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Abstract
Purpose  The primary purpose was to examine the measurement properties of the PROMIS-29 to better understand its use 
in patients undergoing spine surgery. A secondary objective was to calculate a predictive equation between PROMIS-29 and 
ODI, to allow clinicians and researchers to determine a predicted ODI score based on PROMIS short form scores.
Methods  719 patients with PROMIS v2.0 and ODI responses were queried from the quality outcomes database. Validity was 
assessed using coefficient omega, ceiling/floor effects, and confirmatory factor analysis. Multivariable regression predicting 
ODI scores from PROMIS-29 domains was used to create a predictive equation. Predicted ODI scores were plotted against 
ODI scores to determine how well PROMIS-29 domains predicted ODI.
Results  Results showed good reliability and validity of PROMIS-29 in patients undergoing lumbar spine surgery: convergent 
and discriminant validity, low floor/ceiling effects, and unidimensional domains. The conversion equation used 6 PROMIS-29 
domains (ODI% =  37.847− 1.475*[PFraw] + 1.842*[PAINraw] + 0.557*[SDraw] − 0.642*[SRraw] + 0.478*[PIraw] + 0.295* 
[DEPraw]). Correlation between the predicted and actual ODI scores was R = 0.88, R2 = 0.78, suggesting that the equation 
predicted ODI scores that are strongly correlated with actual ODI scores.
Conclusions  Good measurement properties support the use of PROMIS-29 in spine surgery patients. Findings suggest 
accurate ODI scores can be derived from PROMIS-29 domains. Clinicians who want to move from ODI to PROMIS-29 
can use this equation to obtain estimated ODI scores when only collecting PROMIS-29. These results support the idea that 
PROMIS-29 domains have the potential to replace disease-specific traditional PROMs.
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Introduction

Patient-reported outcome measures (PROMs) are important 
tools for evaluating the success of spine surgery [1]. Decid-
ing on the optimal PROMs remains an ongoing debate at 
the international and national level and at the local level 
for individual practices and surgeons. Although there are 
numerous reviews published on the topic of which PROMs 
best assess spine surgery outcomes, consensus still does not 
exist [2–9]. Important characteristics of PROMS include the 
need to cover the full spectrum of patient symptoms, sensi-
tivity to responder and administration burden, and ability to 
administer effectively through multiple mediums including 
phone, tablet, or email. Most reviews recommend using vari-
ous outcome domains including physical function, pain, and 
quality of life [3, 9]. The Oswestry Disability Index (ODI) is 
one of the most commonly collected and reported PROMs 
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for assessing functional status in patients undergoing spine 
surgery. The ODI is one of the core measures used by vari-
ous spine societies, such as Eurospine COMI [10], AANS 
[11], NASS [12], and ICHOM [13, 14] and also used in 
randomized clinical trials [4, 15, 16], everyday physician 
practice [17, 18], and in spine registries [19–22]. In a 2015 
review of 22 spine registries representing 14 countries, the 
ODI was identified as the primary functional status measure 
in 18 registries [13].

The ODI has demonstrated responsiveness in spine sur-
gery populations and has an established minimally clinically 
important difference (MCID) [18]. Responder burden is rela-
tively low and it is simple and easy to score [9]. However, 
the ODI has been shown to have a large floor effect result-
ing in better distinction between degrees of functioning at 
above-average disability levels compared to patients with 
lower disability [23, 24]. There have been inconsistent find-
ings regarding the unidimensionality of the ODI [25]. In 
a study comparing the responsiveness of ODI to a general 
health measure (SF-36), results demonstrated that a general 
health measure (SF-36) was just as responsive to change as 
the ODI, which is disease specific.

The Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS) tools offer an alternative to the 
ODI and other legacy measures utilized by clinicians and 
researchers. The National Institutes of Health (NIH) Task 
Force on Research Standards for Chronic Low Back Pain 
has recommended using several of the PROMIS domains 
as part of the standards for research on chronic low back 
pain [26]. PROMIS offers many benefits: it is easily acces-
sible, free, includes multiple individual domains, and two 
modes of delivery including computer adaptive tests (CAT) 
and short forms which both provide t-scores that allow for 
easy comparisons to population averages [26, 27]. While 
CATs have been shown to increase precision of responses, 
the PROMIS-29 Health Profile (PROMIS-29) is a multidi-
mensional scale comprised of several PROMIS short form 
domains. The PROMIS-29 is useful in situations where 
completing the measure on an internet enabled device is 
not feasible. PROMIS measures also allow for patients to 
be compared across pathologies when the same domain is 
collected.

