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OBJECTIVE After using PROsetta Stone crosswalk tables to calculate Patient-Reported Outcomes Measurement In-
formation System (PROMIS) Physical Function (PF) and Pain Interference (Pl) scores, the authors sought to examine 1)
correlations with Scoliosis Research Society-22r (SRS-22r) scores, 2) responsiveness to change, and 3) the relationship
between baseline scores and 2-year follow-up scores in adult spinal deformity (ASD).

METHODS PROsetta Stone crosswalk tables were used to converted SF-36 scores to PROMIS scores for pain and
physical function in a cohort of ASD patients with 2-year follow-up. Spearman correlations were used to evaluate the
relationship of PROMIS scores with SRS-22r scores. Effect size (ES) and adjusted standardized response mean (aSRM)
were used to assess responsiveness to change. Linear regression was used to evaluate the association between base-
line scores and 2-year follow-up scores.

RESULTS |n total, 425 (425/625, 68%) patients met inclusion criteria. Strong correlations (all |r| > 0.7, p < 0.001) were
found between baseline and 2-year PROMIS values and corresponding SRS-22r domain scores. PROMIS-PI showed
alarge ES (1.09) and aSRM (0.88), indicating good responsiveness to change. PROMIS-PF showed a moderate ES
(0.52) and moderate aSRM (0.69), indicating a moderate responsiveness to change. Patients with greater baseline pain
complaints were associated with greater pain improvement at 2 years for both SRS-22r Pain (B = 0.39, p < 0.001) and
PROMIS-PI (B = 0.45, p < 0.001). Higher functional scores at baseline were associated with greater average improve-
ments in both SRS-22r Activity (B = 0.62, p < 0.001) and PROMIS-PF (B = 0.40, p < 0.001).

CONCLUSIONS The authors found strong correlations between the SRS-22r Pain and Activity domains with corre-
sponding PROMIS-PI and -PF scores. Pain measurements showed similar and strong ES and aSRM while the function
measurements showed similar, moderate ES and aSRM at 2-year follow-up. These data support further exploration of
the use of PROMIS—computer adaptive test instruments in ASD.
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ed decision making. In adult spinal deformity (ASD) sur-

EASUREMENT of health-related quality of life
(HRQOL) outcomes in medicine is a necessary
endeavor, as it makes possible comparisons of

intervention effectiveness and evaluations of quality of
care.”*’> HRQOL measurements also aid healthcare-relat-

gery, for example, HRQOL measurements support patient
and surgeon decision making with respect to both appro-
priate timing for surgery and the outcome expectations of
patients and surgeons alike. HRQOL instruments may be

ABBREVIATIONS ASD = adult spinal deformity; aSRM = adjusted standardized response mean; BP = Bodily Pain; CAT = computer adaptive test; ES = effect size;
HRQOL = health-related quality of life; ODI = Oswestry Disability Index; PCS = Physical Component Summary; PF = Physical Function; Pl = Pain Interference; PROMIS =
Patient-Reported Outcomes Measurement Information System; SF-36 = Short Form-36; SRM = standardized response mean; SRS-22r = Scoliosis Research Society-22r.
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generic measures of health, such as the Short Form—36
(SE-36), or disease-specific measures, such as the Scoliosis
Research Society—22r (SRS-22r) questionnaire for ASD.!!3

Generic measures of health can be said to be universal-
ly applicable. They provide a picture of a patient’s function
or well-being regardless of that patient’s disease status or
comorbid conditions. The generic SF-36 comprises mul-
tiple subdomains and assesses both physical and mental
health status. This tool has undergone extensive psycho-
metric testing to ensure its internal and external validity as
well as its internal consistency and test-retest reliability.>!
The Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS), funded by the National Institutes
of Health (NIH), is a system of generic health measures
and is available to clinicians and researchers alike for
computer adaptive test (CAT) administration, a highly ef-
fective and efficient method of measure administration,
based on detailed item performance parameters derived
from supporting item response theory (IRT) analyses. In
short, CATs allow for the collection of precise patient-cen-
tered outcome scores while minimizing response burden
and overall measure administration time. PROMIS-CAT
scores are reported on a T-score metric and are typically
centered so that a score of 50 represents the average score
(i.e., mean) of the US general population for the particu-
lar domain being measured; T-score standard deviations
are in 10-point increments. Thus, the PROMIS generic
measurement system, delivered as CATs with available
population-based score interpretations, allows for the
rapid evaluation of patient HRQOL, including disability
and pain complaints, across various diseases. The use of
a common outcomes instrument across clinical practices
may facilitate economic and cost-effectiveness analyses
between distinct diseases, comparing, for example, the dis-
ease burden and relative cost-effectiveness of treatment for
ASD and hip osteoarthritis.

