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Abstract

Background Context: When different health care providers use different patient-reported 

outcome (PRO) instruments, it is challenging to integrate findings that describe particular patient 

groups or to establish treatment effectiveness across studies. It is therefore critical to develop 

accurate ways to convert scores between various instruments for clinicians and researchers to 

make comparisons across health outcomes.

Purpose: To develop a common metric so that scores on the Oswestry Disability Index (ODI) 

and scores on the PROMIS Physical Function can be converted interchangeably.

Study Design/Setting: Data were collected from a prospective study. A single-group linking 

design was used.

Patient Sample: The study population included 9020 patients presented to an orthopedic spine 

clinic from November 2013 to March 2019.

Outcome Measures: Patients completed the ODI and the PROMIS Pain Interference scale 

delivered by Computerized Adaptive Testing (CAT) at the same time prior to their visit with a 

spine clinician.

Methods: Equipercentile linking methods based on log-linear smoothing approach and non-

smoothing approach were used to establish a common metric across the two measures.

Results: The two measures assess the similar construct of pain. The correlation between the 

scores of the ODI and the PROMIS PI was .81. The standardized Root Expected Mean Square 
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Difference (REMSD) values for gender, ethnic, and racial groups ranged from 3.55% to 4.81%. 

Hence, the assumptions for the equipercentile linking method were met. The crosswalk derived 

linked scores based on the log-linear smoothing method yielded small deviations (Δ = 0.09) from 

the observed scores. We then identified linked PROMIS-PI scores corresponding to the benchmark 

ODI scores for the five disability levels and for various categories of patients.

Conclusions: This study is the first to create crosswalks to interchangeably convert scores 

between the ODI to the PROMIS-PI in a large population of spine patients using the equipercentile 

linking method. The results of this study provide confidence in the validity and usefulness of the 

derived crosswalks based on the equipercentile linking approach. The crosswalks are helpful for 

comparing new and old studies on the two measures and identifying benchmark scores for various 

diseases and disability levels.
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INTRODUCTION

Clinicians and researchers use patient-reported outcome (PRO) instruments to gather reliable 

and valid information on patient experience and perspectives regarding their health.1 In 

orthopedic practice, several PRO instruments have been developed to understand patient 

disability, pain, and treatment response.2 When different health care providers use different 

PRO instruments, it is challenging to directly harmonize data that describe particular patient 

groups or to establish treatment effectiveness across studies. It is therefore critical to develop 

accurate ways to convert scores between various instruments to aid a cooperative research 

activity in which clinicians and researchers can aggregate existing data across cohorts and 

projects and expand measurement coverage.

A methodology known as “scale alignment” or “linking” is a comprehensive tool to facilitate 

the harmonization of data across studies by converting scores across instruments.3 Linking 

methods may be based on item response theory (IRT), equipercentile linking with different 

smoothing approaches, and prediction based on regression. A few researchers in orthopedics 

have applied these techniques to link instruments such as physical function and pain.4–7

The Oswestry Disability Index (ODI) is a widely used spine-specific PRO instrument in 

orthopedics to assess disability related to back pain and functional improvement from 

treatment.8 The Patient Reported Outcomes Measurement Information System® (PROMIS®) 

is a standard set of outcome measures in health care supported by the National Institutes of 

Health (NIH) beginning in 2004.9 PROMIS is a PRO system of instruments that measure 

domains of overall well-being, such as physical, mental, and social health across many 

diseases.10,11 The computerized adaptive testing (CAT) option of PROMIS contributes to 

high levels of accuracy with reduced patient burden and efficiency of its usage in clinical 

practice by tailoring relevant questions to each patient and reaching adequate accuracy with 

a shorter test length.10,11
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Compared to the ODI, the PROMIS CAT has better coverage of the full range of pain and 

function, while taking less time to administer and having less associated patient burden.12,13 

One of the most relevant PROMIS domains to the ODI and the spine patients is the Pain 

Interference domain. Most patients visit the clinic complaining of pain due to spine 

problems, and previous studies found strong correlation between the ODI and PROMIS-Pain 

Interference (PROMIS-PI),13–15 indicating the two scales may capture similar constructs. 