Since PROMIS measures are not condition-specific, 
researchers and clinicians have been hesitant to incorpo-
rate them in place of common legacy measures such as the 
ODI. One barrier to using PROMIS is the lack of established 
MCIDs for spine populations, including spine surgery [28, 
29]. A second barrier is that switching to PROMIS does 
not allow outcomes to be directly compared to previously 
collected ODI scores. Recent studies have focused on com-
paring PROMIS to ODI and other legacy measures to better 
understand its utility for patients undergoing spine surgery. 
Several studies have found strong correlations between CAT 

physical function and CAT pain interference and the ODI 
[30–33] and one proposed a conversion equation between 
the CAT physical function T score and the ODI [33]. How-
ever, studies have not evaluated the psychometric proper-
ties of the PROMIS short forms or correlated them with 
the ODI. Thus, the two aims of the current study are (1) 
evaluate the internal consistency, interpretability, construct 
validity, and structural validity according to the COSMIN 
guidelines [34] of the PROMIS-29 in patients undergoing 
spine surgery to further justify the use of the PROMIS-29 
in this population, and (2) compare the short forms of the 
eight domains included in the PROMIS-29 to the ODI and 
compute a conversation equation. This equation will allow 
clinicians and researchers to determine a patient’s likely ODI 
score based on their PROMIS short form score.

Methods

Data source: quality outcomes database (QOD)

The Quality Outcomes Database (QOD) is a prospective 
registry into which patients have been enrolled since 2012 
[11, 35]. It is designed to evaluate risk-adjusted expected 
morbidity and 12-month outcomes with the aim of improv-
ing efficiency and quality of care for the most commonly 
performed spinal surgical procedures [36]. The QOD project 
is designated as a non-research, clinical quality improvement 
effort and based on existing federal guidelines exempted 
from IRB review. Patient demographics, history, and clinical 
characteristics were collected at baseline. Surgery informa-
tion, postoperative complications, and readmissions were 
collected 3 months after surgery, while PROMs were longi-
tudinally collected at baseline, 3-month, and 12-months via 
online survey or phone interview. All data are collected by 
an independent data coordinator not involved with clinical 
care [11]. Within sites, patients are enrolled either continu-
ously or on a prespecified rotating cycle ensuring unbiased 
enrollment into the registry [11]. For the purposes of this 
analysis, we queried the QOD registry for patients who had 
both PROMIS and ODI responses. ODI has been collected 
since the registry’s inception in 2012. PROMIS-29 has 
been recently added to QOD as an optional PROM as of 
2018. Since August 2018, 14 of 75 sites added the optional 
PROMIS-29 survey to their battery of PROMs.

Inclusion and exclusion criteria

Patients undergoing lumbar spine surgery performed for 
a diagnosis of primary stenosis, spondylolisthesis, disc 
herniation, symptomatic mechanical disc collapse, and 
pseudarthrosis including recurrent same-level disc her-
niation and adjacent-segment disease were eligible for 
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inclusion. Exclusions included spinal infection, tumor, 
fracture, traumatic dislocation, neurological paralysis due 
to preexisting spinal disease or injury, less than 18 years of 
age, and incarceration. Patients who didn’t have both ODI 
and PROMIS-29 at one time point were also excluded.

Measures

The PROMIS-29 (v2.0) is a collection of short forms 
from seven PROMIS domains including physical function, 
depression, anxiety, fatigue, sleep disturbance, participa-
tion in social roles and activities, and pain interference 
[37, 38]. Each domain in the PROMIS-29 has 4 items rated 
on a 5 point scale. There is also one pain intensity item 
rated from 0 “no pain” to 10 “worst pain imaginable.” 
PROMIS-29 domains have demonstrated strong correla-
tions (0.83 to 0.90) with the full PROMIS domain item 
banks [38–45].

The Oswestry Disability Index (ODI) assesses change 
in functional status of adults with low back pain [46]. The 
ODI contains ten pain-related questions scored from zero 
(no pain) to five (most severe pain). Scores are expressed 
as a percentage of total points, with ≤ 20% indicating mini-
mal disability, 21–40% moderate disability, 41–60% severe 
disability, 61–80% crippled, and 81–100% completely bed-
bound [46].

