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ACKGROUND CONTEXT: The Patient-Reported Outcomes Information System (PROMIS)

instruments are an important advancement in the use of PROs, but need to be evaluated with

longitudinal data to determine whether they are responsive to change in specific clinical

populations.

PURPOSE: The purpose of this study was to assess the responsiveness of the PROMIS Physical

Function (PF), PROMIS Pain Interference (PI), Neck Disability Index (NDI), and the Oswestry

Disability Index (ODI).

STUDY DESIGN/SETTING: This study entailed prospective data collection from consecutive

patients aged 18 and older, visiting a university-based orthopaedic spine clinic between October

2013 and January 2017.

PATIENT SAMPLE: A total of 763 participants in the sample had a mean age of 58 (SD= 15)

years and the sample was 50.2% male and 92.8% Caucasian.

OUTCOME MEASURES: The PROMIS PF and PROMIS PI Computerized Adaptive Tests

along with either the NDI or ODI instruments were administered on tablet computers before

clinic visits. Global rating of change questions relating to pain and function levels was also

administered.

METHODS: Baseline scores were compared with follow-up scores at four different time-points

from 3-months to 6-months and beyond. Patient demographics, mean scores, paired-sample t tests,

Standardized Response Mean (SRM), and Effect Size (ES) were analyzed to determine instrument

responsiveness. This project was funded by the National Institute of Arthritis and Musculoskeletal

and Skin Diseases of the National Institutes of Health under award number U01AR067138 and the

authors have no conflicts of interest to disclose.

RESULTS: The PROMIS instruments were strongly correlated with each other as well as with

the NDI and ODI. Responsiveness was significant on all four instruments at every time-point

assessed (paired sample t tests ranged from p< .001 to p = .049). SRM’s were large and over

0.94 for every instrument at every time-point. Cohen’s d ES were large and over 0.96 for all at

all time-points, except for the NDI which had ES ranging from 0.74 to 0.83. This study showed

large effect sizes and responsiveness of the PROMIS PF, PROMIS PI, NDI and ODI in a popula-

tion of orthopaedic patients with spine pathologies.
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CONCLUSION: This study demonstrates strong responsiveness of the PROMIS PF and PROMIS

PI in a spine clinic population. © 2018 Elsevier Inc. All rights reserved.
Keywords: N
DI; ODI; Orthopaedics; Patient-reported outcomes; PROMIS; Responsiveness; Spine.
Introduction

Patient-reported outcome (PRO) instruments are recog-

nized as an important aspect of high quality medical care.

These instruments can inform medical personnel of the

patient perspective, can provide reliable and valid clinical

information, and can potentially improve the patient experi-

ence if conducted with a minimum of respondent burden

[1]. To enhance the effectiveness of PRO measures, the

Patient-Reported Outcomes Measurement Information Sys-

tem (PROMIS) developers conducted extensive reviews of

existing PROs in clinical practice, analyzed the test items,

and revised items when appropriate to create improved

instruments [2]. The PROMIS instruments were developed

using item-response theory (IRT), where individual test

items are calibrated and validities and reliabilities are

assessed. One advantage of this method is that IRT allows

algorithms to be efficiently used in a computerized adaptive

test (CAT) format [3]. This method limits redundancy, as

early item responses inform later item selection, minimiz-

ing test burden while simultaneously maintaining the preci-

sion of the information [4�7]. The PROMIS instruments

with CAT administration are an important advancement in

the use of PROs in clinical practice [8].

One important aspect of PRO development is the ability

to detect treatment related changes that occur over time,

referred to as the responsiveness of the instrument [9].

Determining responsiveness requires longitudinal data with

repeated measures at multiple time-points on the same indi-

viduals [10]. Responsiveness can be assessed in two ways,

using either internal or external methods. Internal methods

evaluate the level of change based on the magnitude of the

difference in scores [9]. External methods, on the other

hand, provide information on whether the level of change is

meaningful by anchoring the change score with some other

measure of treatment response [11]. Both methods can be

useful in determining the ability of a measure to detect

changes in patient outcomes.