Given the widespread usage of the ODI and the efficiency of PROMIS, and the conversion at 

many centers to preferentially collect PROMIS CATs due to reduced patient burden, there is 

value in linking scores of the two measures and creating a score conversion table. It would 

help the clinical and research community to increase flexibility in data collection by 

allowing either measure to be used, compare spine patient outcomes in centers that have 

historically captured scores of one measure and have recently converted to the other measure 

and, importantly, facilitate accurate comparison of results across studies that have used 

either ODI or PROMIS to describe spine patient population outcomes. The purpose of the 

present study is to create a common metric (i.e., crosswalks) for conversion of scores 

between the ODI and the PROMIS-PI for an orthopedic spine care population.

METHODS

Data Collection

This study was approved by an University Institutional Review Board. The ODI and 

PROMIS-PI were administrated via iPad tablets to consecutive patients presenting for spine 

care at the University Orthopedic Center prospectively from November 2013 to March 2019. 

Prior to their visit with a spine clinician, patients completed demographic questions, the ODI 

and the PROMIS-PI as a part of the standard clinical care protocol. Nearly 99% of the 

patients completed the questionnaires with the rest of the patients refused to complete the 

questionnaires as part of the standard care. The patient sample possessed a wide range of 

spinal disorders including vertebral fractures, neck pain, spondylitis, kyphosis, spinal 

stenosis, spina bifida, and back pain.

Description of Instruments

The ODI has 10 patient-completed questions in which the response options are presented as 

6-point Likert scales. Scores range from 0% (no disability) to 100% (most severe disability). 

We followed the ODI scoring manual that if one section/item is missed (or not applicable) 

for a patient, this item will be excluded from the total score. The PROMIS-PI v1.1 CAT has 

a 40-item bank with individually validated and calibrated items regarding how pain 

interferes with daily activities. Its CAT administration selects the next item based on 

patients’ responses to previous items. Item response theory (IRT) is used to score each 

patient’s responses and estimate scale scores. The scale scores are standardized in T scores 

(Mean = 50; standard deviation [SD] = 10) based on a general population.10,11 Lower scores 

on the PROMIS-PI are indicative of less pain interference. In this study, the PROMIS-PI T 

scores were rounded to the nearest integer in order to match the increment of the ODI score 

for the calculation of percentile ranks.
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Analytical Approach

We applied the equipercentile method to link the scale scores of the two measures for 

patients who experienced back pain and visited a university clinic at least once. Appendix 1a 

shows the frequency of visit numbers for the patients involved in this study. As the number 

of visits are unbalanced within the sample, we decided to randomly choose one visit for each 

participant to form the analytical sample. The distribution of time points selected in analysis 

can be found in Appendix 1a. We further analyzed and confirmed that the crosswalk linking 

results were consistent across time points, which allowed us to randomly pool time points 

for each patient.

The equipercentile approach aligns total scores or scale scores of the two measures with the 

same percentile ranks to establish a nonlinear linking relationship.16 The prerequisite 

assumptions for the equipercentile linking are: the similar content of the two measures; a 

high correlation between the scores of the two measures; the population invariance across 

subgroups.

Using the equipercentile method to directly link scores may not be sufficiently precise 

because of sampling or measurement error inherited in score distributions of the two 

measures. In other words, the responses of some patients in the sample might not be 

representative of those of the target population so that their scores may not follow the score 

distribution of the target population. The existence of sampling or measurement error may 

lead to irregular and unsmoothed patterns on the score distribution. To minimize its impact, 

we needed to smooth the score distribution. In this study, we used the polynomial log-linear 

smoothing technique which is widely used to smooth score distributions,17,18 and compared 

its results with the non-smoothing approach, which directly links the two score distributions 

without smoothing. We then evaluated the linking effectiveness by comparing the linked 

scores computed by each method with observed scores in terms of Pearson product-moment 

correlations, the mean and standard deviation (SD) of the differences between scores. We 

also plotted both linked and observed scores to graphically illustrate their deviations at each 

score point.