Statistical analysis

Patient demographics and baseline characteristics were 
reported. Descriptive statistics of the ODI and PROMIS-29 
domains were computed. Per PROMIS-29 scoring instruc-
tions, patients were required to have all items answered to 
obtain a score on that domain, resulting in 3% of PROMIS 
scores being excluded [38]. Patients also had to have at 
least 6 ODI items completed to be included in the analy-
sis. After meeting this requirement, missing responses for 
included patients were treated with person-mean impu-
tation [47]. PROMIS-29 T scores, derived from the raw 
scores and population norms, provide a reference for the 
current sample in comparison to the general population 
(more information on the T score metrics and normative 
populations can be found on the website (http://www.healt​
hmeas​ures.net/score​-and-inter​pret/inter​pret-score​s/promi​
s). Following the standard of the PROMIS validation stud-
ies, PROMIS raw scores were used instead of T score for 
all correlations and regression [48, 49]. Data were evalu-
ated for outliers and missing data. SPSS v25 was used for 
the descriptive statistics and prediction models. The lavaan 
package (v0.6-3) for R was used for the confirmatory fac-
tor analysis [50].

Internal consistency, interpretability, and construct 
validity

To assess the reliability of the domains, coefficient omega, 
a composite reliability, was used because it does not 
assume tau-equivalence or uncorrelated error variances 
[51]. Interpretability was assessed via evaluation of the 
ceiling and floor effects via reporting the proportion of 
patients who obtained the minimum and maximum scores 
for each PROMIS-29 domain and the ODI. Convergent 
and discriminant validity were used to assess construct 
validity. Specifically, we tested whether the ODI was more 
strongly correlated with domains conceptually related to 
it (convergent validity) and less strongly correlated with 
domains from which the ODI was conceptually different 
(discriminant validity) [52]. Using Bivariate Spearman’s 
correlations, the ODI was expected to correlate more 
strongly with physical function (strong negative correla-
tion), pain interference (strong positive correlation), and 
pain intensity (strong positive correlation) demonstrating 
convergent validity than with anxiety, depression, and 
fatigue (all moderate positive relationships), which would 
demonstrate discriminant validity [53]. The effect sizes for 
correlation coefficients were small = 0.1 to < 0.3, moder-
ate = 0.3 to <0.50, and large ≥ 0.5 [54].

Structural validity

Confirmatory factor analysis (CFA) was used to confirm 
structural validity. DWLS estimation was used to test the 
goodness of fit between the hypothesized model and the 
data set. The hypothesized model included each of the 
four items making up each domain loading only on their 
respective domain. Goodness of fit was assessed with 
Standardized Root Mean Square Residual (SRMR), Root 
Mean Square Error of Approximation (RMSEA), Compar-
ative Fit Index (CFI), and adjusted chi square (χ2/df). The 
maximum cutoff values for the SRMR and RMSEA are 
0.08 and 0.06, respectively, and the minimum cutoff values 
for the NNFI and the CFI are 0.95 to conclude a good fit 
between the model and the data [55]. The critical value 
for the adjusted chi square is < 3.00. Average variance 
explained (AVE), which should be above 0.50, and maxi-
mum shared variance (MSV), which should be smaller 
than the composite reliability, were used to assess reli-
ability and discriminant validity of the CFA [56].  Stand-
ardized path coefficients (λ) < 0.50 were considered for 
removal from the final model. Modification indices were 
checked to be sure no item loaded strongly on another 
domain or that applying modifications would not improve 
overall model fit.

http://www.healthmeasures.net/score-and-interpret/interpret-scores/promis
http://www.healthmeasures.net/score-and-interpret/interpret-scores/promis
http://www.healthmeasures.net/score-and-interpret/interpret-scores/promis
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Prediction models

Relationships between the ODI and each PROMIS-29 
domain were linear, thus linear regression models were used 
to create predictive equations from the PROMIS regression 
coefficients and constants. Raw scores were used for the pri-
mary results but equations using T scores are presented in 
the Supplementary Material Table 1.

The first equation was derived from the prediction of ODI 
from only the Physical Performance PROMIS-29 score since 
previous studies have suggested the Physical Performance 
CAT can be used as an ODI proxy [33]. The second equa-
tion was derived using all the PROMIS-29 scores that sig-
nificantly predicted ODI in a multivariable regression. To 
confirm that non-significant factors excluded from the sec-
ond equation did not meaningfully contribute to the predic-
tion of ODI score, a third multivariable regression included 
using all eight PROMIS-29 domain scores and the change 
in R2 from the previous model was checked for statistical 
significance.

