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Abstract

Introduction: Inadequate validation, floor/ceiling effects, and time constraints limit utilization of
standardized patient-reported outcome measures. We aimed to validate Patient-reported Outcomes
Measurement Information System (PROMIS) computer adaptive tests (CATS) for patients treated
surgically for a lumbar disk herniation.

Methods: PROMIS, CATs, Oswestry Disability Index, and Short Form-12 measures were
administered to 78 patients treated with lumbar microdiskectomy for symptomatic disk herniation
with radiculopathy.

Results: PROMIS CATs demonstrated convergent validity with legacy measures; PROMIS
scores were moderately to highly correlated with the Oswestry Disability Index and Short
Form-12 physical component scores (= 0.41 and 0.78, respectively). PROMIS CATs
demonstrated similar responsiveness to change compared with legacy measures. On average, the
PROMIS CATs were completed in 2.3 minutes compared with 5.7 minutes for legacy measures.

Discussion: The PROMIS CATs demonstrate convergent and known groups’ validity and are
comparable in responsiveness to legacy measures. These results suggest similar utility and
improved efficiency of PROMIS CATs compared with legacy measures.

Levels of Evidence: Level Il

Delivery of health care has changed dramatically over the past several decades, with an
increased interest in the assessment of the clinical outcomes of medical care. Advancements
in technology and surgical techniques require feedback from patients to define effectiveness
and value. To comprehensively evaluate the effect of care, there exists a need for reliable,
valid, and efficient measures. Typically, treatment outcomes in patients undergoing spine
surgery have relied on clinical data such as range of motion, muscle strength, and neurologic
deficits.! Although these measurements provide valuable information, they do not include
the patient’s point of view concerning his or her physical function, pain, and quality of life.
As the US healthcare system places an increasing focus on the value of delivered care,
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clinicians require improved patient outcome metrics that provide more accurate patient-
centered functional assessments to both demonstrate the value and justify the costs for our
clinical interventions.2

Recent developments in health care have called for a greater emphasis on evidence-driven,
patient-centered care.3 Patient-reported outcome (PRO) instruments are widely used to
capture the patients’ health perception, well-being, quality of life, physical function, pain,
and satisfaction with care.* The most commonly used legacy PRO measures in the lumbar
spine population include the Oswestry Disability Index (ODI), the Swiss Spinal Stenosis
Questionnaire, the Oxford Spinal Stenosis Questionnaire, and the Maine-Seattle Back
Questionnaire. These traditional paper-based PRO measures have drawbacks for everyday
clinical use because they are time consuming, demonstrate disease bias, and may display
inaccuracies when testing patients with either severe functional disability or extreme
functional ability (ie, floor and ceiling effects, respectively).2 The floor limitations of
traditional PRO measures remain of great concern given the severe disability that is typically
encountered with surgical spine patients. Ineffectively differentiating patients with severe
pain and disability has impaired surgeons’ ability to capture meaningful differences in
clinical outcomes.

The Patient-reported Outcomes Measurement Information System (PROMIS) developed a
psychometrically sound and validated system of PRO measures for respondents with a wide
range of chronic diseases and demographic characteristics.2 PROs assess subjective
experience in ways distinct from physiologic outcomes.® Furthermore, to shorten the time
needed to complete data collection, PROMIS uses computer adaptive tests (CATS), which
allow for precise and valid scores with a small subset of questions from a large collection
(ie, item banks). This approach greatly reduces the time needed to complete a measure,
thereby potentially increasing their utilization.1:6-11

The utility and validity of PROMIS CATSs have been demonstrated in a variety of medical
and surgical fields, displaying reliability, validity, flexibility, and inclusiveness in conditions
such as depression, cancer, chronic obstructive pulmonary disease, and heart failure, among
other pathologies.212-16 The PROMIS CATSs have not been validated in patients with
surgical lumbar disk herniation.2 Accordingly, we sought to evaluate the validity (ie,
convergent validity, known groups’ validity, and responsiveness to change) of PROMIS
CATs in patients receiving surgical management for symptomatic lumbar disk herniation.

