI). Psychol Assess 34.
https://doi.org/10.1037/pas0001068

Greenhalgh J, Gooding K, Gibbons E et al (2018) How do patient reported
outcome measures (PROMs) support clinician-patient communication and
patient care? A realist synthesis. J Patient-Reported Outcomes 2

Gupta P, Czerwonka N, Desai SS et al (2023) The current utilization of the
patient-reported outcome measurement information system (PROMIS) in
isolated or combined total knee arthroplasty populations. Knee Surg Relat
Res 35

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 10 of 11

Hays RD, Bjorner JB, Revicki DA et al (2009) Development of physical and
mental health summary scores from the patient-reported outcomes
measurement information system (PROMIS) global items. Qual Life Res 18.
https://doi.org/10.1007/511136-009-9496-9

Hung M, Nickisch F, Beals TC et al (2012) New paradigm for patient-reported
outcomes assessment in foot & ankle research: computerized adaptive test-
ing. Foot Ankle Int 33:621-626. https://doi.org/10.3113/FAL.2012.0621
Kendall R, Wagner B, Brodke D et al (2018) The relationship of PROMIS pain
interference and physical function scales. Pain Med (United States) 19.
https://doi.org/10.1093/pm/pnx310

Kldssbo M, Larsson E, Mannevik E (2003) Hip disability and osteoarthri-

tis outcome score: an extension of the Western Ontario and McMaster
universities osteoarthritis Index. Scand J Rheumatol 32:46-51. https://doi.
0rg/10.1080/03009740310000409

Lameijer CM, Van Bruggen SGJ, Haan EJA et al (2020) Graded response model
fit, measurement invariance and (comparative) precision of the Dutch-
Flemish PROMIS® Upper Extremity V2.0 item bank in patients with upper
extremity disorders. BMC Musculoskelet Disord 21. https://doi.org/10.1186/
$12891-020-3178-8

Lawrie CM, Abu-Amer W, Barrack RL, Clohisy JC (2020) Is the patient-reported
outcome measurement information system feasible in bundled payment
for care improvement in total hip arthroplasty patients? J Arthroplasty
35:1179-1185. https://doi.org/10.1016/j.arth.2019.12.021

McDermott KW, Liang L (2021) Overview of operating room procedures
during inpatient stays in U.S. hospitals, 2018. Healthc Cost Util Proj Stat Briefs
[Internet]. Rockv Agency Healthc Res Qual (US). Stat Br #281. https//www.
ncbi.nlm.nih.gov/books/NBK574416/

Mokkink LB, Terwee CB, Patrick DL et al (2010) The COSMIN study reached
international consensus on taxonomy, terminology, and definitions of
measurement properties for health-related patient-reported outcomes. J Clin
Epidemiol 63:737-745. https://doi.org/10.1016/j,jclinepi.2010.02.006
Nilsdotter A, Bremander A (2011) Measures of hip function and symptoms:
Harris Hip score (HHS), hip disability and osteoarthritis outcome score
(HOOS), Oxford Hip score (OHS), lequesne index of severity for osteoarthritis
of the hip (LISOH), and American academy of orthopedic surgeons (AAOS)
hip and knee questionnaire. Arthritis Care Res 63. https://doi.org/10.1002/
acr.20549

Nixon DC, McCormick JJ, Johnson JE, Klein SE (2017) PROMIS pain interfer-
ence and physical function scores correlate with the foot and ankle ability
measure (FAAM) in patients with Hallux Valgus. Clin Orthop Relat Res 475.
https://doi.org/10.1007/511999-017-5476-5

Pellicciari L, Chiarotto A, Giusti E et al (2021) Psychometric properties of the
patient-reported outcomes measurement information system scale v1.2:
global health (PROMIS-GH) in a Dutch general population. Health Qual Life
Outcomes 19. https://doi.org/10.1186/512955-021-01855-0

Prinsen CAC, Mokkink LB, Bouter LM et al (2018) COSMIN guideline for
systematic reviews of patient-reported outcome measures. Qual Life Res.
https://doi.org/10.1007/511136-018-1798-3

Quinzi DA, Childs S, Kuhns B et al (2020) The impact of total hip arthroplasty
surgical approach on patient-reported outcomes measurement information
system computer adaptive tests of physical function and pain interference. J
Arthroplasty 35:2899-2903. https://doi.org/10.1016/j.arth.2020.05.006

Rose M, Bjorner JB, Gandek B et al (2014) The PROMIS physical function

item bank was calibrated to a standardized metric and shown to improve
measurement efficiency. J Clin Epidemiol. https://doi.org/10.1016/j.
jclinepi.2013.10.024