RESULTS

The study population included 9020 patients with a mean age of 56.5, 51.6% female (Table 

1). One hundred and fifty-six patients (1.7%) did not fully complete both measures, leaving 

8864 patients as the final sample size for linking (Table 2). Fewer than 2.5% of patients 

received the highest or lowest possible ODI score and observed PROMIS-PI score. To test 

linking assumptions, we first inspected the contents of the two measures. The ODI mainly 

evaluates patients’ levels of back or leg pain, and the PROMIS-PI measures patients levels of 

pain. Both instruments focus on how much the pain levels may impact patients’ ability to 

manage in everyday living functions. Along with the strong correlation between the two 

measures, this supports the assumption that the two measures are assessing the similar health 

outcome. As shown in Figure 1, the ODI and PROMIS-PI scores are positively correlated, 

and the Spearman’s correlation proves the strong correlation (= 0.81). The standardized Root 

Expected Mean Square Difference (REMSD) was used to evaluate population invariance 

across subgroups. Linking experts recommended using values of less than 8% of SD to 

Tang et al. Page 4

Spine J. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



support subgroup invariance.19 In this study, the REMSD is 3.80% for gender groups (i.e., 

Male and Female); 4.81% for ethnic groups (i.e., Hispanic and not Hispanic); 3.55% for 

racial groups (i.e., Other and White or Caucasian). Based on all the above results, the 

assumptions for the equipercentile linking are met in this study.

We examined score distributions of the two measures (Figure 2). Although both score 

distributions are generally normal, there are irregular patterns at some score points. To 

reduce the impact of these irregularities on the linking relationship, it is necessary to smooth 

their score distributions before linking them. To achieve this, we first fit polynomial 

functions to the log of the score distribution of each measure. Second, we followed linking 

experts’20 suggestions on the likelihood ratio chi-square test results for model comparison 

and the differences between the fitted and the raw distribution to select the appropriate 

polynomial degree of smoothing for each measure. We then linked the two smoothed score 

distributions based on the equipercentile linking procedure. For comparison, we also linked 

the two unsmoothed score distributions.

The two linking function graphs (left panel in Figure 3) show a consistent trend, but the log-

linear smoothing approach yields a smooth, less choppy function than the unsmoothed 

linking function. The smooth log-linear function helps to eliminate the impact of sampling 

or measurement error. With regard to the linking standard error (right panel in Figure 3), 

although the log-linear smoothed function had a relatively high standard error at a low score 

point, it yielded smaller standard error across the entire score range compared with the 

standard error of the unsmoothed linking function. The high standard error associated with 

the low score point is probably due to the small number of patients reporting very low 

scores.

We found that the correlation, mean difference, and SD of difference between observed and 

crosswalk derived scores are very similar for the non-smoothing and smoothing methods 

(Table 3). The strong correlations indicate the consistency between the observed and linked 

scores. The small mean differences and similar SDs of difference also speak to the validity 

and effectiveness of the crosswalk tables. We also found adequate equivalence between the 

crosswalk-derived PROMIS-PI scores and the observed mean scores at each ODI score point 

(Figure 4), which further suggests the effectiveness of the crosswalks.

Considering the small linking standard error and the small deviations of the linked scores 

from the observed scores, we created crosswalks based on the log-linear smoothing method. 

In addition to the ODI to PROMIS-PI crosswalk, we also created the PROMTS to ODI 

crosswalk. Both crosswalks are presented in Appendix 1b. The crosswalks allow us to 

interpret PROMIS-PI scores based on the benchmark ODI scores for the five disability 

levels8 proposed by the authors of the ODI as shown in Table 4. Moreover, another ODI cut-

off score of 40%, which can be converted to a PROMIS-PI score of 65.4, is used to divide 

patients into having a low or high ODI score.21 Finally, we converted the weighted ODI 

mean scores for various categories of patients, which were calculated from pooled data for a 

systematic review of the ODI studies by Fairbank and Pynsent,8 to the PROMIS-PI scores 

(Table 5).
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DISCUSSION

The ODI, a disease-specific measure, and PROMIS-PI, a generic health outcome measure, 

are both commonly used scales to assess levels of pain and function for spine patients and 

further evaluate orthopedic treatment. Due to the increasing usage of both measures and 

their similarities, it is beneficial to connect the two common measures and make their scores 

comparable. This study successfully linked the scores of the two measures and created 

crosswalks for the conversion of their scores. The crosswalks would help clinicians and 

researchers to identify an equivalent score between the two measures for spine patients. 