After obtaining the appropriate institutional approvals, all surgical patients with a
symptomatic, radiographically confirmed lumbar disk herniation with radiculopathy
between the age of 18 and 95 years and the ability to read and speak English were invited to
participate. Any patients who presented for revision surgery, with tumors, trauma, or an
infection were excluded from the study. Included patients underwent surgical management
for their lumbar disk herniation (subtotal diskectomy). Each patient who agreed to
participate in the study provided informed consent and thereafter invited to complete the
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PRO assessment with a wireless Internet-enabled iPad. Assessment Center an online data
collection tool was used for data collection (www.assessmentcenter.net).

Assessments were administered preoperatively (visit 1) and postoperatively at 6 weeks (visit
2) and 3 months (visit 3) using a secure individually assigned login and password.
Participants completed their baseline assessment within the clinic, whereas all postoperative
assessments were completed over the phone or through Internet. Patients unable to (eg,
limited hand mobility) or uncomfortable using the iPad were given the option to have the
study coordinator read questions out loud and enter the participant’s response.

All three assessments included the PRO measures as described below in addition to a global
rating of change and a question regarding any effective comorbid conditions.

Oswestry Disability Index

Twelve-ltem

The ODI, version D17 is a self-administered questionnaire designed to assess limitations of
various activities of daily living. It consists of 10 sections, each of which is scored on a 0-
to-5 scale, five representing the greatest disability. The index score is calculated by dividing
the summed score by the total possible score, which is then multiplied by 100 and expressed
as a percentage.

Short Form Survey

The 12-item Short Form survey (SF-12) is a 12-item measure that assesses physical, social,
and mental function. It is summarized into a physical component (PCS) and mental
component score (MCS). The SF-12 scale uses a population mean of 50 with a SD of 10,
with higher scores indicating better health. A meaningful health state classification SF-6D
utility score was calculated based on the SF-12 score. Individual respondents can be
classified on any of four to six levels of functioning or limitations for each of six domains.

Patient-reported Outcomes Measurement Information System Physical Function, Pain
Interference, and Pain Behavior Computer Adaptive Test

PROMIS CATs are administered using an algorithm that uses previous question responses to
prompt subsequent targeted, relevant questions to determine the patient’s level of function or
symptomatology. The measure ends when a specified level of measurement precision
(standard error < 3.0) or 12 items have been answered. Reported scores use a T-score metric,
with a score of 50 points reflecting the general population mean (SD = 10). The PROMIS
Physical Function (PF) CAT v1.2 is administered from a bank of 121 potential items and
assesses self-reported capability for physical activities. Higher scores indicate better
physical functioning. The PROMIS Pain Interference (PI) CAT v1.0 measures the degree to
which pain interferes with a range of activities. The item bank includes 41 items. The
PROMIS Pain Behavior (PB) CAT v1.0 (item bank = 39 items) assesses the self-reported
expression of pain (eg, verbal and nonverbal indications of pain). For each PROMIS pain
CAT, higher scores indicate more pain.
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Effective Comorbid Conditions

The effective comorbid conditions question assesses the effect of other health conditions on
physical function and pain. The question “Are your answers to today’s questions being
affected by any conditions (ie, arthritis, knee pain, heart disease, lung disease) other than
what you are being seen for today?” is answered yes/no.

Global Rating of Change

The Global Rating of Change question assesses one’s perception of change between
assessments (“How is your neck or back condition since your last visit with us?”).
Responses were “much better,” “slightly better,” “about the same,” “slightly worse,” and
“much worse.” This question was used to evaluate responsiveness.

Statistical Analysis

PROMIS CAT scores were exported directly from the Assessment Center system. SF-12
PCS, MCS were calculated using the QualityMetric Health Outcomes Scoring Software 4.5.
ODI scores were calculated according to developers’ instructions as the percentage of total
possible points. For some analyses, ODI scores were grouped in quintiles and classified into
levels of disability: zero to 20% minimal disability, 21% to 40% moderate disability, 41% to
60% severe disability, 61% to 80% extreme disability, and 81% to 100% bed-bound.

Descriptive statistics were calculated for all scores at baseline to examine the level of
impairment. Floor and ceiling effects were examined by determining the percentage of
patients who scored at the upper and lower limits for the respective outcome instrument
(Figures 1-3). Assessment time was calculated by summing the response time for each item
within a measure. This time was automatically captured by Assessment Center. Convergent
validity was evaluated using Pearson correlation coefficients between PROMIS CATSs, the
ODI, and SF-12 at baseline. Correlation values of 0.0 to 0.19, 0.20 to 0.39, 0.40 to 0.59, 0.60
to 0.79, and 0.80 to 1.0 are described as very weak, weak, moderate, strong, and very strong,
respectively.

