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ABSTRACT

Background: The Patient-Reported Outcome Measurement Information System (PROMIS) and legacy outcome
measures like the Oswestry Disability Index (ODI) have not been compared for their sensitivity in reflecting the impact

of perioperative complications and length of stay (LOS) in a surgical thoracolumbar population. The purpose of this
study is to assess the strength of PROMIS and ODI scores as they correlate with LOS and complication outcomes of
surgical thoracolumbar patients.

Methods: Retrospective cohort study. Included: patients �18 years undergoing thoracolumbar surgery with
available preoperative and 3-month postoperative ODI and PROMIS scores. Pearson correlation assessed the linear
relationships between LOS, complications, and scores for PROMIS (physical function, pain intensity, pain interference)

and ODI. Linear regression predicted the relationship between complication incidence and scores for ODI and PROMIS.
Results: Included: 182 patients undergoing thoracolumbar surgery. Common diagnoses were stenosis (62.1%),

radiculopathy (48.9%), and herniated disc (47.8%). Overall, 58.3% of patients underwent fusion, and 50.0% underwent
laminectomy. Patients showed preoperative to postoperative improvement in ODI (50.2 to 39.0), PROMIS physical

function (10.9 to 21.4), pain intensity (92.4 to 78.3), and pain interference (58.4 to 49.8, all P , .001). Mean LOS was 2.7 6

2.8 days; overall complication rate was 16.5%. Complications were most commonly cardiac, neurologic, or urinary (all
2.2%). Whereas preoperative to postoperative changes in ODI did not correlate with LOS, changes in PROMIS pain

intensity (r ¼ 0.167, P ¼ .024) and physical function (r ¼�0.169, P ¼ .023) did. Complications did not correlate with
changes in ODI or PROMIS score; however, postoperative scores for physical function (r¼�0.205, P¼ .005) and pain
interference (r¼0.182, P¼ .014) both showed stronger correlations with complication occurrence than ODI (r¼0.143, P¼
.055). Regression analysis showed postoperative physical function (R2¼ 0.037, P¼ .005) and pain interference (R2¼ 0.028,
P¼ .014) could predict complications; ODI could not.

Conclusions: PROMIS domains of physical function and pain interference better reflected perioperative
complications and LOS than the ODI. These results suggest PROMIS may offer more utility as an outcomes assessment

instrument.
Level of Evidence: 3.

Lumbar Spine
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INTRODUCTION

Given a health care climate that emphasizes both

evidence-based practice and value-based care, pro-

viders across the health care spectrum emphasize the

need for a valid, reliable, and efficient measure of

patient outcomes. In the spine literature, there exist
a number of outcome assessment tools, including
general health-related quality of life (HRQL)
assessments (eg, EuroQol 5Dimensions [EQ-5D],
36-Item Short Form Survey [SF-36]),1,2 pain mea-
sures (eg, visual analog scale [VAS], numerical
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rating scale [NRS]),3,4 and condition-specific ques-
tionnaires (eg, Scoliosis Research Society Outcomes
Questionnaire [SRS-22r], Reflux Disease Question-
naire [RDQ]).5,6 For spine patients, the Oswestry
Disability Index (ODI) is one of the most thor-
oughly validated outcome assessment tools for low
back pain and disability.7–9 Multiple studies show
the ODI as sufficiently responsive in reflecting the
impact of perioperative complications after thora-
columbar surgery, and others have shown signifi-
cant relationships between ODI score and length of
hospital stay.10–12

Despite its reliability and consistency, the ODI
has several limitations, including an appreciable
floor effect, item-masking score bias, cross-contam-
ination score bias, and weighting of items that are
unimportant to some patients completing the
questionnaire.13,14 Additionally, the length of legacy
outcome assessments like the ODI may result in
substantial administrative burden for both patients
and office staff. In contrast to legacy assessments
like the ODI, the Patient Reported Outcome
Measurement Information System (PROMIS) uses
computerized adaptive testing to offer a more
efficient means of capturing patient outcomes.15