The PROMIS instruments are satisfactory in terms of

reliabilities and validities [4,5]. They have demonstrated

sound psychometric properties specifically in a spine popu-

lation [12,13]. Given the recent development of the

PROMIS measures, and the time it takes to gather longitu-

dinal data with repeated measures, research is only begin-

ning to address the responsiveness of PROMIS instruments

in specific patient populations. Responsiveness studies on

the PROMIS measures in a general population have shown

that they have excellent sensitivity to change [14], with up

to four times the sensitivity of similar instruments [15].

However, responsiveness analysis of the PROMIS measures

has not yet been conducted for orthopaedic spine patients.
The newly developed PROMIS instruments may not

fully replace the use of other condition or region-specific

PROs in clinical practice, thus it is useful to evaluate

responsiveness of new and previously used instruments

side-by-side. The Neck Disability Index (NDI) and the

Oswestry Disability Index (ODI) are commonly used

instruments in orthopaedics [12,16]. The NDI has overall

shown questionable psychometric properties, even though

it is the most widely used PRO for neck disorders [17�19].

The responsiveness to change of the NDI has been

questioned, as studies over longer intervals suggest that the

episodic nature of neck pain may limit the tools ability to

accurately measure treatment effects [19]. The ODI has

shown good to fair psychometric properties when validated

both with classical test theory [20�22] and with the

modern IRT approach [23]. Given the common use of these

instruments in orthopaedic spine populations, there is value

in comparing the responsiveness of these instruments

with the newer PROMIS measures in the same orthopaedic

patient sample.

The purpose of the present study was to examine the

responsiveness to change for two PROMIS instruments, the

ODI, and the NDI in an orthopaedic spinal population.
Materials and methods

Sample

All patients aged 18 and older seeking orthopaedic care

for spinal conditions at a university clinic between Novem-

ber 2013 and January 2017 were enrolled if they were seen

for follow-up care greater than 3 months after their initial

visit. The PRO measures were administered on handheld

tablet computers before the clinic visit both at baseline and

follow-up visits. Follow-up time periods were categorized

into four groupings including 3-month follow-up (80 to

100 days after initial assessment), greater than 3-month fol-

low-up (90 days or more after initial assessment), 6-month

follow-up (170 to 190 days after initial assessment), and

greater than 6-month follow-up (180 days or more after ini-

tial assessment). The 3- and 6-month follow-up were

selected as common treatment time-points in orthopaedic

practice [24�31]. The greater than 3- and 6-month follow-

up periods are sometimes used in research to measure lon-

ger-term outcomes [32�34]. As patients sought follow-up

at different time-points depending on their individual treat-

ment programs, the analysis at each time-point necessarily

included different patient groupings. Demographics were

reported for the entire patient sample. Institutional review

board approval was obtained before the start of the study.



36 M. Hung et al. / The Spine Journal 19 (2019) 34�40
PRO instruments

Patients took three instruments including the PROMIS

Physical Function (PF) v1.2, the PROMIS Pain Interference

(PI) v1.1, and the NDI or the ODI, depending on patient

condition. The PROMIS instruments were delivered through

a web-based portal using CAT administration, with standard

algorithms applied to select item administration until the

standard error of measurement (SEM) was less than 0.33.

The CAT administration adjusts item selection based on

prior responses to minimize patient burden. For example, a

patient who had answered ‘unable to do’ to the question

‘Are you able to peel fruit?’ would not then be asked about

more strenuous tasks. Patients were electronically adminis-

tered the full set of questions in the NDI and ODI.

The PROMIS PF v1.2 CAT was drawn from the 121-

item full test bank which contains items in four domains

including lower extremity, upper extremity, central (back

and neck), and activities of daily living. Lower scores on

the PROMIS PF are indicative of lower patient functioning.

The PROMIS PI v1.1 has a 40-item bank with items related

to how pain interferes with daily activities. Lower scores

on the PROMIS PI are indicative of better patient function-

ing, with less pain interference. Both PROMIS instruments

are standardized in T scores (Mean = 50; SD= 10) and are

calibrated in a general population augmented with oversam-

pling of some diagnostic groups [21]. The NDI and the ODI

both consist of 10-items related to the neck and low back

function, respectively. Scores on the ODI and NDI range

from 0 to 100, with higher scores representing lower func-

tioning levels and increased disability. The instruments

were administered at the first clinic visit (ie, either within

seven days before the clinic visit of a new spinal condition

or on the day of the first clinic visit) and at each follow-up

clinic visit.

