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Abstract
Study Design.—Prospective, cohort study.

Objective.—Demonstrate validity of Patient reported outcomes measurement information system
(PROMIS) physical function, pain interference, and pain behavior computer adaptive tests (CATS)
in surgically treated lumbar stenosis patients.

Summary of Background Data.—There has been increasing attention given to patient
reported outcomes associated with spinal interventions. Historical patient outcome measures have
inadequate validation, demonstrate floor/ceiling effects, and infrequently used due to time
constraints. PROMIS is an adaptive, responsive National Institutes of Health (NIH) assessment
tool that measures patient-reported health status.

Methods.—Ninety-eight consecutive patients were surgically treated for lumbar spinal stenosis
and were assessed using PROMIS CATSs, Oswestry disability index (ODI), Zurich Claudication
Questionnaire (ZCQ), and Short-Form 12 (SF-12). Prior lumbar surgery, history of scoliosis,
cancer, trauma, or infection were excluded. Completion time, preoperative assessment, 6 weeks
and 3 months postoperative scores were collected.

Results.—At baseline, 49%, 79%, and 81% of patients had PROMIS pain behavior (PB), pain
interference (PI1), and physical function (PF) scores greater than 1 standard deviation (SD) worse
than the general population. 50.6% were categorized as severely disabled, crippled, or bed bound
by ODI. PROMIS CATs demonstrated convergent validity through moderate to high correlations
with legacy measures (= 0.35-0.73). PROMIS CATs demonstrated known groups validity when
stratified by ODI levels of disability. ODI improvements of at least 10 points on average had
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changes in PROMIS scores in the expected direction (Pl = -12.98, PB = -9.74, PF = -7.53).
PROMIS CATs demonstrated comparable responsiveness to change when evaluated against legacy
measures. PROMIS PB and PI decreased 6.66 and 9.62 and PROMIS PF increased 6.8 points
between baseline and 3-months post-op (£ < 0.001). Completion time for the PROMIS CATs (2.6
min) compares favorably to ODI, ZCQ, and SF-12 scores (3.1, 3.6, and 3.0 min).

Conclusion.—PROMIS CATs demonstrate convergent validity, known groups validity, and
responsiveness for surgically treated patients with lumbar stenosis to detect change over time and
are more efficient than legacy instruments.

Keywords

computer adaptive tests; lumbar spinal stenosis; Oswestry Disability Index; pain; patient reported
outcomes; physical function; PROMIS; short-form 12; Zurich claudication questionnaire

Lumbar spinal stenosis (LSS) is defined as a narrowing of the lumbar spinal canal that can
lead to pain and disability (Figure 1). The disease usually occurs beyond the 5th decade of
life and the incidence increases with age with a prevalence of 1.7% to 10%.1# LSS causes
low back pain and neurogenic claudication with bilateral lower extremity pain, numbness,
tingling, and weakness with ambulation or standing. Surgical treatment is offered once
conservative options, including medications, epidural steroid injections, and physical
therapy, have failed. Compared with nonoperative care, surgical interventions for
symptomatic lumbar stenosis have demonstrated significantly better outcomes with respect
to pain and function.>8

The recent focus on high quality, cost-conscious health care requires a better understanding
of the effect of medical and surgical treatments on patient reported quality of life. Patient-
reported outcome (PRO) instruments are used to enhance objective clinical data, capture the
patients’ perception of treatment efficacy, well-being, quality of life, physical function, pain,
and satisfaction.’ Traditional PROs for LSS include the Zurich Claudication Questionnaire
(ZCQ), Oswestry disability index (ODI), and Short-Form 12 (SF-12). Psychometric
limitations of these measures include disease bias, inefficiency, and impreciseness at the
extremes of function.8 Floor effects, or the inability to distinguish low function scores in
PROs, are a significant issue for surgical LSS patients given their baseline level of disability
and pain, thus hindering quantifying outcome changes.