Computer adaptive tests like PROMIS algorithmi-
cally select question items based on patient respons-
es, resulting in a shorter (typically 4- to 6-item)
assessment of HRQL.16,17

PROMIS aims to offer a valid, reliable, and
efficient means of capturing spine surgery patient
clinical outcomes. To date, few studies have
compared PROMIS and legacy outcome measures
like the ODI for their sensitivity in reflecting the
impact of perioperative complications and length of
hospital stay (LOS). To further establish the validity
of PROMIS as a reliable tool for assessing patient
outcomes, its relationship to complications and
LOS—both common measures of surgical outcomes
in the spine literature—warrants further investiga-
tion.18

MATERIALS AND METHODS

Data Source and Inclusion Criteria

This is an institutional review board-approved
retrospective cohort study of consecutive, patient-
reported HRQL outcomes collected at a single
tertiary teaching hospital from August 2016 to
June 2018. All patients included in this analysis
were �18 years old, underwent thoracolumbar

spine surgery, and had ODI and PROMIS scores

recorded at both baseline and 3-month postoper-

ative study intervals.

Data Collection and Outcomes Assessments

Demographic data (age, biologic sex, body

mass index) were reviewed from patient medical

records at the time of initial presentation and the

3-month postoperative study interval. Surgical

data, including diagnosis, surgical approach,

fusion status, and decompression status were

reviewed from each patient’s surgical note. The

following outcome assessments were administered

via tablet at the baseline and 3-month postoper-

ative study intervals: PROMIS instruments of

pain intensity, pain interference, and physical

function, and ODI.

The PROMIS instruments of pain intensity, pain

interference, and physical function use a computer

adaptive algorithm to assess patient-reported capa-

bility, selecting each questionnaire item based on

previous item answers. For each PROMIS domain,

scores range from 0 to 100. Higher pain intensity

and pain interference scores indicate inferior out-

comes, while higher physical function scores indi-

cate superior outcomes.

The ODI has been cited as the gold standard

patient-reported outcome instrument for assessing

low back pain and disability.19,20 ODI scores range

from 0 to 100, with higher scores indicating greater

pain and disability.

Statistical Analysis

Descriptive analyses provided an overview of

the overall cohort’s demographic and surgical

profile. Paired samples t tests assessed differences

between preoperative and postoperative HRQL

scores. Pearson bivariate correlation assessed the

linear relationships between clinical outcomes

(including LOS and perioperative complications)

and scores for both PROMIS (physical function,

pain intensity, pain interference) and ODI. Linear

regression predicted the relationship between

perioperative complication incidence and 3-month

postoperative scores for ODI and PROMIS. Two-

sided P values less than .05 were considered

statistically significant, and all statistical analyses

were conducted using SPSS (version 23; IBM

Corp., Armonk, NY).
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RESULTS

Cohort Demographic and Surgical Overview

A total of 182 patients met inclusion criteria and
underwent thoracolumbar surgery. Mean patient
age at baseline was 55.2 6 16.1 years, mean body
mass index was 29.5 6 6.3 kg/m2, and 44.5% of
patients were female. Among the most common
diagnoses were stenosis (62.1%), radiculopathy
(48.9%), herniated disc (47.8%), degenerative spon-
dylolisthesis (25.3%), and degenerative disc disease
(22.0%).

Overall, 58.3% of patients underwent fusion
(mean fusion length ¼ 2.6 6 2.9 levels), and 50.0%
underwent laminectomy. By surgical approach,
82.9% of cases were posterior only, 0.5% were
anterior only, and 17.6% were combined. Mean
operative time was 208 6 136 minutes, and mean
estimated blood loss was 300 6 617 cc.

