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Abstract

Study Design: Retrospective review of prospective multicenter adult spinal deformity (ASD) database.

Objective: To create a model based on baseline demographic, radiographic, health-related quality of life (HRQOL), and surgical factors
that can predict patients meeting the Oswestry Disability Index (ODI) minimal clinically important difference (MCID) at the two-year
postoperative follow-up.

Summary of Background Data: Surgical correction of ASD can result in significant improvement in disability as measured by ODI, with
the goal of reaching at least one MCID. However, a predictive model for reaching MCID following ASD correction does not exist.
Methods: ASD patients =18 years and baseline ODI = 30 were included. Initial training of the model comprised forty-three variables
including demographic data, comorbidities, modifiable surgical variables, baseline HRQOL, and coronal/sagittal radiographic parameters.
Patients were grouped by whether or not they reached at least one ODI MCID at two-year follow-up. Decision trees were constructed using
the C5.0 algorithm with five different bootstrapped models. Internal validation was accomplished via a 70:30 data split for training and
testing each model, respectively. Final predictions from the models were chosen by voting with random selection for tied votes. Overall
accuracy, and the area under a receiver operating characteristic curve (AUC) were calculated.

Results: 198 patients were included (MCID: 109, No-MCID: 89). Overall model accuracy was 86.0%, with an AUC of 0.94. The top 11
predictors of reaching MCID were gender, Scoliosis Research Society (SRS) activity subscore, back pain, sagittal vertical axis (SVA),
pelvic incidence—lumbar lordosis mismatch (PI-LL), primary version revision, T1 spinopelvic inclination angle (T1SPI), American Society
of Anesthesiologists (ASA) grade, T1 pelvic angle (T1PA), SRS pain, SRS total.

Conclusions: A successful model was built predicting ODI MCID. Most important predictors were not modifiable surgical parameters,
indicating that baseline clinical and radiographic status is a critical factor for reaching ODI MCID.

Level of Evidence: Level II.

© 2018 Scoliosis Research Society. All rights reserved.

Keywords: Adult spinal deformity; Oswestry Disability Index; Minimum clinically important difference; Scoliosis; Predictive modeling

2212-134X/$ - see front matter © 2018 Scoliosis Research Society. All rights reserved.
https://doi.org/10.1016/j.jspd.2018.02.010


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jspd.2018.02.010&domain=pdf
https://doi.org/10.1016/j.jspd.2018.02.010
https://doi.org/10.1016/j.jspd.2018.02.010
https://doi.org/10.1016/j.jspd.2018.02.010
http://www.spine-deformity.org

594 J.K. Scheer et al. / Spine Deformity 6 (2018) 593—599

Author disclosures: JKS (grants from DePuy Synthes, during the conduct
of the study), JAO (grants from DePuy Synthes, during the conduct of the
study), JSS (grants from DePuy Synthes, during the conduct of the study; per-
sonal fees from K2M, Zimmer Biomet, NuVasive, and Cerapedics; grants
from DePuy Synthes; other from AO Spine; other from Neurosurgery
Research and Education Foundation [NREF], outside the submitted work),
FS (grants from DePuy Synthes, during the conduct of the study; personal fees
from Medicrea, MSD, K2M, Nemaris, Zimmer Biomet, and NuVasive,
outside the submitted work), RAH (grants from DePuy Synthes, during the
conduct of the study), RH (grants from DePuy Synthes, during the conduct
of the study; personal fees from DePuy Synthes; other from DePuy Synthes,
Seeger, NuVasive, DJO, and K2M, outside the submitted work), VL (grants
from DePuy Synthes, during the conduct of the study; personal fees from DeP-
uy Synthes, Nemaris, Inc., NuVasive, MSD, and K2M; grants from SRS,
outside the submitted work), AJ (grants from DePuy Synthes, during the
conduct of the study), DCB (grants from DePuy Synthes, during the conduct
of the study; personal fees from DePuy Spine, other from University of Kansas
Physicians, Inc., International Spine Study Group, and Scoliosis Research So-
ciety, outside the submitted work), SB (grants from DePuy Synthes, during the
conduct of the study; personal fees from Pioneer, K2 Medical, and AlloSource;
grants from DePuy Synthes, Medtronic, Stryker Spine, Biomet, NuVasive, and
Innovasis, outside the submitted work), TA (grants from DePuy Synthes,

Introduction

Adult patients with spinal deformity (ASD) generally
present with back and leg pain, neurologic symptoms (leg
weakness and/or numbness), and functional limitations
(difficulty standing upright, and exercise or ambulation
intolerance) [1-11]. Several studies demonstrate significant
relief of pain and improved function in a select group of
patients with ASD that undergo operative treatment
compared to non-operative treatments, including a higher
likelihood of reaching a minimum clinically important
difference (MCID) [9-19]. Given that ASD surgery is
associated with a high complication rate [20-26], it is
critical to assess patient reported outcomes in the context of
a clinically applicable difference.

Clinical improvement following ASD surgery can be
evaluated with changes in common patient reported out-
comes scores such as the Oswestry Disability Index (ODI)
[27], the Scoliosis Research Society questionnaire (SRS)
[28-30], and the Medical Outcomes Short Form-36 (SF36)
[31]. However, statistically significant differences in the
above outcome metrics may be achieved postoperatively,
yet the clinical implications of that difference may remain
unknown. The MCID of an outcomes score attempts to
define the minimum difference that is clinically meaningful
to the patient [32,33]. This definition can aid in identifying
the patients that had a clinically significant improvement in
their outcome score and MCID values have been previously
established [30,34,35] .

Recent attempts have been made to characterize the
patients that will have the ‘“best” or ‘“worst” outcome
following ASD surgery [16]. Smith and colleagues inves-
tigated 227 patients with ASD who underwent surgery and
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identified factors associated with the best (final Oswestry
Disability Index [ODI] =<15) or worst (final ODI =50)
outcomes. The authors found that patients with the worst
outcome had lower baseline ODI and Scoliosis Research
Society (SRS)-22r scores, more back pain, greater body
mass index (BMI), higher prevalence of depression, and
higher prevalence of positive sagittal malalignment than the
patients in the best group. Although this study provides
valuable insight into which factors are associated with
successful surgery, it does not provide a useable model to
predict patients’ outcome a priori. Such a model can be
very beneficial to both the surgeon and the patient. Surgical
decision making could involve a predictive model that is
deployed at the point of care setting and in real time
generate the probabilities of success (MCID), complication
rates, length of hospital stay, and potential costs to name a
few possibilities. This information would be patient-
specific and could influence what surgery is best suited
for an individual patient; it could even provide a better
discussion for shared decision making. For the surgeon,
prior to surgery, the surgeon may identify risk factors that
could be used to optimize a surgical plan that will result in
a higher success rate of surgery and a complication rate that
is low and acceptable to both the surgeon and patient.
Predictive modeling could also be used to determine the
extent of an operation that may be best suited for an indi-
vidual patient taking onto account the patient-specific fac-
tors. Therefore, the goal of this study was to create a
preoperative predictive model from baseline demographic,
radiographic, health-related quality of life (HRQOL), and
surgical factors that can predict the likelihood that a patient
will have the best outcome as defined by meeting the ODI
MCID at the two-year postoperative time point.
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