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OBJECTIVE  The purpose of this study was to investigate the cost utility of nonoperative treatment for adult spinal defor-
mity (ASD).
METHODS  Nonoperatively and operatively treated patients who met database criteria for ASD and in whom complete 
radiographic and health-related quality of life data at baseline and at 2 years were available were included. A cost analy-
sis was completed on the PearlDiver database assessing the average cost of nonoperative treatment prior to surgical 
intervention based on previously published treatments (NSAIDs, narcotics, muscle relaxants, epidural steroid injections, 
physical therapy, and chiropractor). Utility data were calculated using the Oswestry Disability Index (ODI) converted to 
SF-6D with published conversion methods. Quality-adjusted life years (QALYs) used a 3% discount rate to account for 
residual decline in life expectancy (78.7 years). Minor and major comorbidities and complications were assessed ac-
cording to the CMS.gov manual’s definitions. Successful nonoperative treatment was defined as a gain in the minimum 
clinically importance difference (MCID) in both ODI and Scoliosis Research Society (SRS)–pain scores, and failure was 
defined as a loss in MCID or conversion to operative treatment. Patients with baseline ODI ≤ 20 and continued ODI of ≤ 
20 at 2 years were considered nonoperative successful maintenance. The average utilization of nonoperative treatment 
and cost were applied to the ASD cohort.
RESULTS  A total of 824 patients were included (mean age 58.24 years, 81% female, mean body mass index 27.2 
kg/m2). Overall, 75.5% of patients were in the operative and 24.5% were in the nonoperative cohort. At baseline patients 
in the operative cohort were significantly older, had a greater body mass index, increased pelvic tilt, and increased pelvic 
incidence–lumbar lordosis mismatch (all p < 0.05). With respect to deformity, patients in the operative group had higher 
rates of severe (i.e., ++) sagittal deformity according to SRS–Schwab modifiers for pelvic tilt, sagittal vertical axis, and 
pelvic incidence–lumbar lordosis mismatch (p < 0.05). At 2 years, patients in the operative cohort showed significantly 
increased rates of a gain in MCID for physical component summary of SF-36, ODI, and SRS-activity, SRS-pain, SRS-
appearance, and SRS-mental scores. Cost analysis showed the average cost of nonoperative treatment 2 years prior 

J Neurosurg Spine  Volume 39 • December 2023 751©AANS 2023, except where prohibited by US copyright law

Brought to you by Duke University | Unauthenticated | Downloaded 12/22/23 05:25 PM UTC



Passias et al.

J Neurosurg Spine  Volume 39 • December 2023752

Adult spinal deformity (ASD) is a complex mal-
alignment that often requires surgical intervention 
to relieve patients of severe pain and disability. As 

attention on cost-effectiveness and healthcare spending 
has heightened, recent literature suggests that the cost of 
corrective ASD surgery can be upwards of $100,000.1–3 
With the prevalence of ASD ranging from 32% to 68%, 
there is increased focus on the optimal treatment modality 
for these patients.

The initial course of treatment for patients with ASD is 
often nonoperative, consisting of physical therapy, medi-
cation, steroid injections, bracing, and chiropractor visits.4 
Depending on the initial level of deformity, disability, and 
pain, patients will often cross over to operative manage-
ment to limit disease progression and improve quality of 
life. Prior to this crossover, however, the amount of re-
source utilization in conservative treatment varies and the 
additional economic burden of prolonged nonoperative 
treatment has been understudied in the literature.

The aim of our study was to analyze the resource uti-
lization and cost of nonoperative treatment for patients 
with ASD. Additionally, we determined to which cohort 
an extensive nonoperative course of treatment would be 
beneficial, and in which it would be most cost-effective.