Residual distributions and normal probability plots were 
evaluated to ensure assumptions of the regressions were met. 
The unstandardized predicted ODI scores, derived from the 
regression equations, were plotted against the actual ODI 
scores to determine how well the PROMIS-29 domains pre-
dicted ODI scores. Scatterplots were color coded by time 
point and separate best fit lines added to show the predic-
tive ability of the regression equation at each timepoint. The 
final relationships, produced by the curve estimations, were 
also checked for linearity using curve estimation. The abso-
lute difference between the predicted and actual ODI score 
was computed and the percent of people within each 5 point 
increment of absolute difference reported.

Results

About half of the 719 patients were female (49.5%) and 
most were Caucasian (91%). The mean age was 61 years 
(SD = 14). 137 (19%) were having a revision surgery (19%) 
and baseline back and leg pain were 6.4 (SD = 2.5) and 6.3 
(SD = 2.6), respectively. Other sample demographics are 
shown in Table 1.

The means and standard deviations of the ODI and 
PROMIS domain scores are shown for each timepoint in 
Table 2. The mean ODI score was significantly lower at 
3 months compared to baseline (p < 0.001) and at 12 months 
compared to baseline (p < 0.001). There was no difference 
in ODI scores between 3 and 12 months (p = 0.110). For 
PROMIS domain scores, positively valanced (i.e., higher 
scores considered better) mean domain scores were sig-
nificantly higher at 3 months compared to baseline and 
negatively valanced (i.e., higher score is considered worse) 

mean domain scores were significantly lower at 3 months 
compared to baseline (p < 0.001). Mean differences between 
baseline and 12 months were also statistically significant 
(p < 0.001). No PROMIS-29 domain scores were sig-
nificantly different at 12 months compared to 3 months 
(p > 0.05). Based on the PROMIS-29 T scores at baseline, 
the current population shows moderate impairment for 
physical functioning and pain interference, and mild impair-
ment in fatigue, sleep disturbance, and participation in social 
roles. At follow-up time points, all PROMIS domains are in 
or very near normal limits.

Internal consistency, interpretability, and construct 
validity

As shown in Table 3, all ODI and PROMIS-29 domains 
demonstrated good internal consistency (coefficient 
omega > 0.84). Interpretability was assessed via evalua-
tion of the floor and ceiling effects. For the ODI, no patient 
had the highest possible score (ceiling effect) at any of the 
timepoints. Less than 1% of patients had the lowest possible 
score (floor effect) at baseline but 9–11% of patients had a 
floor effect at follow-up.

For the positively valanced PROMIS-29 domains, floor 
effects decreased and ceiling effects increased from base-
line to 3 and 12 months, indicating that fewer patients had 
the lowest (worst) possible score and more patients had the 
highest (best) possible score over time. In the negatively val-
anced domains, the opposite occurred. When the domains of 

Table 1   Respondent demographic and clinical characteristics 
(N = 719)

a Except where noted
b NRS scales measured on a 0 to 10 rating scale

n (%)a

Female 356 (49.5%)
Age, mean (SD) 61.0 ± 14.4
Caucasian 656 (91.2%)
Insurance
 Private insurance 325 (45.2%)
 Medicare/medicaid 342 (47.6%)
 Other 52 (7.2%)

Education: high school or less 294 (41.1%)
Employed 296 (41.3%)
Smoker 91 (12.7%)
Diabetes 141 (19.6%)
Depression 146 (20.3%)
Revision surgery 137 (19.1%)
Baseline back pain (NRS), mean (SD)b 6.4 ± 2.5
Baseline leg pain (NRS), mean (SD)b 6.3 ± 2.6
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the PROMIS-29 were considered together, no patient had a 
ceiling or floor effect at any timepoint.

Bivariate correlations between the ODI and the PROMIS 
domain scores are provided in Table 4 to assess the con-
struct validity. Convergent and discriminant validity were 
supported with correlations between the ODI and physical 
function (ρ = − 0.82), pain interference (ρ = 0.83), and pain 
intensity (ρ = 0.77) that were stronger in magnitude than the 
correlations between ODI and anxiety (ρ = 0.49), depres-
sion (ρ = 0.51), and fatigue (ρ = 0.55). The magnitude of 
the correlations of ODI with depression and fatigue were 
slightly stronger than expected (> 0.50). However, they were 
not as strong as the correlations between ODI and physical 
function and pain (≥ 0.77), which where hypothesized to be 
the strongest correlations. The pattern of correlations was 
consistent across baseline, 3 months, and 12 months with 
correlations at baseline generally smaller in magnitude than 
those at 3 and 12 months. The remaining two PROMIS-29 
domains of sleep disturbance and participation in social 
roles were also correlated with ODI although no specific 
expectations were set with regards to validity. All correlation 
coefficients were statistically significant (p < 0.001).