Clinical Outcomes

After surgery, mean LOS was 2.7 6 2.8 days. The
overall perioperative complication rate was 16.5%.
By type, perioperative complications were most
commonly cardiac, neurologic, urinary, or infection
(all 2.2%), followed by pulmonary (1.1%).

The overall cohort showed significant preopera-
tive to 3-month postoperative improvement in all
measures of HRQL: ODI (50.2 6 16.1 to 39.0 6

19.2, P , .001), PROMIS physical function (10.9 6

11.6 to 21.4 6 21.3, P , .001), pain intensity (92.4
6 9.1 to 78.3 6 22.3, P , .001), and pain
interference (58.4 6 5.8 to 49.8 6 8.6, P ¼ .001).

PROMIS and ODI Correlations with Outcomes

Table 1 presents the results of correlation
analyses assessing the linear relationships between

clinical outcomes and postoperative scores for
PROMIS and ODI. All postoperative HRQL
instruments correlated with LOS, and of note, 3-
month postoperative scores for physical function
and pain interference both showed stronger corre-
lations with complication occurrence than ODI.

Additionally, whereas preoperative to postoper-
ative changes in ODI score showed no relationship
with LOS, changes in PROMIS pain intensity and
physical function were both significantly correlated
with LOS (Table 2). Complication occurrence was
not correlated with preoperative to postoperative
changes in ODI or PROMIS scores.

Regression Analysis

Although there were no significant associations
between complication occurrence and postoperative
ODI score (R2 ¼ 0.015, P ¼ .055), both postoper-
ative PROMIS physical function (R2 ¼ 0.037, P ¼
.005) and pain interference (R2 ¼ 0.028, P ¼ .014)
were significantly associated with the occurrence of
any complication. There were no significant rela-
tionships between perioperative complication oc-
currence and preoperative to postoperative changes
in any HRQL instrument used in this study (all P .

.05).
LOS also showed weak but statistically significant

relationships with all postoperative HRQL instru-
ments: ODI (R2 ¼ 0.094, P , .001), PROMIS pain
intensity (R2¼0.051, P¼ .001), pain interference (R2

¼ 0.025, P ¼ .019), and physical function (R2 ¼
0.083, P , .001). Only preoperative to postoperative
changes in PROMIS pain intensity (R2¼ 0.023, P¼
.024) and physical function (R2 ¼ 0.023, P ¼ .023)
were associated with LOS; preoperative to postop-
erative changes in ODI were not (R2 ¼ 0.005, P ¼
.179).

Table 1. Results of correlation analyses assessing the linear relationships

between clinical outcomes (length of stay and complication incidence) and 3-

month postoperative scores for Patient-Reported Outcome Measurement

Information System (PROMIS) and Oswestry Disability Index (ODI).

Clinical Outcome

Health-Related

Quality of Life Assessment R P Value

Length of stay ODI 0.314 ,.001a

PROMIS pain intensity 0.237 .001a

PROMIS pain interference 0.174 .019a

PROMIS physical function �0.296 ,.001a

Complication
incidence

ODI 0.143 .055
PROMIS pain intensity 0.137 .065
PROMIS pain interference 0.182 .014a

PROMIS physical function �0.206 .005a

aStatistically significant, P , .05.

Table 2. Results of correlation analyses assessing the linear relationships

between clinical outcomes (length of stay and complication incidence) and

baseline to 3-month postoperative changes in Patient-Reported Outcome

Measurement Information System (PROMIS) and Oswestry Disability Index

(ODI) scores.

Clinical Outcome

Health-Related

Quality of Life Assessment R P Value

Length of stay ODI 0.100 .179
PROMIS pain intensity 0.167 .024a

PROMIS pain interference 0.078 .294
PROMIS physical function �0.169 .023a

Complication
incidence

ODI �0.021 .781
PROMIS pain intensity 0.084 .258
PROMIS pain interference 0.127 .087
PROMIS physical function �0.104 .161

aStatistically significant, P , .05.
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DISCUSSION

The PROMIS item banks offer a number of
potential advantages over legacy outcome metrics
like the ODI, including less item redundancy and
lower administrative burden.21 Across multiple
patient populations, PROMIS scores have outper-
formed legacy questionnaires in the psychometric
properties of coverage, reliability, and dimensional-
ity, suggesting that PROMIS may be an important
step forward in the assessment of patient-reported
outcomes.17,22 Still, it is unclear how PROMIS
compares with the ODI in its ability to reflect the
impact of perioperative complications and LOS.