To test discriminant (known-groups) validity, patients were grouped by disease severity at
baseline as measured by the ODI. PROMIS and SF-12 scores were compared between
groups using 2-sample ~tests.

To evaluate responsiveness, the PROMIS CAT and legacy measures were compared across
time. Changes in scores were calculated between each assessment point for all measures,
and the statistical significance was evaluated using paired #tests. Pearson correlation
coefficients were also calculated using the change scores to evaluate validity over time.
Changes were interpreted relative to minimal clinically important difference (MCID)
thresholds reported in the literature. Although there exist few publications for MCIDs for
PROMIS PB, PI, and PF measures, Amtmann et al® recently reported that an MCID of 3.5
to 5.5 points in PROMIS PI scores may be considered meaningful in the low-back-pain
patient population. Similarly, few publications review MCIDs for legacy PROs for lumbar
disk herniations, so surrogate values were drawn from previously described thoracolumbar
spine conditions. Available thoracolumbar spine literature reports a range of 6.8 to 14.9
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point decrease in ODI as an MCID8-20 and SF-12 PCS and MCS improvement of 2.5 to 6.1
and 10.1, respectively, as an MCID.2122 Because of variability in deriving and reporting
MCID thresholds, clinicians should interpret reaching MCID thresholds in isolation with
caution.23 Although no validated MCID for PROMIS measures for spine pathology have
been published, an acceptable estimate currently used is 50% of the reported SD.2427

Although we report MCIDs for legacy measures, the use of MCIDs was to attribute clinical
correlation to the size of the clinical effect reported by the outcome measures. The aim of
this study was not to evaluate the participants’ function and symptoms but to evaluate the
performance of PROMIS measures in comparison with legacy measures.

Responsiveness to clinical change was further evaluated by stratifying patients by self-
evaluation of postoperative improvements in symptom relief. The ability of outcome metrics
to appropriately distinguish between patients who reported feeling “much better” against all
other patient-reported changes was evaluated. The mean change from baseline scores was
tested using paired #tests. The standardized response mean = mean change/SD of change
was calculated to quantify the relative level of change within these groups.

Of the 78 patients enrolled (mean age = 41.6; SD = 13.4; 62% male; Table 1), 83%
completed the 6-week postoperative assessment and 62% completed the 3-month
postoperative assessment. Patients largely denied concomitant pathologies affecting their
reported pain and function outcomes, with 95% and 83% reporting no other conditions
affecting their answers on outcome measures at baseline and 3 month assessments,
respectively. At baseline, patients demonstrated impairments in physical function and pain
on all measures including PROMIS PF (mean = 35.9; SD = 8.0), ODI (mean = 42.4; SD =
19.0), SF-12 PCS (mean = 34.5; SD = 8.8), PROMIS PI (mean = 66.1; SD = 7.6), and
PROMIS PB (mean = 60.2; SD = 6.2). Additionally, nearly half of the patients’ (48%)
scores were in the crippled or severely disabled range on the ODI (Table 1).

The three PROMIS instruments took an average of 2.3 minutes in total to complete, with
individual CAT completion times of 0.9 minutes for PB (SD = 1.0), 0.6 minutes for P (SD =
0.6), and 0.8 minutes for PF (SD = 0.8). These data compare favorably with the completion
times for the ODI and SF-12, which took an average of 5.7 minutes in total to complete,
with individual completion times of 2.7 and 3.0 minutes, respectively (Table 2). PROMIS
outcome measures demonstrated minimal floor and ceiling effects at baseline (Figure 4).
The ODI and SF-12 exhibited minimal ceiling effects in this sample as well (Figure 5).