Methods
Study Design, Inclusion, and Exclusion Criteria

A retrospective cohort review of a prospective multi-
center ASD database was conducted. Institutional review 
board approval and informed consent was obtained from 
13 centers across the US prior to patient enrollment. In-
clusion criteria encompassed patients ≥ 18 years and a 
minimum of one of the following radiographic measures: 
pelvic tilt (PT) ≥ 25°, Cobb angle ≥ 20°, sagittal vertical 
axis (SVA) ≥ 5 cm, and/or thoracic kyphosis > 60°. Op-
eratively and nonoperatively treated patients who met da-
tabase criteria for ASD with complete radiographic and 
health-related quality of life (HRQOL) data at baseline 
and at 2 years postsurgery were included for analysis. Pa-
tients included in the nonoperative cohort were identified 
as those who had only undergone nonoperative treatment 
at the time of analysis, including physical/occupational 
therapy, pain management, chiropractor visits, and steroid 
injections.

Data Collection and Radiographic Parameters
Using standardized data collection forms, patient dem-

ographic, clinical, and operative data were recorded. The 
demographic data compiled consisted of a patient’s age, 
sex, body mass index (BMI), and Charlson Comorbidity 
Index. Levels fused, length of stay (LOS), operative time, 
performance of decompression, surgical approach, and os-
teotomies encompassed the surgical parameters. To certi-
fy data accuracy, study coordinators at each center assisted 
with data collection, allowing for routine auditing. Patient-
reported outcome measures collected prospectively at 
baseline and at follow-up visits were as follows: Oswestry 
Disability Index (ODI), SF-36 questionnaire, and Scoliosis 
Research Society Outcomes Questionnaire (SRS-22). Im-
provements in outcomes were evaluated using minimum 
clinically importance difference (MCID) thresholds; these 
were used based on published values in the literature for 
ODI (12.8), SF-36 (4.9), SRS-pain (0.587), SRS-mental 
(0.42), SRS-activity (0.375), and SRS-appearance (0.8).

At baseline and follow-up intervals, full-length free-
standing lateral spine radiographs (36-inch cassette) were 
collected. Using SpineView (ENSAM; Laboratory of Bio-
mechanics) software, radiographic images were analyzed 
according to previously published validated and standard-
ized techniques.5–7 Spinopelvic radiographic parameters 
measured included pelvic incidence, PT, thoracic kypho-
sis (T4–12), SVA, pelvic incidence–lumbar lordosis mis-
match (PI-LL), and LL (T12–S1).

Cost Calculation
The PearlDiver database was used to calculate costs by 

using job order cost accounting (charge analysis). Reflect-
ing both Medicare reimbursement and private insurance, 
the PearlDiver data are some of the most comprehensive 
data sets with access to Medicare reimbursement charges, 
outcome data, and trends. Using mean costs associated 
with procedures based on 2018 ASD diagnosis-related 
groups, the database allows for increased generalizabil-
ity.8–12 Major and minor complications, major and minor 
comorbidities, and revisions were assessed and account-
ed for according to CMS.gov manual definitions.13 Two-
year reimbursement consisted of a standardized estimate 
in which regression analysis of Medicare pay scales was 
used for all services rendered within a 30-day window, 