The goal of the patient-reported outcomes measurement information system (PROMIS) is to
develop a validated system of PRO measures that are universal across chronic conditions and
demographic groups.89 The reliability and validity of PROMIS measures are demonstrated
in a variety of pathology including depression, cancer, chronic obstructive pulmonary
disease, heart failure, and other pathologies.819-14 PROMIS measures include computer
adaptive tests (CATs). CATs offer precision and validity while using a smaller, targeted
subset of questions administered from a large pool of items, thereby reducing time needed to
complete PROs and potentially improving utilization.15-20

The validity of using PROMIS CATs in surgical treatment of LSS is unknown. The purpose
of this study is to evaluate the convergent validity, known groups validity, and
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responsiveness to change of PROMIS CATSs in patients undergoing surgical treatment of
LSS.

MATERIALS AND METHODS

After institutional approval, all consecutive patients undergoing surgery for the treatment of
symptomatic LSS between 18 and 95 years were enrolled. All patients had attempted and
failed nonoperative care and deemed surgical candidates by one of three fellowship trained
spine surgeons (A.P., J.S., and W.H.). Patients with prior lumbar surgery, non-English
speaking, a history of scoliosis, cancer, trauma, or infection were excluded. Patients
completed the PRO assessment using wireless internet tablets using the Assessment
CenterSM, as a web-based, online data collection tool used.

Assessments occurred preoperatively (visit 1) and 6 weeks (visit 2) and 3 months (visit 3)
postoperatively using individual secure login. Baseline assessments were completed in
clinic. Postoperative assessments were completed via telephone or internet. Patients unable
to use the iPad had the study coordinator read questions out loud and enter their response. At
each time point, patients were administered the PROMIS pain behavior CAT (PB), PROMIS
pain interference CAT (PI), PROMIS physical function CAT (PF), ODI, ZCQ, and SF-12.
Global assessment of change was captured at 6 weeks and 3 months postoperatively. Patients
were additionally asked about comorbid conditions to assess the influence of comorbidities
on pain, physical function, as well as a global rating of change to assess the patient’s
perception of change between assessments. The time for completion of each PRO was
captured through the Assessment center software.

MEASURES

ZCQ is a disease-specific PRO regarding LSS. There are 12 questions and an additional six
questions for those who have undergone treatment. ZCQ evaluates symptom severity,
physical function, and satisfaction with treatment. The higher the score, the higher is the
level of disability.

ODl is a PRO intended to evaluate the limitations of different activities of daily living. It is
comprised of 10 sections, scored on a 0 to 5 scale, 5 representing the most significant
disability. ODI score is calculated by dividing the summed score by the total possible score,
which is then multiplied by 100 and conveyed as a percentage.

SF-12 is a 12-item measure that evaluates physical, social, and mental function. It is
expressed as a physical component score (PCS) and mental component score (MCS). The
SF-12 scale uses a T-score (general population mean = 50, SD = 10) with greater scores
indicating improved health.

PROMIS CATs are administered using an algorithm that uses the previous question response
to identify the appropriate subsequent targeted question. CATS stop questions when a
specific measurement precision (standard error <3.0) or fixed number of items (12) is
reached. Therefore, 4 to 12 are administered to a patient. PROMIS utilizes T-scores, where
50 points reflect the general population mean (SD = 10). The PROMIS PF CAT v1.2 is
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administered from 121 items and evaluates capability for physical activities. Higher scores
indicate better physical function. The PROMIS Pl CAT v1.0 assesses how pain interferes
with activity and has 41 items. The PROMIS PB CAT v1.0 has 39 items and evaluates verbal
and nonverbal expressions of pain. For PROMIS Pl and PB CATSs, higher scores indicate
more pain or expressions of pain.

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

The global rating of change question evaluates perception of change between assessments to
evaluate responsiveness (“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.”

Statistical Analysis

PROMIS CAT scores were exported from Assessment CenterSM, SF-12 PCS and MCS
scores were calculated using the QualityMetric Health Outcomes(Lincoln, RI USA)™
Scoring Software 4.5. ODI scores were calculated according to developers’ instructions as
the percentage of total possible points.

In order to test discriminant (known-groups) validity, patients were grouped by disease
severity at baseline as measured by the ODI as well as by level of limitation in activity or
work (SF-12 item 3a). PROMIS was compared across groups using single Student ftests.