Analyses

Change scores were calculated as the absolute difference

between the baseline score and the follow-up score. Mean-

ingful change was defined from the patient perspective as

improvement in condition so that the analysis of respon-

siveness to change can be interpreted as meaningful levels

of change [35]. The anchor question to measure physical

function responsiveness was: ‘Compared to your FIRST

EVALUATION at the xxx: how would you describe your

physical function now?’ (much worse, worse, slightly

worse, no change, slightly improved, improved, and much

improved). Similarly, the anchor question used to measure

pain interference responsiveness was: ‘Compared to your

FIRST EVALUATION at the xxx: how would you describe

your episodes of PAIN now?’ Global ratings of change

(GRC) scales such as this are commonly used in orthopae-

dics [36]. This type of scale relies on retrospective reflec-

tion, which may be only weakly correlated with treatment

effect [37], thus responsiveness analysis was comprehen-

sive including both internal and external methods to address
the limitations of any one analytic approach. The GRC

anchors change scores to the patient perception of improve-

ment, so that responsiveness can be assessed in terms of

meaningful change from the patients’ perspective.

Paired sample t tests were run on each instrument at each

follow-up visit to evaluate the hypothesis that there was no-

change between baseline and follow-up. Significance was

determined a priori at p-value = .05, two sided. Correlations

between each measure were calculated with Pearson’s

Product Moment Correlation using SPSS 24.0. For effect

size (ES) we used the standardized Cohen’s d, which takes

into consideration the variability that exists in scores [9].

Cohen’s d removes dependence on sample size and is nor-

malized using the crosssectional standard deviation (SD) of

scores. We calculated Cohen’s d using the score difference

between the baseline score and the follow-up score, divided

by the baseline score’s SD. Cohen’s d can be interpreted as

d = 0.20 indicating a small effect, d = 0.50 as a medium

effect, and d = 0.80 as a large effect. A 0.80 effect repre-

sents a change where the difference is as least as great as 4

per 5 of a SD in scores [9].

We also calculated the standardized response mean (SRM)

as an indicator of ES. SRM removes the dependence on sam-

ple size from the equation that is seen as a factor in the t test

calculations [9]. The SRM is normalized based on the SD of

the change score. SRM is calculated as the mean difference

between baseline and follow-up scores divided by the SD of

the difference score, reflecting individual changes in scores.

The SRM values can be interpreted in the same way that we

interpret Cohen’s d, with values of 0.20, 0.50, and 0.80 for

small, medium, and large effect, respectively [9].

Analyses were performed using SPSS 24.0 (IBM SPSS

Statistics for Windows, Armonk, NY: IBM Corp.) [38], and

R 3.30 (R Development Core Team, Vienna, AT: R Foun-

dation for Statistical Computing) [39].

Results

The sample included 763 patients with an average age of

58.26 (SD= 14.72; Range = 18 to 89). It had 50.2% male

(n = 383) and majority were White (n = 708; 92.8%), with

2.9% (n = 22) reporting Hispanic ethnicity (see Table 1).

Patients were treated for multiple procedures including ver-

tebral process or body fractures and removal procedures on

the musculoskeletal system, among others. There was

insufficient sample in each procedure or diagnostic code for

meaningful stratification by condition.

Paired samples t test

The responsiveness of all four instruments was signifi-

cant at every time-point as measured by paired sample

t tests (see Table 2). For the PROMIS PF the statistical sig-

nificance ranged from p< .001 at greater than 3-month and

greater than 6-month follow-ups to p = .049 at 3-months.

For the PROMIS PI the significance was p< .001 at every

time-point. For the NDI significance values ranged from



Table 1

Patient demographics of included subjects (n = 763).

Variables n (%) Minimum/

Maximum

Mean (SD)

Age (years) 18/89 58.26 (14.72)

Gender

Male 383 (50.2)

Female 380 (49.8)

Race

White or Caucasian 708 (92.8)

Asian 8 (1.0)

American Indian and

Alaska Native

1 (0.1)

Native Hawaiian/Other

Pacific Islander

3 (0.4)

Black or African

American

10 (1.3)

Other 28 (3.7)

Unknown/Missing 5 (0.7)

Ethnicity

Hispanic 22 (2.9)

NonHispanic 733 (96.1)

Missing 8 (1.0)
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p< .001 at greater than 3- and greater than 6-month follow-

ups to p = .042 at 6-months. For the ODI significance values

ranged from p< .001 at greater than 3- and greater than 6-

month follow-ups to p = .009 at 3-months. Sample sizes

ranged from 10 to 590 in the analysis of responsiveness in

paired comparisons, depending on the instrument and the

time-point evaluated.
Table 2

Responsiveness of the PROMIS instruments, NDI, and ODI.