to surgical intervention to be $2041. Overall, at 2 years patients in the nonoperative cohort had again in ODI of 0.36, 
did not show a gain in QALYs, and nonoperative treatment was determined to be cost-ineffective. However, a subset of 
patients in this cohort underwent successful maintenance treatment and had a decrease in ODI of 1.1 and a gain in util-
ity of 0.006 at 2 years. If utility gained for this cohort was sustained to full life expectancy, patients’ cost per QALY was 
$18,934 compared to a cost per QALY gained of $70,690.79 for posterior-only and $48,273.49 for combined approach in 
patients in the operative cohort.
CONCLUSIONS  Patients with ASD undergoing operative treatment at baseline had greater sagittal deformity and great-
er improvement in health-related quality of life postoperatively compared to patients treated nonoperatively. Addition-
ally, patients in the nonoperative cohort overall had an increase in ODI and did not show improvement in utility gained. 
Patients in the nonoperative cohort who had low disability and sagittal deformity underwent successful maintenance and 
cost-effective treatment.
https://thejns.org/doi/abs/10.3171/2023.7.SPINE23195
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including estimates regarding costs of postoperative com-
plications, outpatient healthcare encounters, revisions, and 
medical-related readmissions. After accounting for major 
and minor complications, major and minor comorbidities, 
LOS, revisions, and death, the cost per quality-adjusted 
life year (QALY) at 2-year follow-up as well as life ex-
pectancy were calculated. For nonoperative patients, na-
tional averages of nonoperative treatment received prior 
to surgical intervention were derived from the PearlDiver 
database based on the most common treatment modalities. 
Narcotics, muscle relaxants, epidural steroid injections, 
physical therapy/occupational therapy, chiropractor, and 
NSAIDs were determined to be the most common nonop-
erative treatment based on previously published literature. 
Based on usage of nonoperative treatment, a cost analysis 
was conducted to determine the overall cost of this treat-
ment.

Utility Calculation
Utility data were calculated by converting ODI to SF-

6D based on a conversion methodology published in the 
literature.9,14,15 QALYs were used as an assessment of out-
come, with QALYs gained calculated via the following 
equation:16 QALYs gained = (Qi − Q)(1 − e−rL/r).

As a measure of HRQOL, QALYs allow for a calcula-
tion of quality of life (Q) while accounting for life expec-
tancy (L), Napier’s mathematical constant (e), and the dis-
count rate (r). QALYs used a 3% discount rate as recom-
mended by the WHO to account for residual decline in life 
expectancy.8,17,18 The total utility gained was determined 
from the improvement in Q (Qi − Q) and was multiplied by 
the life expectancy to determine total QALYs gained. The 
US national averages for males (76.9 years) and females 
(81.6 years) were manually selected for life expectancy.

Statistical Analysis
Patients with ASD in the operative (identified by ap-

proach: posterior vs combined) and nonoperative cohorts 
in whom complete baseline and 2-year radiographic stud-
ies as well as HRQOL data were available were isolated. 
A cost analysis was conducted on the PearlDiver database 
assessing the average cost of nonoperative treatment prior 
to surgical intervention based on previously published 
treatments including the following: 1) NSAIDs; 2) narcot-
ics; 3) muscle relaxants; 4) epidural steroid injection; 5) 
physical therapy; and 6) chiropractor. Utility data were 
calculated using ODI converted to SF-6D at 2 years with 
published conversion methods. Chi-square and indepen-
dent sample t-tests assessed differences in baseline demo-
graphics, clinical data, and surgical characteristics. All 
statistical analyses were conducted using SPSS version 25 
(IBM Corp.).

Results
Patient Demographics

A total of 824 patients with ASD met inclusion criteria. 
The mean patient age was 58.2 ± 14.8 years, BMI was 27.2 
± 5.9 kg/m2, Charlson Comorbidity Index was 1.6 ± 1.6, 
ASD–frailty index was 2.9 ± 1.7, and 81% of patients were 
female. Overall, 75.5% of patients were classified as op-

erative and 24.5% were nonoperative. At baseline, patients 
in the operative cohort were significantly older (59.9 years 
vs 52.1 years, p < 0.001); had a greater BMI (27.7 kg/m2 
vs 25.4 kg/m2, p < 0.001); increased PT (24.4° vs 19.6°, p 
< 0.001); and increased PI-LL (16.2° vs 4.4°, p < 0.001). 
With respect to deformity, patients in the operative cohort 
had significantly higher rates of severe (i.e., ++) sagittal 
deformity according to SRS–Schwab modifiers for PT 
(29.3% vs 16.8%, p < 0.001), SVA (29.6% vs 6.5%, p < 
0.001), and PI-LL (39.5% vs 19.3%, p < 0.001) (Table 1).