The SRS-22r is a disease-specific instrument for spinal
deformity and is valid and responsive to change in ASD.?
Both the SF-36 and PROMIS, which are generic in ori-
entation, have domains that may correlate with SRS-22r
domains: specifically, SF-36 Physical Function (PF) and
PROMIS-PF with SRS-22r Activity; SF-36 Bodily Pain
(BP) and PROMIS—Pain Interference (PI) with SRS-22r
Pain. The PROsetta Stone Project, a legacy-to-PROMIS
score-linking project, has provided both a score-linking
methodology for use in future measure linking studies and
a set of ready-to-apply score conversions or crosswalks.
Currently, a PROsetta Stone crosswalk exists for convert-
ing SF-36 domain scores to corresponding PROMIS do-
main scores (i.e., to place SF-36 scores on the PROMIS T-
score metric).* The PROsetta Stone library of crosswalks
was developed using three different “competing” state-
of-the-science psychometric linking methods to identify
a single best approach for estimating the corresponding
PROMIS score of interest. One major purpose of the cre-
ation of the PROsetta Stone score-linking crosswalk prod-
ucts was to allow researchers who had used legacy instru-
ments in their studies to convert their measurements to the
PROMIS metric for some or all of their analyses, thus en-
abling the reporting of findings on the widely comparable
PROMIS score metric.
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The purpose of this study was to use PROsetta Stone
crosswalks to convert SF-36 BP and PF scores from an
existing ASD cohort to their corresponding PROMIS
scores. We examined the responsiveness to change of
these converted PROMIS-PI and PROMIS-PF scores af-
ter a minimum of 2 years’ follow-up after ASD surgery
and compared these findings with legacy measurement
responsiveness to change. We hypothesized that signifi-
cant improvements in patient PROMIS scores would oc-
cur and that PROMIS scores would strongly correlate with
SRS-22r instrument legacy scores. Use of a generic health
measure in ASD may allow for immediate comparison to
population norms and provide a reference against which to
evaluate change. This could be of considerable benefit, as
prior work in spine surgery has shown inconsistent mea-
surement of change and disability using disease-specific
measures.® Furthermore, positive results from this study
may help support the greater integration of PROMIS into
ASD practices, including help guiding health domain mea-
surement choices, as practitioners move to PROMIS for
HRQOL assessment.

Methods

A multicenter, prospective, observational cohort of
ASD patients was reviewed to identify patients who had
enrolled from January 2008 to August 2014. Institutional
Review Board approval was obtained at all sites, and all
patients consented to enrollment in the prospective cohort.
Patients were eligible for analysis if their baseline and
2-year postoperative SF-36 scores were available. All pa-
tients had been treated via surgery, with their surgery hav-
ing been chosen at the discretion of the attending surgeon.
Crosswalk tables created by the PROsetta Stone Project
were used to estimate PROMIS-PI scores from SF-36 BP
scores, and PROMIS-PF scores from SF-36 PF scores.*
Median scores and ranges were obtained for all HRQOL
measurement data. Baseline data were compared between
those included in the analysis and those lost to follow-up.
No corrections for multiple comparisons were made.

Spearman’s rho correlation coefficients, which are non-
parametric and appropriate for the study sample’s non—
normally distributed SRS-22r data, were calculated be-
tween PROMIS-PI and SRS-22r Pain scores and between
PROMIS-PF and SRS-22r Activity scores for all patients
with corresponding data. Evans’ criteria were used to
evaluate the strength of obtained correlations, where a cor-
relation coefficient of 0.00 to 0.19 is “very weak,” 0.20 to
0.39 is “weak,” 0.40 to 0.59 is “moderate,” 0.60 to 0.79 is
“strong,” and 0.80 to 1.00 is “very strong.””’