Convergent validity was supported with moderate to strong correlations in the expected
direction at baseline between PROMIS CATs and legacy measures. PROMIS PF, PI, and PB
correlated strongly with ODI scores (r=-0.78, r=0.78, and r= 0.58, respectively, each P<
0.01). Similarly, SF-12 PCS was strongly correlated with PROMIS PF (r=0.61; A< 0.01).
SF-12 MCS had a moderate correlation with PROMIS PB and PI as well (r=-0.47 and r=
-0.47, respectively; each £< 0.01). Correlations were of similar magnitude when examining
the change from baseline to month 3 (Table 3).
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This disk herniation patient population reported a substantial number of individuals with
severe disability as determined by the baseline ODI score (severe disability 27% and
crippled 21%). To test discriminant (known-groups) validity, patients were grouped by
disease severity at baseline as measured by the ODI. Patients who were severely or
extremely disabled reported worse PROMIS, SF-12, and ODI scores compared with patients
with minimal-moderate disability (Table 4, all < 0.01). Effect sizes were large and ranged
from 0.77 (MCS) to 1.60 (PROMIS PI).

After surgical management of the lumbar disk herniation(s), 85% and 94% of patients
reported ODI score decreases of at least 10 points from baseline by the 6-week and 3-month
postoperative time points, respectively, with most improvements in pain, disability, and
function appearing early in the postoperative course and plateauing by the 3-month follow-
up (Figures 4, 6). Physical function and pain also improved after surgery across all measures
as expected. Change scores for PROMIS PB and PI had decreases of 13.1 and 16.5,
respectively, between baseline and 3-month postoperative follow-up (each £< 0.001),
whereas PROMIS PF increased 12.3 points over the same period (P < 0.001). The other
legacy measures demonstrated score changes consistent with the observed trend seen with
PROMIS CATs. ODI scores decreased an average of —33.4 points. SF-12 PCS increased
14.5 and MCS increased 8.6 points (each £< 0.001). These observed improvements in
PROMIS and legacy measure scores are clinically relevant as well, with each of the
PROMIS subscores and the SF-12 PCS and ODI legacy measures exceeding reported MCID
thresholds.

The sample was divided into subgroups based on self-reported change (“much better” versus
all others). Comparing baseline with 6-week follow-up (visit 1 versus visit 2), the improved
group reported improvement in PROMIS PB, PI, and PF (-13.0, -16.3, and 12.1,
respectively) and in SF-12 PCS (13.5), SF-12 MCS (10.0), and ODI (-34.4; SD 19.6) (see
Table 5, Supplemental Digital Content 1, http://links.lww.com/JAAOS/A135). Standardized
response means ranged from 0.94 (MCS) to 2.03 (PI) for this group, and from 0.53 (MCS)
to 1.34 (PCS) for the group of patients who were only slightly better, unchanged, or worse.
The difference in change scores was statistically significant (P < 0.05) only for PROMIS PI
and PF and ODI, although sample sizes were small.

Discussion

This study demonstrates convergent validity, responsiveness, and known groups’ validity of
the PROMIS PF, PI, and PB CATSs in patients undergoing a lumbar disk herniation surgery
through strong correlations with other measures of the same constructs, ability to distinguish
those with notable clinical improvement from others, and ability to distinguish diagnostic
groups. To our knowledge, this is also the first assessment of the validity of PROMIS CATs
for PF, P1, and PB in patients with lumbar disk herniation who were treated surgically.

The PROMIS CAT allows efficient and precise PRO measurements by eliminating irrelevant
or redundant items.8 Unlike the classical test theory that requires respondents to complete all
(or most) questions to determine a test score, the PROMIS CATs are able to obtain a
patient’s responses based on their function or symptom level by customizing the items that

JAm Acad Orthop Surg. Author manuscript; available in PMC 2020 June 25.


http://links.lww.com/JAAOS/A135

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bhatt et al.

Page 7

are administered.14 On average, the three PROMIS CATs were obtained in 2.3 minutes
compared with 5.7 minutes for the two legacy measures (Table 2). The notable reduction in
time to complete the PROMIS CATSs is most likely due to the fewer number of questions that
are administered (range, 4 to 12 per CAT; median, 4) compared with the legacy measures
(range, 10 to 12). These findings are strongly supported by two publications by Papuga et
al?> and Brodke et al.26 The study by Papuga et al?®> demonstrated a strong correlation of
PROMIS CATs with ODI scores in a population presenting for routine clinic visits.
Furthermore, they showed a markedly decreased time to complete the PROMIS CATs
compared with the legacy measures. Brodke et al?8 in a study of over 1,600 patients
presenting for a clinic visit also demonstrated a significant correlation of PROMIS CATs
with ODI and SF-36 scores as well as less time to complete the CATSs.