In order to evaluate responsiveness, the PROMIS CAT and legacy measures were compared
across time for those respondents with data from all three assessments. Changes between
assessments were calculated for all measures. Mean change from baseline (visit 1) scores
were compared using single Student Ztests. Pearson correlation coefficients were also
calculated using the change scores in order to evaluate responsiveness over time. The Global
Assessment of Change responses were collapsed into two groups: those who reported
feeling “much better” and all others. The standardized response mean (SRM = mean
change/SD of change) was calculated to quantify the relative level of change within these
groups. Effect sizes (mean difference divided by pooled SD) were calculated to provide
standardized estimates of group differences.

Changes were assessed for reaching minimal clinic important difference (MCID) thresholds.
Change scores were compared with MCID estimate for the following measures; PROMIS
Pl, PB, and PF 50% of SD, PROMIS Pl 3.5 to 5.5, ODI 6.8 to 22.9, SF-12 PCS 2.5 to 12.6,
SF-12 MCS 2.4 to 15.9.

Descriptive statistics were calculated for all scores at baseline to examine level of
impairment. Floor and ceiling effects were evaluated by determining percentage of patients
who had the highest and lowest possible scores for an instrument. Convergent validity was
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assessed using Pearson correlation coefficients between PROMIS CATs, ZCQ, ODI, and
SF-12 at baseline.

RESULTS

Of the 98 (63 female, 35 male) patients enrolled (mean age = 61.9, SD = 13.8), 82%
completed baseline, 6 weeks and 3 months assessments.

At baseline, patients demonstrated impairments in physical function and pain on all
measures including PROMIS PF (mean = 35.0, SD = 6.1), PROMIS PI (mean = 64.3, SD =
7.2), PROMIS PB (mean = 60.3, SD = 4.7), ODI (mean = 43.0, SD = 17.5), ZCQ total
symptom severity (mean = 3.3, SD =0.7), ZCQ PF (mean = 2.6, SD = 0.6), and SF-12 PCS
(mean = 33.2, SD = 8.3). Convergent validity was supported with multiple statistically
significant correlations in the expected direction at baseline between PROMIS CATs and
legacy measures. Specifically, ODI scores correlated strongly with PROMIS PB, PI, and PF
(r=10.60, 0.73, and —0.58, respectively, all £< 0.01). ZCQ PF and SF-12 PCS correlated
strongly with PROMIS PF (r=-0.061, £< 0.01; r=0.50, < 0.01,
respectively).Additionally, ZCQ pain strongly correlated with PROMIS Pl and PB at
baseline (r=10.66 and 0.59, A< 0.01).

Known groups validity was supported. Patients reporting ODI improvements at time 2 had
expected decreases in PROMIS Pl and PB (-12.98 and —9.74, respectively) and increased
PROMIS PF scores (mean = 7.53; Table 1). PROMIS change scores reached statistical
significance between improved and unchanged/worsened patients with the improved group
reporting better outcomes (all #< 0.001).

While only 6% to 9% of patients exhibited baseline PROMIS scores within five points of the
general population mean, by 3 months the number increased to approximately 33% to 40%
of patients (Table 2). Physical function and pain improved following surgery outcome
measures as expected. Observed change scores for PROMIS PB and PI demonstrated
decreases of 6.66 and 9.62, respectively between baseline and 3-months (P < 0.001), while
PROMIS PF increased 6.8 points over the same time period (£ < 0.001) (Table 3). The other
legacy measures demonstrated score changes consistent with the observed trend seen with
PROMIS CATs (ODI = -19, SF-12 PCS = 8.57, MCS = 5.04, ZCQ pain = -1.31, ZCQ
neuroischemic = —0.95, ZCQ total = —1.10; each £< 0.001; Table 3). The improvements
seen with PROMIS, ODI, and SF-12 scores reach MCID thresholds.

PROMIS CATs demonstrated responsiveness to treatment between time 1 and 2 when
comparing patients who reported improvement compared with all others with SRM of
PROMIS PB, PI, and PF of —1.20, —1.22, and 0.80, respectively as shown in Table 4 (P<
0.05). PROMIS CATSs also demonstrated responsiveness between time 2 and time 3 with
SRM of PROMIS PB, PI, and PF of —0.19, —0.33, and 0.40 as shown in Table 5.