Surgical Details for Operative Cohort
Patients had a mean of 11.1 ± 4.2 levels fused, an esti-

mated blood loss of 1574 ± 1464 mL, and operative time 
of 377 ± 134 minutes. Overall, 69.7% of patients had a 
posterior-only approach, 29.6% had a combined approach, 
0.7% had an anterior-only approach, 70% underwent an 
osteotomy, and 54% had a decompression performed. The 
average LOS for the cohort was 7.7 ± 4.3 days.

HRQOL Scores
Nonoperatively treated patients presented at the 2-year 

time point with significantly higher SRS-pain (3.3 vs 2.4, 
p < 0.001); SRS-activity (3.9 vs 2.9, p < 0.001); SRS-ap-
pearance (3.3 vs 2.4, p < 0.001); SRS-mental (3.8 vs 3.4, 
p < 0.001); SRS-satisfaction (3.4 vs 2.8, p < 0.001); and 
SRS-total (3.5 vs 2.8, p < 0.001) scores; and with lower 
ODI (23.1 vs 43.9, p < 0.001) scores compared with the 
surgically treated cohort (Table 2).

Patients with posterior-only and combined approach 
(operative cohort) did not significantly differ in baseline 
ODI (44.3 vs 41.5, p = 0.263). At 2 years, there were no 
significant differences between the cohorts on meeting 
MCID for ODI, physical component summary, SRS-ac-
tivity, SRS-pain, SRS-appearance, or SRS-mental scores 
(all p > 0.05). At 2 years, patients in the operative cohort 
achieved MCID at higher rates for SRS-activity (66.4% vs 
24.3%, p < 0.001); SRS-pain (68.4% vs 28.2%, p < 0.001); 
SRS-appearance (71% vs 8.9%, p < 0.001); SRS-mental 
(43% vs 19.4%, p < 0.001); and ODI (51.8% vs 6.0%, p < 
0.001) scores. 

Cost Analysis
Cost analysis showed the average cost of nonoperative 

treatment 2 years prior to surgical intervention to be $2041. 
Overall, at 2 years patients in the nonoperative cohort had 
again in ODI of 0.36, did not show a gain in QALYs, and 
nonoperative treatment was found to be cost-ineffective.

TABLE 1. Comparison of cohort demographics in patients with 
ASD treated operatively or nonoperatively

Nonop Op p Value

Age (yrs) 59.9 52.1 <0.001
BMI (kg/m2) 27.7 25.4 <0.001
PT (°) 24.4 19.6 <0.001
PI-LL (°) 16.2 4.4 <0.001
SVA (cm) 51.1 62.3 0.032
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Cost of Nonoperative Maintenance
A subset of patients in the nonoperative cohort under-

went successful maintenance treatment and had a decrease 
in ODI of 1.1 and a gain in utility of 0.006 at 2 years. 
If utility gained for this cohort was sustained to full life 
expectancy, these patients’ cost per QALY was $18,934, 
compared to a cost per QALY gained of $70,690.79 for a 
posterior-only and $48,273.49 for a combined approach 
in patients who underwent operation. Post hoc testing for 
patients with a posterior-only versus a combined approach 
showed significantly greater reoperation rates (8.3% vs 
18%) and higher frailty scores at baseline (all p < 0.05). 
The mean 2-year cost for operative treatment was calcu-
lated to be $66,860.19. Patients in the operative cohort had 
a decrease in ODI of 16.82 and a gain in utility of 0.087 
at 2 years.

Discussion
ASD is a significant physiological and economic bur-

den for patients that can require extensive nonoperative 
management followed by an invasive surgical interven-
tion.19 With the increase in literature on the benefits of 
surgical treatment and the significant improvement that 
patients experience postoperatively, there remains a pau-
city of data on the benefits of a conservative approach.4 
With no established consensus on clinical decision-mak-
ing and definitive indications for corrective surgery, our 
study aimed to determine the efficacy of nonoperative 
and operative treatment in terms of QALYs and cost-ef-
fectiveness.