Rothrock NE, Bass M, Blumenthal A et al (2019) AO patient outcomes center:
design, implementation, and evaluation of a software application for the
collection of patient-reported outcome measures in orthopedic outpatient
clinics. JMIR Form Res 3. https://doi.org/10.2196/10880

Schuller W, Terwee CB, Klausch T et al (2019) Validation of the dutch-

flemish PROMIS pain interference item bank in patients with musculo-
skeletal complaints. Spine (Phila Pa 1976) 44. https://doi.org/10.1097/
BRS.0000000000002847

Stephan A, Mainzer J, Kimmel D, Impellizzeri FM (2019) Measurement prop-
erties of PROMIS short forms for pain and function in orthopedic foot and
ankle surgery patients. Qual Life Res 28:2821-2829. https://doi.org/10.1007/
s11136-019-02221-w


https://doi.org/10.1016/j.pain.2010.04.025
https://doi.org/10.1016/j.pain.2010.04.025
https://doi.org/10.1056/nejmp1702978
https://doi.org/10.1056/nejmp1702978
https://doi.org/10.5435/JAAOS-D-15-00404
https://doi.org/10.5435/JAAOS-D-15-00404
https://doi.org/10.1016/j.jclinepi.2010.04.011
https://doi.org/10.1002/acr.20632
https://doi.org/10.1002/acr.20632
https://doi.org/10.1371/journal.pone.0134094
https://doi.org/10.1016/j.jclinepi.2017.03.011
https://doi.org/10.1016/j.jclinepi.2017.03.011
https://doi.org/10.1371/journal.pone.0192187
https://doi.org/10.1016/j.joca.2007.12.016
https://doi.org/10.1302/0301-620x.78b2.0780185
https://doi.org/10.1037/pas0001068
https://doi.org/10.1007/s11136-009-9496-9
https://doi.org/10.3113/FAI.2012.0621
https://doi.org/10.1093/pm/pnx310
https://doi.org/10.1080/03009740310000409
https://doi.org/10.1080/03009740310000409
https://doi.org/10.1186/s12891-020-3178-8
https://doi.org/10.1186/s12891-020-3178-8
https://doi.org/10.1016/j.arth.2019.12.021
https://www.ncbi.nlm.nih.gov/books/NBK574416/
https://www.ncbi.nlm.nih.gov/books/NBK574416/
https://doi.org/10.1016/j.jclinepi.2010.02.006
https://doi.org/10.1002/acr.20549
https://doi.org/10.1002/acr.20549
https://doi.org/10.1007/s11999-017-5476-5
https://doi.org/10.1186/s12955-021-01855-0
https://doi.org/10.1007/s11136-018-1798-3
https://doi.org/10.1016/j.arth.2020.05.006
https://doi.org/10.1016/j.jclinepi.2013.10.024
https://doi.org/10.1016/j.jclinepi.2013.10.024
https://doi.org/10.2196/10880
https://doi.org/10.1097/BRS.0000000000002847
https://doi.org/10.1097/BRS.0000000000002847
https://doi.org/10.1007/s11136-019-02221-w
https://doi.org/10.1007/s11136-019-02221-w

Braaksma et al. Journal of Patient-Reported Outcomes (2024) 8:121 Page 11 of 11

37. Terwee CB (2020) The value of item banks, CAT, and PROMIS for dermatology.

H V)
JInvest Dermatol 140:1089-1091. https://doi.org/10.1016/jid.2019.12.017 Publisher’s note _ S o
38. Terwee CB, Coopmans C, Peter WF et al (2014) Development and validation Springer Nature remains neutral with regard to jurisdictional claims in
of the computer-administered animated activity questionnaire to measure published maps and institutional affiliations.

physical functioning of patients with hip or knee osteoarthritis. Phys Ther
94:251-261. https://doi.org/10.2522/ptj.20120472


https://doi.org/10.1016/j.jid.2019.12.017
https://doi.org/10.2522/ptj.20120472

	﻿Assessing the measurement properties of PROMIS Computer Adaptive Tests, short forms and legacy patient reported outcome measures in patients undergoing total hip arthroplasty
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study participants
	﻿Procedure
	﻿Measures
	﻿Outcomes
	﻿Reliability﻿﻿﻿﻿
	﻿Test-retest reliability
	﻿Measurement precision
	﻿Smallest detectable change



	﻿Validity
	﻿Construct validity

	﻿Interpretability
	﻿Burden
	﻿Range of scores

	﻿Statistical analysis
	﻿Reliability