Structural validity

Fit statistics for the CFA revealed adequate fit with the data, 
χ2 (329) = 550.54, p < 0.001, adjusted χ2 (χ2/df) = 1.67, 
RMSEA = 0.029 (95% CI 0.025 to 0.034), SRMR = 0.029, 
CFI > 0.999. In addition, the standardized factor loadings 
(λ) were all greater than 0.76, p < 0.001, which is larger than 
our minimum cutoff of 0.50 (see Supplementary Material 
Table 2). Modification indices were not large (< 30) and 
applying them did not improve model fit. The AVE for each 
domain was greater than 0.62, which is larger than the mini-
mum cutoff of 0.50 showing that an adequate amount of var-
iation was explained by the items within each domain. Addi-
tionally, the CR was larger than the MSV for all domains 
demonstrating good model discrimination. Taken together, 
the results support excellent fit of the data to the hypoth-
esized model.

Prediction models

To create the predicted scores, three sets of regressions 
were performed (Table  5). In Model 1, PROMIS-29 

Table 2   Descriptive statistics of ODI and PROMIS-29 raw and T scores at each time point

Medians with IQR were also run for all scores due to non-normal distributions of some PROMIS domains (particularly anxiety and depression). 
Since median values were very similar to the means, the mean values are reported
All PROMIS domain are valanced according to the domain name such that a higher score is associated with more of what is being measured. As 
such, physical function and participation in social roles are positively valanced (higher scores considered better), and the rest of the scores are 
negatively valanced such that a higher score is considered worse
PROMIS T scores have a mean of 50 and a standard deviation of 10 in a referent population [38]. Scores 0.5–1.0 SD worse than the mean indi-
cate mild symptoms/impairment, while scores 1 to 2 SD worse than the mean indicate moderate symptoms/impairment, and scores 2 + SD worse 
than the mean indicate severe symptoms/impairment (http://www.healt​hmeas​ures.net/score​-and-inter​pret/inter​pret-score​s/promi​s)

Baseline (N = 320) 3 Months (N = 151) 12 Months (N = 89)

Mean SD Min Max Mean SD Min Max Mean SD Min Max

ODI score 45.4 16.2 0 87.5 25.6 18.6 0 76 21.6 17.7 0 65
PROMIS raw scores
 Physical function 9.9 3.7 4 20 15.0 4.3 4 20 15.3 4.1 5 20
 Anxiety 8.0 3.6 4 19 6.3 3.2 4 19 6.0 3.2 4 17
 Depression 7.1 3.7 4 20 6.2 3.3 4 20 6.0 3.3 4 19
 Fatigue 11.4 4.2 4 20 9.2 4.0 4 20 9.2 4.2 4 20
 Sleep disturbance 12.5 3.7 4 20 10.2 3.9 4 20 10.1 3.9 4 19
 Participation in social roles 10.3 4.0 4 20 14.3 4.5 4 20 15.2 4.1 4 20
 Pain interference 15.3 3.8 4 20 9.4 4.7 4 20 9.0 4.2 4 20
 Pain intensity 6.8 1.9 0 10 3.2 2.5 0 9 3.4 2.6 0 9

PROMIS T Scores
 Physical function 34.0 5.7 22.9 56.9 42.7 8.4 22.9 56.9 43.5 8.6 26.9 56.9
 Anxiety 53.8 9.4 40.3 77.9 48.4 9.4 40.3 77.9 47.4 9.2 40.3 73.3
 Depression 50.9 9.4 41.0 79.4 48.2 8.9 41.0 79.4 47.2 8.9 41.0 75.7
 Fatigue 55.0 9.7 33.7 75.8 49.6 10.3 33.7 75.8 49.7 10.3 33.7 75.8
 Sleep disturbance 55.1 7.9 32.0 73.3 49.9 9.3 32.0 73.3 49.7 8.9 32.0 68.8
 Participation in social roles 42.2 7.5 29.0 64.1 50.0 9.4 29.0 64.1 51.7 8.8 29.0 64.1
 Pain interference 66.3 6.6 41.6 75.6 55.8 9.6 41.6 75.6 54.9 8.8 41.6 75.6

http://www.healthmeasures.net/score-and-interpret/interpret-scores/promis
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physical function was a strong predictor of ODI 
(Beta = − 3.4, SE = 0.90, p < .001). The R value was 
0.81 with an adjusted R2 = 0.65. In Model 2, six of the 
PROMIS-29 domains significantly predicted ODI with 
physical function and pain intensity being the strong-
est predictors. Model 2 (adjusted R2 = 0.78, R = 0.88) 
had a significantly higher R2 (∆R2 = 0.13) than Model 1, 
p < 0.001.