Moreover, as the ODI has been used longer than PROMIS-PI for spine patients, the 

crosswalks can be used to integrate PROMIS PI studies with previous ODI studies. Linking 

two measures is not meant to suggest the superiority of one measure over another but rather 

that they can be treated as interchangeable. The crosswalk table provides the interpretability 

of both measures on a common metric for further group-level analysis and the flexibility of 

using either measure. For example, researchers can use this crosswalk to compute clinically 

critical values of each measures based on the reference values of the other measure. For 

clinicians who want to harmonize existing data for a prospective data collection purpose and 

for an integrative data analysis, the crosswalks can provide scores for both measures with 

collecting data of only one measure.

The linking between the two scales met the conceptual and statistical assumptions for the 

linking analysis. Before linking the scores, we used the log-linear smoothing method with 

appropriately selected polynomial degree to smooth the two score distributions. Then we 

applied the equipercentile approach to link the smoothed and unsmoothed score distributions 

of the two measures, respectively. After comparing the two approaches through a series of 

statistical modeling, we decided to use the polynomial log-linear smoothing approach to 

create the bidirectional crosswalks (ODI to PROMIS vs PROMIS to ODI). The effectiveness 

of the crosswalks was supported by the consistency between the crosswalk derived and 

observed scores. According to previous studies on the psychometric properties of the ODI, it 

tends to have ceiling and floor effect, which may limit differentiation within patients at 

extremely high and low disability, respectively.22 However, in the current study sample, the 

ceiling (0.01%) and floor (1.86%) effect was small probably due to a very large sample size. 

Hence, the ODI had a better coverage of the extreme scores in this linking study.

This study also provides the corresponding PROMIS-PI scores for the benchmark ODI 

values of various disability levels and the mean ODI scores of various spine diseases. These 

linked PROMIS-PI scores would inform clinicians and researchers who use PROMIS-PI 

about the critical values from historical spine studies or clinical practices. Finally, this study 

has examined the consistency of linking relationships across multiple time points and 

included data of each time point into analysis. Hence, the crosswalks created from the 

linking function of this study have taken the longitudinal effect into account, providing 

sufficient justification for their usefulness.

Despite the strength and value of the present study to researchers and clinicians, there are 

some limitations. First, we did not use a nationally representative sample of the US 

population; all participants in this study were spine patients. But the ODI is mainly used to 
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collect information from spine patients so it is reasonable to build the linking relationship 

between the two measures for this specific patient population. While there is some evidence 

that linking relationships for patient-reported pain interference replicate across different 

patient populations,23 we caution users against using these crosswalks for other patient 

groups. Second, the sample in this study is a mix of patients receiving various medical 

treatments in the spine clinic. Future research can be conducted to examine whether the 

treatment effect or the various spine disease levels may impact the linking relationship. 

Third, the data collection of this study is completed in a single center. It might be impacted 

by factors specific to the local area, diversity of patients and the community. However, as the 

analytical sample size of this study is very large (N = 8864), it should to some extent 

represent the spine patients in similar clinic practices. Fourth, although the effectiveness of 

the crosswalk table has been verified by the consistency of observed and crosswalk-derived 

T scores, a future study may use another sample to verify the external validity of this 

crosswalk table. Fifth, this study applied the commonly used polynomial log-linear 

smoothing method. Other smoothing methods (e.g., kernel equating method) can be further 

explored and used to conduct the equipercentile linking. Finally, to compute a conversion 

table or to verify the current crosswalk tables, a future study may use a proportion of the 

sample data to develop a model to predict the PROMIS PI scores based on the ODI scores 

and then use the remaining data to validate the model. Another similar and promising 

method is calibrated projection,24 which applies a two-dimensional IRT model to responses 

of the two measures and projects scores of one dimension to the other.