The three PROMIS instruments took an average of 2.6 minutes to complete together, with
individual CAT completion times of 1.0 minutes for PB (SD = 0.8), 0.8 minutes for PI (SD =
0.6), and 0.8 minutes for PF (SD = 0.8). This compares favorably with the completion times
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for the ODI (mean = 3.1 min, SD = 1.4), ZCQ (mean = 3.6 min, SD = 1.6), and SF-12 (mean
=3.0 min, SD = 1.3) and is reduced compared with the total time for legacy measures.

PROMIS CATs demonstrated minimal floor and ceiling effects (Table 1). This is relevant for
LSS patients as a substantial number reported severe symptoms as determined by baseline
ODI score (severe disability = 32.0%, crippled = 16.5%, and bed-bound = 2.1%). A reduced
floor effect allows for more precise measurement of those with more impairment.

Patients’ reported disability was commonly described as being unaffected by overlapping or
concomitant pathology (ICC), with 70% and 59% of patients noting no concomitant painful
pathology at baseline and 3-month follow up time points.

DISCUSSION

This study establishes convergent validity, known groups validity, and responsiveness, of the
PROMIS PF, PI, and PB CATs in surgically treated LSS. These measures were brief and
exhibited minimal floor and ceiling effects. To our knowledge, this is the first assessment of
the validity of PROMIS CATSs for physical function, pain interference, and pain behavior in
surgically treated LSS.

PROMIS measures offer some advantages over legacy outcome instruments such as the ODI,
ZCQ, and SF-12. First, PROMIS allows universal symptom assessment so scores can be
compared across any other condition. Item banks enable flexibility in administration through
use of CATs or fixed length short forms. PROMIS allows comparisons even if patients did
not answer the same questions. Item banks can also be improved over time through the
addition of new items further reducing floor and ceiling effects.

At baseline, there is severe disability and pain in LSS patients which is consistent with
previously published reports.1->6 Up to 40% of surveyed patients stated their answers were
affected by concurrent comorbidities. This suggests that attributing a patient’s state of
health/disease or treatment to a singular disease entity can be misleading. Therefore, PROs
such as PROMIS that evaluate overall perception of pain and function is more effective to
understand overall disability than disease specific PROs.

Web-based data collection for PROMIS instruments allows for tracking completion times,
time and date stamps on responses, immediate scoring, and automated tracking of missing
data. Although CATSs require a computer for administration, their advantage in speed and
measurement precision facilitate making PROs available in real time during a clinical
encounter. This information can be used by health-care providers to facilitate assessment of
the patient, treatment evaluation, planning or modification. Patients can use PRO
information for tracking their health and facilitating patient-provider communication.

This study has several limitations. The 3-month follow-up period was selected for assessing
the validity of PROMIS CATs.” However, this time may not be sufficient for capturing
clinically significant outcomes as such this study does not provide validation of the surgical
procedures performed. Parker et aP suggested 12 months follow up, as they found 3 months
ODI MCID for lumbar surgery predicted 12 months MCID thresholds with only 62.6%
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specificity and 86.8% sensitivity. Longer follow-up of 1 to 2 years would be needed to
investigate the sustained effectiveness of surgical treatment. In the absence of defined
MCIDs for LSS, we reviewed available known MCIDs for comparable thoracolumbar spine
pathologies. While there are few publications for MCIDs for PROMIS PB, PI, and PB, an
acceptable but controversial estimate is 50% of the reported standard deviation (SD).22
Amtmann et a3 recently reported that a MCID of 3.5 to 5.5 points in PROMIS Pl scores
may be useful in low back pain patients. Some thoracolumbar spine literature reports a range
of 6.8 to 14.9 point decrease in ODI as a MCID and SF-12 PCS and MCS improvement of
2.5t0 6.1 and 10.1, respectively, as a MCID.23-27 Parker et a/ studied MCIDs for
decompression following same level recurrent lumbar stenosis, reporting MCID ranges for
ODI (8.2-19.9), SF-12 MCS (7.0-15.9), and SF-12 PCS (2.5-12.1). Previously reported
MCIDs for extension of lumbar fusion for adjacent segment disease for various outcome
measures included ODI (6.8-16.9), SF-12 PCS (6.1-12.6), and SF-12 MCS (2.4-10.8). ODI
MCID for transforaminal lumbar interbody fusion for degenerative lumbar spondy-lolithesis
are reported to range from 11 to 22.9. Due to variability in deriving and reporting MCID

thresholds, physicians should interpret reaching MCID thresholds in isolation with caution.
28
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Key Points

. PROMIS is an adaptive, responsive assessment tool that measures patient-
reported health status that is funded by the NIH.