Results show no discernable contributions of anxiety and 
fatigue to the overall model (∆R2 < 0.001). Therefore, two 
predictive equations were created for ODI using (1) only 
physical function (PF) (ODI% = 77.931 − 3.423*[PFraw]) 
and (2) the six PROMIS-29 domains of physical function, 
pain intensity (PAIN), sleep disturbance (SD), participation 
in social roles (SR), pain interference (PI), and depression 
(DEP) (ODI% = 37.847 − 1.475*[PFraw] + 1.842*[PAIN-
raw] + 0.557*[SDraw] − 0.642*[SRraw] + 0.478*[PIraw] + 0
.295*[DEPraw]). Predictive equations were also computed 
using the T scores and are shown in Supplementary Mate-
rial Table 2.

The predicted ODI scores were generated and plotted 
against the actual ODI scores for Model 1 and Model 2 
(Fig. 1). To evaluate the predictive equation at each time 
point, the scatterplots have a separate symbol for each time-
point and include best fit lines for baseline, 3-months, and 
12-months. The linear R and R2 values are presented in 
Fig. 1.

The absolute difference between the ODI score and 
the predicted ODI scores for Model 1 (Median = 7.8, IQR 
3.9–12.8) and Model 2 (Median = 5.8, IQR 2.6–10.3) were 
calculated. Table 6 shows the cumulative frequency and per-
cent of the absolute differences between predicted and actual 
ODI scores for Model 1 and Model 2 in five-point incre-
ments. In Model 2, 43% of patients had predicted ODI scores 
that were within 5 points of the actual ODI scores and 74% 
of patients were within 10 points on the ODI. Model 1 was 
somewhat worse, with 33% of patients having predicted ODI 
scores that were within 5 points of the actual ODI scores and 
64% of patients were within 10 points on the ODI.

Discussion

The first aim was to evaluate the internal consistency, inter-
pretability, construct validity, and structural validity of the 
PROMIS-29 in patients undergoing spine surgery to further 
justify the use of the PROMIS-29 in this population. The 
second aim was to compare the short forms of the 8 domains 
included in the PROMIS-29 to the ODI and compute a 
conversation equation to allow clinicians and researchers 
to determine a patient’s likely ODI score based on their 
PROMIS short form score.Ta
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Aim 1

The PROMIS-29 displays good internal consistency, inter-
pretability, construct validity, and structural validity in the 
current sample. Previous reviews of PROMs for lower back 
pain have suggested that PROMIS measures be further 
investigated in samples of patients with lower back pain 
including head-to-head comparisons of measurement prop-
erties of PROMIS and legacy measures such as the ODI [4]. 
Additionally, a recent review highlights the need to evaluate 
the validity of the PROMIS short forms, specifically, the 

physical function domain in patients with lower back pain 
(LBP) [25]. In the current study, coefficient omega values 
ranged from ω = 0.84 to ω = 0.97, which are considerably 
above the generally accepted lower reliability limit of ω = 
0.70 and similar to reliability reported for the PROMIS-29 
in other samples [57]. The ceiling and floor effects within 
domains are reasonable when accounting for the fact that 
each dimension has only 4 items and similar to another study 
reporting floor and ceiling effects for the PROMIS-29 in 
a kidney transplant sample [57]. There were no ceiling or 
floor effects when all PROMIS-29 domains were considered 

Table 4   Spearman’s 
correlations between ODI and 
PROMIS-29 domain raw scores 
(N = 719)

a 56 patients had responses at baseline and 3 months, resulting in a sample size for the full sample (N = 775) 
being higher than the number of patients (N = 719)
All p values < .001

ODI score

Full samplea Baseline 3 months 12 months

Physical function − 0.82 − 0.65 − 0.83 − 0.83
Anxiety 0.49 0.42 0.40 0.50
Depression 0.51 0.53 0.45 0.49
Fatigue 0.55 0.46 0.52 0.56
Sleep disturbance 0.59 0.48 0.59 0.62
Participation in social roles − 0.76 − 0.57 − 0.75 − 0.77
Pain interference 0.83 0.68 0.83 0.82
Pain intensity 0.77 0.51 0.77 0.78