Effect sizes (ESs) and standardized response means
(SRMs) were calculated for PROMIS-PI, PROMIS-PF,
SF-36 Physical Component Summary (PCS), SRS-22r
Pain, and SRS-22r Activity to estimate responsiveness to
change. ESs were calculated as mean change divided by
the standard deviation of baseline scores. Thus, ES here
represents a measure of the amount of change observed,
in terms of the observed baseline score standard deviation.
ESs were evaluated by the method proposed by Cohen,
where a large effect size is 0.80 or greater, a moderate ef-
fect is from 0.50 to 0.79, and a small effect is from 0.20 to



TABLE 1. Demographic and descriptive data of adult spinal
deformity cohort

Preop Descriptive Variable Value

Age inyrs 58.0 (14.9)
Sex

Male 93 (22%)

Female 332 (78%)
CCl score 1(0-8)
Prior spine surgery

No 217 (51%)

Yes 208 (49%)
Prior spine fusion

No 372 (87%)

Yes 53 (13%)
Thoracic coronal Cobb angle in degrees 30.4 (20.5)
Lumbar coronal Cobb angle in degrees 241 (12.8)

C7 sagittal vertical axis in mm 63 (74)

Pelvic tilt in degrees 23.8(10.9)
PI-LL mismatch in degrees 15.8 (21.2)
ODlI score 44 (0-92)
SRS-22r total score 2.8 (1.1-4.6)

CCl = Charlson Comorbidity Index; LL = lumbar lordosis; PI = pelvic incidence.
Values are presented as mean (SD), number of patients (%), or median
(range).

0.49.> SRMs were calculated as mean change divided by
the standard deviation of the mean change. SRMs were
adjusted according to the method of Middel and van Son-
deren to avoid over- or underestimation of responsiveness
to change and interpreted by Cohen’s method, as previous-
ly described." Thus, adjusted SRMs (aSRMs) were used to
account for the fact that baseline score status influences the
amount of change possible for any given patient (e.g., those
in the middle of the score range at baseline measurement
are able to improve more than those already at the top of
the score range).

We employed linear regression to evaluate the impact
of baseline scores on final follow-up scores. Changes in
scores were plotted against baseline scores to investigate
improvement that had occurred, dependent on score start-
ing value. For these analyses, statistical significance was
set at the p < 0.05 level. All linear regression analyses were
considered as exploratory in nature, and no corrections for
multiple comparisons were made. Analyses were conduct-
ed using IBM SPSS v23.0 (IBM Corp.).

Funding

DePuy Synthes Spine provides direct research support
to the International Spine Study Group Foundation.

Results

In total, 625 ASD patients were enrolled in our study,
and 425 (68%) had both baseline and 2-year follow-up SF-
36 data, allowing for calculations of PROMIS measures
and inclusion in planned analyses. Sample demographic
and descriptive characteristics are presented in Table 1.
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TABLE 2. Scores at baseline and 2-year follow-up
Baseline (n =425) 2 Yrs Postop (n = 425)

Domain

Measures of pain

SF-36 BP 8 (2-11) 6 (2-11)

SRS-22r Pain 2.4 (1.0-5.0) 3.4 (1-5)

PROMIS-PI 63.5(37.8-76.0) 56.6 (37.8-76)
Measures of function

SF-36 PF 17 (10-30) 21 (10-30)

SRS-22r Activity 3.0 (1.0-5.0) 3.6 (1.2-5)

PROMIS-PF 37.2 (24.5-61.7) 41.8 (24.5-61.7)

Values are presented as median (range).

The sample comprised mostly women (78%); there was
a wide range of observed radiographic deformity magni-
tudes and disability, as measured by the SRS-22r. Those
patients lost to follow-up had higher baseline Oswestry
Disability Index (ODI) scores (mean difference 3.6, 95%
CI10.3-6.9, p = 0.03). No other baseline data were signifi-
cantly different.

PROsetta Stone crosswalks provided the basis for cal-
culating PROMIS-PI and PROMIS-PF scores at baseline
and 2 years postoperatively (Table 2). Strong correlations
(@@ll Irl = 0.7, p < 0.001) were found between baseline and
2-year PROMIS scores and corresponding SRS-22r do-
main scores (Table 3). The median change in PROMIS-PI
was 7.6 points (range —19.4 to -38.2). The median change
in PROMIS-PF was —4.5 points (range -28.3 to -33.4).
PROMIS-PI showed a large ES (1.09) and a large aSRM
(0.88), indicating overall good responsiveness to change.
PROMIS-PF showed a moderate ES (0.52) and a moderate
adjusted SRM (0.69), indicating overall moderate respon-
siveness to change (Table 4). ESs and SRMs were similar
for PROMIS-PI and SRS-22r Pain. ESs and SRMs were
also similar for PROMIS-PF, SRS-22r Activity, and SF-36
PCS, though they were lower than the pain measurements,
indicating less responsiveness to change within the ASD
cohort. All function-domain measurements exhibited
moderate ES (range 0.52-0.75).