The PROMIS tools were also able to accurately capture the patient’s physical and pain
health status while avoiding floor and ceiling effects. This ability is particularly important in
the patient population we studied because nearly half of the sample (48%) were crippled or
severely disabled (Table 1). Using a website-based data collection model for PROMIS
instruments allows for tracking completion times, time and date stamps on responses,
immediate scoring, and automated tracking of missing data. Although CATS require a
computer for administration, their advantage in speed and measurement precision facilitate
making self-reported health status information available in real time during a clinical
encounter. This information can be used by healthcare providers to facilitate assessment of
the patient, treatment evaluation, or planning. Patients could also use PRO information to
track their personal health and facilitate communications with their surgeon.

Although using PROMIS has several benefits, our study also had limitations. First, the small
sample size limits rigorous subgroup analysis. However, we think that the statistically
significant correlations found between multiple PROMIS and legacy PROs as well as the
responsiveness seen with PROMIS measures within the patient self-rated function groups
are clinically relevant. Furthermore, all website-based administrations of the PROMIS CATs
require the patient to have computer to complete the outcome measures. The number of
patients who completed their 1 year postoperative follow-up assessment was markedly
lower, thus indicating that a large number had been lost to follow-up. This finding is
consistent with much of the spine surgical literature. Additionally, the 3-month follow-up
may not be of sufficient time since treatment to capture clinically significant outcomes.
Parker et al?8 suggested 12-month follow-up because they found that 3 month ODI MCID
for lumbar surgery predicted 12-month MCID thresholds with only 62.6% specificity and
86.8% sensitivity. However, for the validation purposes of this study, lengthy follow-up to
assess treatment outcomes was unnecessary. Although we report MCIDs for legacy
measures, the use of MCIDs was to attribute the clinical correlation to the size of the clinical
effect reported by the outcome measures. The aim of this study was not to evaluate the
participants’ function and symptoms but to evaluate the performance of PROMIS measures
in comparison with legacy measures. Finally, our study included only English-speaking
patients, and as such, the findings may not be generalizable to non—-English-speaking
patients.

JAm Acad Orthop Surg. Author manuscript; available in PMC 2020 June 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bhatt et al.

Page 8

Despite potential limitations, we found that PROMIS can be incorporated in a busy surgical
practice with minimal additional time and resources required. In addition, our results suggest
good evidence of responsiveness, convergent, and known group validity. We found the real-
time scoring and interpretation provided by PROMIS improved our ability to capture
accurate and meaningful functional outcome data.

Conclusions

PROMIS CATs for PB, PI, and PF demonstrate responsiveness and convergent and known
groups’ validity among patients surgically treated for a lumbar disk herniation. PROMIS
CATs perform comparably against commonly used PRO measures and require less time to
complete. The PROMIS CATs demonstrate advantages compared with the standard legacy
instruments through improved efficiency in measuring the treatment effect. Because of these
advantages, we suggest the PROMIS CATs can be a useful, efficient, and practical tool for
tracking patient outcomes after surgical management of lumbar disk herniation.
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Figurel.
Graph showing the distribution of PROMIS PF scores aggregate across time points. PF =

physical function, PROMIS = Patient-reported Outcomes Measurement Information System
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Figure 2.
Graph showing the distribution of PROMIS PB scores aggregate across time points. PB =

pain behavior, PROMIS = Patient-reported Outcomes Measurement Information System
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Figure 3.
Graph showing the distribution of PROMIS PI scores aggregate across time points. Pl = pain

interference, PROMIS = Patient-reported Outcomes Measurement Information System
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Figure 4.

Graph showing the change in Patient-reported Outcomes Measurement Information System
T-Scores and SF physical component score and mental component score composite score
over time. SF = Short Form
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Figureb.
Graph showing the Short Form-12 scores by Oswestry Disability Index severity groups.

MCS = mental component score, PCS = pain behavior score

JAm Acad Orthop Surg. Author manuscript; available in PMC 2020 June 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Bhatt et al.

o 8

w

1 2

Assessment

Figure 6.
Graph showing the change in the Oswestry Disability Index over time.
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