Table 5   Multivariable 
regression models predicting 
ODI scores from PROMIS-29 
domains (N = 775)

56 patients had responses at baseline and 3 months, resulting in a sample size for the full sample (N = 775) 
being higher than the number of patients (N = 719). The combined data (over all three timepoints) were 
used because the predictive equations need to be usable regardless of when data are collected
a Constant coefficient. Model 1 root mean square error (RMSE) = 11.66. Model 2 RMSE = 9.25

Model Predictor R Adj R2 Beta SE p Partial correlation

1 Individual domain 0.806 0.649 77.931a

 Physical function − 3.423 0.090 < 0.001 − 0.806
2 Significant Domains 0.884 0.779 37.847a

 Physical function − 1.475 0.124 < 0.001 − 0.396
 Pain intensity 1.842 0.209 < 0.001 0.303
 Sleep disturbance 0.557 0.104 < 0.001 0.190
 Participation in social roles − 0.642 0.134 < 0.001 − 0.171
 Pain interference 0.478 0.156 0.002 0.110
 Depression 0.295 0.109 0.007 0.097

3 All domains 0.884 0.779 38.383a

 Physical function − 1.477 0.124 0.000 − 0.396
 Pain intensity 1.831 0.210 0.000 0.301
 Sleep disturbance 0.583 0.109 0.000 0.190
 Participation in social roles − 0.658 0.135 0.000 − 0.174
 Pain interference 0.491 0.157 0.003 0.112
 Depression 0.299 0.148 0.043 0.073
 Fatigue − 0.112 0.109 0.307 − 0.037
 Anxiety 0.056 0.144 0.699 0.014
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together meaning that no patient responded to every item on 
the PROMIS-29 with the worst or best possible answers at 
any timepoint. No ceiling or floor effects allow even patients 
who are less symptomatic to be distinguished over time. The 
floor and ceiling effects for the ODI were similar except 
that the ODI had about 10% of patients with floor effects 
at follow-up, meaning that less symptomatic patients can-
not be distinguished from each other after lumbar spine 
surgery when using only the ODI. Similar floor effects for 
the ODI have been reported [58]. The PROMIS-29 domains 
showed good convergent (ρ ≤ 0.77) and discriminant validity 

(ρ ≥ 0.55) when compared with the ODI. Additionally, CFA 
showed that the data fit well to the hypothesized model and 
that each PROMIS-29 domain was unidimensional with fac-
tor loadings (λ ≥ 0.76) well above the minimally acceptable 
criteria of λ = 0.50. These results are also similar to the few 
other PROMIS-29 studies reporting these statistics in other 
populations although no other studies were found that use 
the ODI for PROMIS-29 validity [57, 59, 60].

These internal consistency and validity results are also 
in line with other studies that have evaluated the PROMIS 
physical function CAT in orthopaedic [31] and other diverse 
clinical samples [61]. Additional studies have reported suc-
cessful implementation of PROMIS measures in those 
with diabetes [62], and have reported good reliability and 
validity in older adults with chronic conditions [59], hemat-
opoietic cell transplant survivors [27], and patients with 
arthritis [63]. One study on the ecological validity of the 
PROMIS in both the CAT and short form version found that 
that PROMIS scales reflect the real-life symptoms experi-
enced by patients with a wide range of disease by comparing 
PROMIS responses to 7-day recall diaries [64]. Although 
further research is needed to confirm the validation of the 
PROMIS-29 in spine surgery patients, the current study 
provides evidence that using the PROMIS-29 is justified 

Fig. 1   Scatterplot showing relationship between the actual ODI score 
and the predicted ODI scores based on PROMIS-29 domains. Each 
marker represents the point where the predicted (x-axis) and actual 
(y-axis) ODI scores intersect. Points closer to a 45° angle represent 

more accurately predicted ODI scores with less variability. A best-
fit line has been shown for the dots at each time-period individually. 
Best-fit lines closer to the 45° angle and points closer to the best fit 
line represent optimal prediction

Table 6   Cumulative frequency and percent of absolute differences 
between predicted and actual ODI scores for Model 1 and Model 2

Model 1 Model 2

N % N %

Within 5 pts 253 32.6 336 43.4
Within 10 pts 497 64.1 572 73.8
Within 15 pts 628 81.0 692 89.3
Within 20 pts 709 91.5 754 97.3
Within 25 pts 749 96.6 767 99.0
Within 40 pts 775 100.0 775 100.0
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in a spine surgery population and is a good candidate for 
measuring long-term PROs. These findings contribute both 
to the body of literature on selecting the best PROMs for 
lumbar spinal surgery and the literature on validation of the 
PROMIS, particularly the PROMIS-29.