. PROMIS CATs offer precision and validity while requiring a smaller, targeted
subset of questions administered from a large collection (/.e., item banks),
thereby significantly reducing the time needed to complete a measure.

. PROMIS CATs demonstrate convergent validity, known groups’ validity, and
responsiveness for surgically treated patients with symptomatic lumbar spinal
stenosis.
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Figure 1.
Normal spinal canal cross-section on left image compared with stenotic spinal canal cross-

section where the space for the white cerebrospinal fluid bathing the neural elements is
significantly decreased.
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TABLE 3.
Change in Scores Between Visits
Assessment Change in... N Mean sD Effect Size Range p-value*
2vsl PROMIS
Pain Behavior T-Score 83 | -5.94 7.42 -28,6.2 <0.001
Pain Interference T-Score 84 | -7.95 9.45 -33.1,19.2 | <0.001
Physical Function T-Score 83 | 3.50 8.23 -17.4,27.8 | <0.001
Oswestry
Oswestry Disability Index (ODI) 79 | -11.43 | 17.42 -53.6,24 <0.001
Zurich
Symptom Severity - Pain (1-5) 83 | -1.09 0.99 -3.7,1.0 <0.001
Symptom Severity - Neuroischemic (1-5) | 83 | —0.89 0.92 -35,1.2 <0.001
Symptom Severity - Total (1-5) 84 | -0.98 0.82 -3.6,0.7 <0.001
Physical Function (1-4) 84 | -0.78 0.76 -2.6,1.2 <0.001
SF-12
Physical Component Score 83 | 5.04 10.72 -24.8,34.5 | <0.001
Mental Component Score 82 | 3.16 11.14 -42.2,28.1 | 0.012
3vs2 PROMIS
Pain Behavior T-Score 78 | -0.55 9.02 -27.2,21.9 | 0.594
Pain Interference T-Score 79 | -1.00 9.97 -21.8,29.4 | 0.377
Physical Function T-Score 79 | 3.03 6.40 -16.3,19.8 | <0.001
Oswestry
Oswestry Disability Index (ODI) 75 | -7.12 14.96 -73.1,18 <0.001
Zurich
Symptom Severity - Pain (1-5) 77 | -0.21 0.73 -2.3,13 0.015
Symptom Severity - Neuroischemic (1-5) | 77 | —0.06 0.62 -1.8,2.0 0.358
Symptom Severity - Total (1-5) 78 | -0.12 0.47 -1.4,09 0.022
Physical Function (1-4) 78 | -0.19 0.52 -14,1.2 0.002
SF-12
Physical Component Score 78 | 3.22 9.39 -27.5,25.1 | 0.003
Mental Component Score 78 | 2.21 10.33 -16.6,40.6 | 0.062
3vsl PROMIS
Pain Behavior T-Score 86 | —6.66 9.49 -0.70 -34.2,23.9 | <0.001
Pain Interference T-Score 86 | —-9.62 10.95 | -0.88 -36.1,15.2 | <0.001
Physical Function T-Score 87 | 6.80 7.06 0.96 -5.8,24.6 <0.001
Oswestry
Oswestry Disability Index (ODI) 85 | -19.00 | 19.87 | —0.96 -70, 35.6 <0.001
Zurich
Symptom Severity - Pain (1-5) 87 | -1.31 1.03 -1.27 -3.67,1 <0.001
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Assessment Change in... N Mean SD Effect Size Range p-value*

Symptom Severity - Neuroischemic (1-5) | 86 | —0.95 0.99 -0.96 -3.5,15 <0.001
Symptom Severity - Total (1-5) 87 | -1.10 0.87 -1.26 -3.6,0.6 <0.001
Physical Function (1-4) 87 | -0.96 0.70 -1.37 -2.6,0.6 <0.001
SF-12

Physical Component Score 86 | 8.57 10.84 | 0.79 -20.7,36.4 | <0.001
Mental Component Score 85 | 5.04 9.08 0.56 -13.1,29.1 | <0.001

*
P-value for t test of null hypotheses that mean change = 0.
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