Multiple studies across the surgical literature show
significant relationships between longer LOS and
lower patient-reported satisfaction scores.23–25 Simi-
larly, for patients undergoing thoracolumbar surgery,
perioperative complication occurrence has also been
shown to correlate with inferior legacy patient-
reported outcome scores.10 For PROMIS to be
considered a comparable alternative to legacy pa-
tient-reported outcome measures, it should demon-
strate equal or greater sensitivity in reflecting the
impact of complications and LOS. This study shows
that the PROMIS domains of physical function and
pain interference outperform the ODI in predicting
both LOS and perioperative complication occurrence.

Whereas postoperative ODI score showed no
relationship to perioperative complication occur-
rence, our regression analysis showed a statistically
significant relationship between complication occur-
rence and postoperative PROMIS scores. While the
strength of this relationship was weak (R2 ¼ 0.037
for PROMIS physical function and R2 ¼ 0.028 for
pain interference), these results are encouraging,
particularly given that, unlike the ODI, PROMIS
assessments are not pathology specific. Compared
with the ODI, which was designed to specifically for
use in populations of patients with low back pain,
PROMIS assessments are more general and were
designed to measure symptoms and health concepts
across a range of chronic conditions.26 The
PROMIS domains of physical function and pain
interference were able to outperform the ODI in a
thoracolumbar patient population, further support-
ing PROMIS’s continued use in surgical spine
patient populations.

Additionally, although postoperative ODI score
was the strongest predictor of LOS, preoperative to
postoperative changes in ODI did not reflect LOS.
In contrast, inferior preoperative to postoperative

changes in both PROMIS pain intensity and
physical function were significantly associated with
greater LOS. These results indicate that, in our
thoracolumbar patient population, the PROMIS
instruments of pain intensity and physical function
may show better responsiveness—or sensitivity to
clinical change—than the ODI. While additional
research is necessary to assess the reliability of these
relationships, our results suggest PROMIS should
be incorporated as a standard measure of HRQL
changes after thoracolumbar spine surgery.

While this study aimed to serve as a broad
comparison of PROMIS and ODI, our conclusions
are limited by the heterogeneity of the included
patient population. Patients included in this study
presented with a wide range and severity of thoraco-
lumbar diagnoses and as a result likely underwent
procedures with differing techniques and levels of
surgical invasiveness. Future studies should look to
compare PROMIS and ODI instruments in thoraco-
lumbar populations with more homogenous diagno-
ses. There is a need for further investigation into the
use of the scoring method of the PROMIS metric to
improve reliability and broad validity of our results.
Additionally, as our study only includes patients from
a single university-based tertiary care center, the
generalizability of our results is certainly limited.
Lastly, to better assess the sensitivity of both
PROMIS and ODI in reflecting LOS and complica-
tion occurrence, future studies should include patients
with clinical follow up beyond 3 months postopera-
tive. Despites these limitations, this report is one of
the first in the surgical literature to directly compare
the clinical utility of PROMIS and ODI in a
thoracolumbar patient population.

CONCLUSIONS

This study shows that, for patients undergoing
thoracolumbar spine surgery, PROMIS better reflects
the impact of perioperative complication occurrence
and LOS than ODI. Given previous reports demon-
strating the lower administrative burden of PROMIS,
the results of this study suggest PROMIS may offer
greater clinical utility in tracking the outcomes of
patients undergoing thoracolumbar surgery.
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