Aim 2

The current findings suggest that an ODI score can be 
derived from the PROMIS-29 domain scores with a high 
degree of accuracy. It has been suggested that a model that 
is most useful for predictive purposes will have a R2 > .60 
and a RMSE < 10% of the possible scores, which is 10 for 
the ODI (100*0.10) [65]. Using only the PROMIS physi-
cal function domain score, which is made up of four items, 
gives a good estimate of the ODI score (R = 0.81, R2 = 0.65; 
RMSE = 11.66). The RMSE of 11.66 is slightly higher than 
the recommended value of 10 or less, which suggests some-
what high variability in the predicted ODI scores. When 
using five of the domain scores plus the single pain intensity 
item from the PROMIS-29, the ODI scores can be estimated 
with significantly higher precision (∆R2 = 0.13, p < .001, 
R = 0.88, R2 = 0.78, RMSE = 9.25) which meets all criteria 
for predictive equation.

For clinicians who want to move from the ODI to the 
PROMIS physical function-4 (short form) or PROMIS-29, 
these prediction equations will provide estimated ODI 
scores without having to collect the ODI in addition to the 
PROMIS. The correlation found between the physical func-
tion-4 raw score and the ODI closely mirrors other stud-
ies correlating the physical function-CAT and ODI, which 
found correlations ranging from − 0.81 to − 0.83 (current 
study ρ = − 0.82) when timepoints were combined [30, 
66] and correlations at separate time points ranging from 
− 0.66 to − 0.80 (current study ρ = − 0.65 to − 0.83) [67]. 
One previous study provided a formula for converting 
the physical function-CAT to ODI scores: ODI = 153.533 
− 3.012*PFCAT-Tscore which is in contrast to our physical 
function T-scores: ODI% = 109.129 − 1.920*[PFshortformTscore] 
[33]. Applying this previously reported formula to our data 
resulted in an R2 = .63, which is similar to the results using 
the physical function T score equation in the current study 
(R2 = .63). However, using the previously reported equation 
also resulted in 10% of predicted ODI scores being invalid 
(ODI score of − 18). Our formula for estimating ODI from 
the short form resulted in all predicted ODI scores being 
valid (between 0 and 100).

Using the PROMIS-29 provides several advantages over 
other common PROMs. Since PROMIS is not disease spe-
cific, scores can be compared across many populations and 
standardized scores allow for patients to be evaluated in rela-
tion to general population scores. The current study demon-
strates that the PROMIS domain scores correlate strongly 

with one of the most common back pain specific measures 
(ODI), suggesting that a non-disease specific PROM can 
be collected as a primary outcome for patients undergoing 
lumbar spine surgery. As previously suggested, these results 
support the idea that PROMIS domains have the potential 
to replace disease-specific traditional PROMs, and not only 
using the PROMIS CATs but also the PROMIS short forms 
such as those in the PROMIS-29 [4].

Limitations and future research

The predictive equations show limited coverage for patients 
with ODI scores over 80. These patients are generally clas-
sified as being bed bound [46]. They represent both a very 
small portion of the population of those receiving lumbar 
spine surgery and correspondingly a low percentage of our 
registry sample. Further research on patients who have the 
most severe lower back pain issues is needed. Another limi-
tation is that the PROMIS-29 is newly added to the registry 
providing a somewhat limited follow-up sample. Particu-
larly, data are not yet available to evaluate the responsiveness 
of the PROMIS-29 domains over time after lumbar spine 
surgery but that is a next step in evaluating its predictive 
validity. Future research is needed to validate the current 
predictive equations in an independent sample of patients 
undergoing lumbar spine surgery.

Conclusions

The current study demonstrated good internal consistency, 
interpretability, construct validity, and structural validity of 
the PROMIS-29 in patients undergoing spine surgery. The 
PROMIS-29, when considering domains together, demon-
strated no ceiling or floor effects. Each PROMIS-29 domain 
was found to be unidimensional and demonstrated ceiling 
and floor effects similar to findings in other populations. 
ODI scores can be derived from the PROMIS-29 with a high 
degree of accuracy. The highest precision was found with a 
predictive equation that utilized the PROMIS-29 domains of 
physical function, sleep disturbance, participation in social 
roles, pain interference, and depression, and the single pain 
intensity item. Together, these findings further justify the 
use of the PROMIS-29 in patients undergoing spine surgery.
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