Measurement Follow-up period n

3-month follow-up*

PROMIS PF 87

PROMIS PI 93

NDI 22

ODI 69

>3-month follow-upy

PROMIS PF 565

PROMIS PI 590

NDI 105

ODI 472

6-month follow-upz

PROMIS PF 34

PROMIS PI 44

NDI 10

ODI 29

>6-month follow-upx

PROMIS PF 385

PROMIS PI 390

NDI 67

ODI 323

PF = Physical Function; PI = Pain Interference; NDI = Neck Disability Index; O

* 90§ 10 days.
y � 90 days.
z 180§ 10 days.
x �180 days.
Effect size and SRM

The effect sizes of all four instruments were large at

every follow-up time-point as measured by both SRM and

Cohen’s d ES. For the PROMIS PF the SRM ranged from

0.97 (n = 34) at 6-months to 1.31 (n = 87) at 3-months and

the ES ranged from 0.97 (n = 565) at greater than 3-months

to 1.11 (n = 34) at 6-months (see Table 2). For the PROMIS

PI, the SRM ranged from 0.94 (n = 44) at 6-months to 1.31

(n = 590) at greater than 3-months and the ES ranged from

1.12 (n = 390) at greater than 6-months to 1.39 (n = 93) at 3-

months. For the NDI, the SRM ranged from 1.12 (n = 10) at

6-months to 1.27 (n = 105) at greater than 3-months and the

ES ranged from 0.74 (n = 10) 6-months to 0.83 (n = 105) at

greater than 3-months. For the ODI the SRM ranged from

1.16 (n = 69) at 3-months to 1.33 (n = 29) at 6-months and

the ES ranged from 0.96 (n = 323) at greater than 6-months

to 1.08 (n = 29) at greater than 6-months.

Mean change and correlations

The mean baseline score for the PROMIS PF was 35.88

(SD= 6.67; n = 87), and was 65.87 (SD= 6.12; n = 93) for

the PROMIS PI, 45.64 (SD= 19.66; n = 22) for the NDI,

and 41.85 (SD= 17.04; n = 69) for the ODI (see Appendix

A). Correlations between the PROMIS PF and PROMIS PI

were significant at every time-point and ranged from ¡0.56

to ¡0.72 (see Table 3). Because higher scores on the

PROMIS PF indicate higher function, whereas higher

scores on the PROMIS PI, NDI, and ODI indicate more dis-

ability, strong negative correlations indicate the same
SRM ES Paired-t test p-value

1.31 0.98 0.049

1.16 1.39 <0.001

1.18 0.76 0.008

1.16 1.03 0.009

1.07 0.97 <0.001

1.31 1.19 <0.001

1.27 0.83 <0.001

1.26 1.00 < 0.001

0.97 1.11 0.004

0.94 1.29 0.001

1.12 0.74 0.042

1.33 1.08 0.002

1.03 0.98 <0.001

1.12 1.12 <0.001

1.18 0.82 <0.001

1.30 0.96 <0.001

DI = Oswestry Disability Index.



Table 3

Correlations between PROMIS instruments, NDI, and ODI scores.