Greater baseline pain complaints (higher PROMIS-
PI) or functional limitations (lower PROMIS-PF) were
associated with larger improvements in PROMIS-PI and
PROMIS-PF scores at 2-year follow-up (Fig. 1). Patients

TABLE 3. Spearman rho correlations between corresponding
baseline and 2-year PROMIS and SRS-22r domains

SRS-22r Pain SRS-22r Activity
Baseline 2Yrs Baseline 2Yrs

PROMIS-PI

Baseline -0.73*

2yrs -0.85*

PROMIS-PF

Baseline 0.75*

2yrs 0.81*
*p<0.001.

J Neurosurg Spine Volume 30 « June 2019 803



Kelly et al.

who presented without pain complaints (PROMIS-PI < 50)
were rare (n = 27, 6%). Median change in PROMIS-PI for
this group showed an increase in pain (median -0.3; range
—15 to 12.1). Patients with greater baseline pain complaints
were associated with greater pain improvement at 2-year
follow-up for both SRS-22r Pain (B = 0.39, p < 0.001) and
PROMIS-PI (B = 045, p < 0.001). Patients with no physi-
cal dysfunction (PROMIS-PF = 50) were rare (n = 28, 7%).
These patients experienced a worsening of PROMIS-PF at
2-year follow-up (median 2.5; range -9.7 to 33.4). Patients
reporting severe PROMIS-PF complaints (PROMIS-PF
= 30) experienced the greatest improvement in function
scores (median —7.6; range —27.5 to -3.8). Worse functional
status at baseline was associated with greater average im-
provements in both SRS-22r Activity (B =0.62, p <0.001)
and PROMIS-PF (B = 0.40, p < 0.001).

Discussion

PROMIS is a generic HRQOL measurement instru-
ment system designed to be applicable across a wide range
of ages and diseases. A CAT method of administration is
available, which allows for faster collection of HRQOL
scores, minimizing response burden for the patient while
maintaining score precision standards. As PROMIS mea-
sures are new outcomes instruments for ASD, their re-
sponsiveness to change and correlation to legacy measures
have not been examined in the ASD context. The PROsetta
Stone Project’s crosswalk products allow for the conver-
sion of specific legacy measure scores, including SF-36
BP and PF scores, to corresponding PROMIS domain
scores.* The purpose of this paper was to examine the re-
sponsiveness to change of PROMIS-PI and PROMIS-PF
scores among ASD patients and to determine the potential
suitability of these measures for collection as measures of
health in ASD. SF-36 BP and PF scores were converted
to PROMIS-PI and PROMIS-PF scores, respectively, us-
ing PROsetta Stone linking tables. The properties of those
linked scores were examined, relative to legacy measure
scores from SF-36 PCS and SRS-22r Pain and Activity in
a cohort of surgically treated ASD patients.

We found strong correlations (all Irl = 0.7) between
crosswalked PROMIS-PI and SRS-22r Pain scores and
PROMIS-PF and SRS-22r Activity scores. These strong
correlations indicate that PROMIS-PI and PROMIS-PF
may assess pain and physical function similarly to the
SRS-22r instrument. The responsiveness of corresponding
PROMIS and SRS-22r domains to change was also similar.
The pain domain tools showed excellent responsiveness to
change, with ES > 1 for both and aSRM > 0.8. The activity
domains did not perform as well, with lower ES for both
PROMIS-PF and SRS-22r Activity. The SF-36 PCS exhib-
ited the highest ES and aSRM, indicating this instrument
was the most sensitive to change. The greater responsive-
ness to change of the SF-36 PCS may be a reflection of the
increased question burden, which PROMIS-CATs are de-
signed to minimize. The overall poor activity domain per-
formances may be reflections of the surgeries themselves
and not the outcome measure instruments, as pain may be
more favorably affected by surgery than function, due to
the nature of these long-fusion procedures. This theory is
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TABLE 4. ES, SRM, and aSRM for HRQOL measurement
instruments

ES SRM aSRM*
PROMIS-PI 1.09 0.92 0.88
PROMIS-PF 0.52 0.60 0.69
SF-36 PCS 0.75 0.79 0.85
SRS-22r Pain 11 0.9 0.82
SRS-22r Activity 0.67 0.75 0.86

* According to Middel and van Sonderen.

supported by the decline in function observed for the few
patients who did not report poor function at baseline.