Literature from Passias et al. found that in patients 
treated nonoperatively who had an ODI ≥ 40, abnormal 
spinopelvic mismatch, and coronal scoliosis were signifi-
cantly associated with conversion to operative treatment.20 
This study provided insight beyond pure radiographic pa-
rameters and suggested the incorporation of significant 
clinical disability as an indication for surgical treatment. 
Additional studies comparing patients with ASD electing 
operative or nonoperative care previously substantiated 
this evidence of diminished patient-reported outcome 
measures for patients who eventually undergo operative 
treatment.21,22 These studies have been important to un-
derstanding the role of disability in disease burden and in 
paving the way for more definitive treatment recommen-
dations in an increasingly value-based care system.

A recent meta-analysis comparing 2-year outcomes 

of operative and nonoperative treatment of ASD further 
determined that SRS-22 questionnaire and ODI scores 
improved significantly postoperatively in patients who un-
derwent surgery, despite a worse baseline health status.4 
While attributing this diminished health status to possibly 
increased comorbidities and a progressive spinal deformi-
ty, the authors demonstrated that HRQOL was significant-
ly improved in surgically treated patients. However, their 
study still did not address the extent of initial nonoperative 
treatment or the cost-effectiveness of either approach.4

When analyzing cost-effectiveness of nonoperative 
treatment, our study similarly found that patients with 
ASD who underwent surgery had greater sagittal defor-
mity at baseline and increased improvement in HRQOLs 
postoperatively. Additionally, we were able to isolate a co-
hort of patients with low disability and sagittal deformity 
who experienced successful maintenance of pain and dis-
ability while undergoing cost-effective nonoperative treat-
ment. Although nonoperative treatment in the cohort with 
low disability was found to be cost-effective, an overall 
comparison of patient-reported outcomes found that this 
cohort had on average lower rates of reaching MCID than 
were found in the surgically treated cohort. Therefore, 
careful consideration of patient preoperative presentation, 
as well as their desire for undergoing surgery, is necessary 
for guiding operative versus nonoperative management. 
Further studies are required to determine the cost-effec-
tiveness of operative treatment compared to maintenance 
or the disadvantages of nonoperative treatment.

Limitations
The present study had several limitations that we ac-

knowledge. The cost data used for operative and nonop-
erative treatment were attained from the PearlDiver data-
base, which provides average Medicare reimbursements. 
This methodology may affect the generalizability of our 
results and underestimate cost efficiency relative to private 
insurers due to lower reimbursement from Medicare.23 Ad-
ditionally, because the Medicare population is older there 
may be increased costs associated with a higher incidence 
of complications and difficulty in management. Further-
more, selection of patients for surgical intervention or 
nonoperative treatment lacked homogeneity and uniform 
censuses due to the multicenter and multisurgeon nature 
of the database. Selection for nonoperative management 
was due to several factors, including but not limited to the 
following: patient desire, surgical risk, and surgeon discre-
tion. Moreover, the retrospective review of a multicenter 
database, although enhancing the clinical applicability of 
our findings, may introduce bias and result in errors dur-
ing data processing.

Conclusions
Patients with ASD undergoing operative treatment at 

baseline had greater sagittal deformity and greater im-
provement in HRQOL postoperatively compared to pa-
tients who did not undergo surgery. Additionally, patients 
in the nonoperative cohort overall had an increase in ODI 
and did not show improvement in utility gained. Patients 
with low disability and sagittal deformity treated nonop-

TABLE 2. Comparison of cohort-reported metrics at 2 years 
postoperatively

Outcome Score Nonop Op p Value

SRS-pain 3.3 2.4 <0.001
SRS-activity 3.9 2.9 <0.001
SRS-appearance 3.3 2.4 <0.001
SRS-mental 3.8 3.4 <0.001
SRS-satisfaction 3.4 2.8 <0.001
SRS-total 3.5 2.8 <0.001
ODI 23.1 43.9 <0.001
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eratively underwent successful maintenance and cost-ef-
fective treatment.
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