To our knowledge, this study is the first to create crosswalks for the conversion of scores 

between the ODI and the PROMIS-PI in a large population of spine patients. The results of 

this study provide confidence in the effectiveness and usefulness of the derived crosswalks 

based on the equipercentile linking method. The crosswalks are helpful for comparing new 

and old studies on the two measures and identifying benchmark scores for various diseases 

and disability levels for spine patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ODI Oswestry Disability Index
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PRO Patient-Reported Outcome

PROMIS Patient-Reported Outcomes Measurement Information System

REMSD Root Expected Mean Square Difference

SD Standard Deviation
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Figure 1. 
The scatterplot for the ODI and PROMIS-PI scores among the analytical sample
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Figure 2. 
The score distributions of the ODI and PROMIS-PI among the analytical sample
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Figure 3. 
The linking functions and linking standard errors of the log-linear smoothing method (upper 

panel) and the non-smoothing method (bottom panel).
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Figure 4. 
The difference between the actual mean PROMIS-PI scores and the crosswalk derived 

PROMIS-PI scores. Upper panel: the log-linear presmoothing approach; Bottom panel: the 

non-smoothing approach.

Note. The solid line represents the crosswalk derived PROMIS-PI scores, the dots represent 

the actual mean PROMIS-PI scores at each ODI score, and the distance between the solid 

line and each dot refer to the residuals.
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Table 1

Demographics

Variables Number

Sample Size 9020

Age at visit (mean +− SD, range) (yr) 56.5 ± 16.8, 11.1-98.5

Female (%) 51.6%

Race(%)

 American Indian and Alaska Native 0.8%

 Asian 1.2%

 Black or African American 1.1%

 Native Hawaiian and Other Pacific Islander 0.4%

 Other 5.8%

 Patient Refused 0.8%

 Unknown 0.03%

 White or Caucasian 89.7%

 NA 0.2%

Ethnicity

 Hispanic/ Latino 6.3%

 Not Hispanic/ Latino 92.4%

 Patient Opts Out 1.0%

 Unknown/ Information Not Available 0.02%

 NA 0.3%
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Table 2

Descriptive Statistics for the Two Measures for the Selected Sample

ODI PROMIS-PI

Sample Size 8864 8864

Mean 34.3 62.3

Median 32 63

SD 18.7 7.8

Minimum 0 39

Maximum 100 84

Interquartile range [20, 48] [57, 67]
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Table 3

Comparison Between the Non-Smoothing and Log-Linear Smoothing Technique

Method Correlation Mean Difference SD

Log-linear Smoothing 0.80 0.09 4.93

Non-smoothing 0.81 −0.03 4.82
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Table 4

Disability Levels, the Corresponding ODI Scores and Linked PROMIS-PI Scores

Category ODI Crosswalk Derived PROMIS-PI score

Minimal disability 0-20 38.7-57.2

Moderate disability 21-40 57.7-65.4

Severe disability 41-60 65.7-71.5

Crippled 61-80 71.9-78.8

Completely bedbound 81-100 79.3-84.4

Note. The categories and the ODI scores were extracted from Fairbanks and Pynsent.1
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Table 5

The Weighted Mean ODI Scores of Various Spine Diseases and Their Linked PROMIS-PI Scores

Category Mean ODI Score Crosswalk Derived PROMIS-PI Score

“Normal” population 10.19 52.7

Pelvic fractures 13.26 54.1

Idiopathic scoliosis 13.81 54.6

Neck pain 21 57.7

Spondylolisthesis 26.63 60.3

Primary back pain 27 60.3

Psychiatric patients 30.8 62.0

Neurogenic claudication 36.65 64.3

Chronic back pain 43.3 66.4

PID/Sciatica 44.65 67.0

Fibromyalgia 44.83 67.0

Metastases 48.04 67.9

Note. The categories and the ODI scores were extracted from Fairbanks and Pynsent.1 The crosswalk derived PROMIS-PI scores were selected 
corresponding to the nearest ODI integer score. Linearity is assumed for this conversion of the means.
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