Those patients with the most disability, in terms of both
pain and function, received the greatest benefits from sur-
gery. As seen in Fig. 1, lower baseline scores were associ-
ated with the greatest improvements at the 2-year follow-
up. Similarly, if we consider a score of 50 to be normal,
then those patients who had normal or better status were
unlikely to receive a benefit from ASD surgery. These data
are important, as they serve as a starting point for using
PROMIS HRQOL measures in the shared decision-mak-
ing process for ASD treatment. One must consider that the
overall disease state is a combination of the various mea-
sured domains and that some tradeoff might be considered
worthwhile to patients. For example, a patient with severe
pain but well-preserved function may appreciate the im-
provement in pain that comes with a loss of function. This
is seen in the decrease in PROMIS-PF scores observed in
those starting with higher PROMIS-PF. Thus, surgery can-
not be deemed a failure (or a success) based solely on the
results observed in any single health status domain. Know-
ing precisely what the expected outcomes of surgery are,
and which health status domains are expected to be im-
pacted, will greatly assist with decision making and help
set realistic expectations.

While no comparisons between PROMIS-PF and PRO-
MIS-PI CATs and the SRS-22r instrument currently exist,
our sample-observed correlations are consistent with prior
work in spinal diseases.!*#!2 PROMIS-PF and PROMIS-
PI have exhibited moderate to strong correlations with the
ODI, SF-36 PF, and the Neck Disability Index (NDI)."!?
That both PROMIS domains are strongly correlated with
the ODI and NDI emphasizes the inherent strengths and
weaknesses of disease-specific HRQOL measures. The
ODI and NDI are unlikely to discriminate between pain
and function complaints, rather offering a composite of a
patient’s health. The PROMIS measures allow for assess-
ment of individual complaints, accomplished using a simi-
lar number of administered items and with a more readily
interpreted score output. The PROMIS-PF item bank has
been shown to be unidimensional in spine disease, mean-
ing that it examines function as an individual trait.® The
PROMIS-PF item bank and its CATs are reliable and valid,
with small ceiling or floor effects. The latter is important
when one considers postoperative results. If patients clus-
ter around a particular value after surgery, then the result
is more likely attributable to limits of the procedure itself
rather than an inability of the instrument to detect differ-
ences between patients. Among the implications of this
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FIG. 1. Left: Baseline crosswalked PROMIS-PI versus change in PROMIS-PI at 2 years postoperatively. Higher scores indicate
greater disability. Right: Baseline crosswalked PROMIS-PF versus change in PROMIS-PF at 2 years postoperatively. Lower

scores indicate worse disability.

is that ASD expectations may be set during preoperative
counseling.

Our study is limited primarily by employing indirectly
obtained PROMIS-PF and PROMIS-PI scores, i.., us-
ing crosswalked SF-36 PF and BP to PROMIS-PF and
PROMIS-PI scores, respectively. Crosswalked scores are
ideal for group-based comparisons, yet they may not meet
score precision standards for examining individual-level
patient score differences. Thus, future work in the ASD
population will use directly obtained PROMIS scores.
However, our study confirms the great potential of using
such PROMIS generic measures with ASD patients and
provides evidence that the collection of PROMIS-PF and
PROMIS-PI measurement data could enhance ASD-relat-
ed care and decision making. As previously described, the
PROsetta Stone Project uses state-of-the-science item re-
sponse theory methods to create score-linking crosswalks.
The SF-36 instrument is a general measure of health and
is valid across multiple disease states. ASD is a hetero-
geneous disease, and there may be subsets of ASD that
perform better or worse according to PROMIS measure-
ment (e.g., revision deformities requiring osteotomies ver-
sus less complex, primary deformities). Regardless, as a
general measure of health the PROMIS domains, and ES/
SRM, should not be affected by this. Finally, the SRS-22r
comprises more than just pain and function measurements.
It also includes measures of self-image and mental health
domains. Some measurement of these through a PROMIS-
CAT will be required if PROMIS is to supplant the SRS-
22r legacy measure. The SRS-22r mental health domain
is nonspecific for psychiatric disease, and PROMIS mea-
sures include CATs for both anxiety and depression. Thus,
further work is needed to understand the most relevant
mental health measures for ASD decision making.

Conclusions

In conclusion, we present the first assessment of PRO-
MIS-PI and PROMIS-PF in an ASD population using
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PROMIS scores obtained from a crosswalk developed
from SF-36—to-PROMIS linking analyses. We have found
strong correlations between the SRS-22r Pain and Activity
domains with corresponding PROMIS-PI and -PF scores.
Furthermore, the pain assessments showed similar and
strong ESs and SRMs, while the function assessments
had similar, moderate ESs and SRMs at 2-year follow-up.
These data support further exploration of the PROMIS-
CAT instruments in ASD, as they may offer a reliable
method of HRQOL assessment with a minimum response
burden. However, development of specific spinal deformity
measures may be needed for self-image and disease-rele-
vant mental health assessments.
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