Baseline

PROMIS PF PROMIS PI NDI ODI

PROMIS PF � ¡0.56* ¡0.60* ¡0.66*

PROMIS PI ¡0.56* � 0.71* 0.59*

NDI ¡0.60* 0.71* � �
ODI ¡0.66* 0.59* � �
80�100 days follow-up

PROMIS PF PROMIS PI NDI ODI

PROMIS PF � ¡0.72* ¡0.62* ¡0.76*

PROMIS PI ¡0.72* � 0.81* 0.79*

NDI ¡0.62* 0.81* � �
ODI ¡0.76* 0.79* � �
� 90 days follow-up

PROMIS PF PROMIS PI NDI ODI

PROMIS PF � ¡0.66* ¡0.67* ¡0.74*

PROMIS PI ¡0.66* � 0.75* 0.72*

NDI ¡0.67* 0.75* � �
ODI ¡0.74* 0.72* � �
170�190 days follow-up

PROMIS PF PROMIS PI NDI ODI

PROMIS PF � ¡0.70* ¡0.72* ¡0.80*

PROMIS PI ¡0.70* � 0.74* 0.83*

NDI ¡0.72* 0.74* � �
ODI ¡0.80* 0.83* � �
�180 days follow-up

PROMIS PF PROMIS PI NDI ODI

PROMIS PF � ¡0.66* ¡0.65* ¡0.80*

PROMIS PI ¡0.66* � 0.73*,* 0.73*

NDI ¡0.65* 0.73* � �
ODI ¡0.80* 0.73* � �
PF = Physical Function; lower score = lower patient functioning;

PI = Pain Interference; higher score = lower patient functioning;

NDI = Neck Disability Index; higher score = lower patient functioning;

ODI = Oswestry Disability Index; higher score = lower patient functioning.

Shaded cells are “not applicable” or “redundant.”.

* Pearson correlation is significant at the 0.01 level (2-tailed).
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clinical interpretation between measures. Correlations

between PROMIS PF and the NDI and ODI were signifi-

cant at every time-point and ranged from ¡0.60 to ¡0.72

for the NDI and from ¡0.66 to ¡0.80 for the ODI. Correla-

tions between the PROMIS PI and the NDI and ODI were

significant at every time-point and ranged from 0.71 to 0.81

for the NDI and 0.59 to 0.83 for the ODI. The correlation

between the NDI and ODI was not analyzed as patients did

not typically complete both instruments during the same

office visit (see Table 3).
Discussion

This study demonstrated strong responsiveness of the

PROMIS PF CAT, PROMIS PI CAT, NDI and ODI in a

population of patients visiting spine specialists at a univer-

sity clinic. Past research using a reliable change index cal-

culated from the scale’s standard error of measurement

found that the PROMIS PF and PI short forms had adequate

sensitivity to change [40]. Yet the responsiveness of the

PROMIS Pain Interference (PI) short-form was lower than

for other pain instruments in a musculoskeletal pain group
[41]. The current study shows a strong effect for the

PROMIS PI CAT in detecting change in spine patients,

though it was not compared directly to other pain instru-

ments. The responsiveness of the NDI has been called into

question in past research [19] and the ODI has shown good

responsiveness and fair psychometric properties in the past

[20�23], yet both showed strong responsiveness in this

spine clinic population. Additionally, this study is the first

to demonstrate the responsiveness of the PROMIS PF CAT

and PROMIS PI CAT in a spine patient population.

There are factors related to the nature of medical visit

follow-up that are potential limitations, given that patients

who return for follow-up care may have needs and condi-

tions that differ from the full population of spine patients.

The sample analyzed might not be representative of the US

population demographics as a whole, and might not be gen-

eralizable beyond the sample characteristics. Despite limi-

tations in sample characteristics and follow-up conditions,

this sample is typical of patients seen in spine clinics in the

region and can be generalizable to similar clinical practices.

Future research should examine the responsiveness of these

instruments across other patient populations. Additionally,

because we were not able to stratify the results by age, pro-

cedure code or diagnosis due to limited sample size per pro-

cedure, we plan to return to this topic and examine the

responsiveness of these instruments for specific diagnostic

conditions in the future when data are available.

Conclusions

Each analytical method to examine responsiveness has

different strengths in measuring the sensitivity to change of

the PRO instruments. The present analysis of change was

based on the response to a GRC anchor question. The GRC

rely on patient retrospection and can be subject to recall

bias, even though it represents the patients’ perspective on

meaningful change. The calculation of mean change scores

reflect patient reports of pain and function both at baseline

and follow-up visits, and are less subject to recall bias. This

study included distribution-based internal responsiveness

analysis as well as the external anchor-based responsive-

ness to provide a comprehensive assessment of instrument

responsiveness in this population. The PROMIS PF,

PROMIS PI, NDI, and ODI all showed high responsiveness

to change, large effect sizes, and significant differences in

mean change scores. The current study included t tests,

SRM and ES as three different methods of testing for

responsiveness and found substantial agreement across

these methods and across time-points used for follow-up.

These findings provide confidence in using these four meas-

ures to evaluate treatment related changes in patient condi-

tion for spine practices.
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