
Outcomes of Operative and Nonoperative Treatment
for Adult Spinal Deformity: A Prospective,
Multicenter, Propensity-Matched Cohort Assessment
With Minimum 2-Year Follow-up

BACKGROUND: High-quality studies that compare operative and nonoperative treat-
ment for adult spinal deformity (ASD) are needed.
OBJECTIVE: To compare outcomes of operative and nonoperative treatment for ASD.
METHODS: This is a multicenter, prospective analysis of consecutive ASD patients
opting for operative or nonoperative care. Inclusion criteria were age .18 years and
ASD. Operative and nonoperative patients were propensity matched with the baseline
Oswestry Disability Index, Scoliosis Research Society-22r, thoracolumbar/lumbar Cobb
angle, pelvic incidence–to–lumbar lordosis mismatch (PI-LL), and leg pain score. Anal-
yses were confined to patients with a minimum of 2 years of follow-up.
RESULTS: Two hundred eighty-six operative and 403 nonoperative patients met the
criteria, with mean ages of 53 and 55 years, 2-year follow-up rates of 86% and 55%, and
mean follow-up of 24.7 and 24.8 months, respectively. At baseline, operative patients
had significantly worse health-related quality of life (HRQOL) based on all measures
assessed (P , .001) and had worse deformity based on pelvic tilt, pelvic incidence–to–
lumbar lordosis mismatch, and sagittal vertical axis (P # .002). At the minimum 2-year
follow-up, all HRQOL measures assessed significantly improved for operative patients
(P, .001), but none improved significantly for nonoperative patients except for modest
improvements in the Scoliosis Research Society-22r pain (P = .04) and satisfaction
(P, .001) domains. On the basis of matched operative-nonoperative cohorts (97 in each
group), operative patients had significantly better HRQOL at follow-up for all measures
assessed (P , .001), except Short Form-36 mental component score (P = .06). At
the minimum 2-year follow-up, 71.5% of operative patients had $1 complications.
CONCLUSION: Operative treatment for ASD can provide significant improvement of
HRQOL at a minimum 2-year follow-up. In contrast, nonoperative treatment on average
maintains presenting levels of pain and disability.
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A
dults with spinal deformity characteristi-
cally present with pain and disability.1-15

Initial treatment for symptomatic adult
spinal deformity (ASD) is commonly nonoper-

ative, including physical therapy, steroid injec-
tions, and medications.16,17 Surgical treatment
may be discussed if patients have unsatisfactory
improvement with nonoperative measures.
Recent studies suggest that operative treatment

for selected patients with ASD may provide relief
of pain and disability.2,3,9,13,18 However, reported
complication rates associated with ASD surgery
are high, ranging from 10% to .80%.3,9,13

When the risk-benefit analysis for ASD surgery is
considered, discussions regarding anticipated
postsurgical pain relief may be helpful for ASD
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patients. Previous reports indicate that surgery for selected ASD
patients can provide approximately 60% relief of back and leg pain
and approximately 40% improvement in disability at the 2-year
follow-up.11,12 Although growing literature supports the benefits
of operative treatment for selected ASD patients, additional high-
quality studies comparing operative and nonoperative treatment
are needed.

Our primary objective in the present study was to
compareminimum2-year outcomes for operative and nonoperative
treatment for ASD using a prospective, multicenter patient
population with propensity-matched operative and nonoperative
cohorts.

METHODS

Patient Population

This is a multicenter, prospective assessment of ASD patients. Patients
were prospectively enrolled in a multicenter database through an
Institutional Review Board–approved protocol at 11 sites across the
United States. Database inclusion criteria were age.18 years and at least
1 of the following measures: scoliosis $20�, sagittal vertical axis (SVA)
$5 cm, pelvic tilt $25�, and thoracic kyphosis $60�.
At the time of study enrollment, patients chose either operative or

nonoperative treatment. This is a prospective, observational study, not
a randomized study, so the decision of whether to pursue operative or
nonoperative treatment for each patient was determined by the consent
process between the patient and the surgeon and was ultimately guided by
patient choice. No attempt was made to randomize any patient in this
study. Additionally, the choice of the type of operative or nonoperative

treatment was based on the consent process between the patient and the
corresponding surgeon. No attempt was made to randomize the type of
treatment for any patient in this study. Operative planning was at the
discretion of the surgeon. Standardized nonoperative treatment protocols
were not used; instead, nonoperative care was tailored to those opting for
this approach.Nonoperative treatments included, but were not limited to,
physical therapy, epidural steroid injections, pharmacological treatments,
and orthotic treatments. A flow diagram for patient selection is shown in
Figure 1.

Data Collection and Radiographic Assessment

Baseline and minimum 2-year follow-up data collected included
demographic, radiographic, operative, and health-related quality of life
(HRQOL) outcome values. HRQOL data collected included the modified
Oswestry Disability Index (ODI) as described by Fritz and Irrgang19 and
Fairbank et al,20 Scoliosis Research Society-22r (SRS-22r),21,22 the Short
Form-36 version 2 (SF-36),23 and the numeric rating scale (NRS) for back
and leg pain. Complications were assessed for the operative patients and
were classified as minor or major. Standardized data collection forms, on-
site study coordinators, and regular central auditing helped to ensure the
completeness of complication collection. A complication was classified as
major if it substantially prolonged hospitalization, involved an invasive
intervention, had prolonged or permanent morbidity, or resulted in death.
Thus, any complication associated with the need for reoperation was
considered major. Complications were further classified as perioperative
(within 6 weeks of surgery) or delayed (beyond 6 weeks from surgery).
Complications resulting from nonoperative treatments were not consis-
tently collected and are not reported in the present study.
Full-length free-standing anteroposterior and lateral spine radiographs

were analyzed with validated software (Spineview, ENSAMLaboratory of

FIGURE 1. Flow diagram for patient selection.
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Biomechanics, Paris, France).24,25 All radiographic measures were
performed at a central location and based on standard techniques,26,27

including scoliosis, global coronal alignment (offset of C7 plumb line
relative to the central sacral vertical line), thoracic kyphosis (Cobb angle
between superior endplate of T4 and inferior endplate of T12), lumbar
lordosis (LL; Cobb angle between superior endplate of L1 and superior
endplate of S1), SVA, pelvic tilt, pelvic incidence (PI), and mismatch
between PI and LL (PI-LL), as previously described.27 Operative and
nonoperative patients were classified on the basis of the SRS-Schwab
adult thoracolumbar spinal deformity classification.10,15,28

Data and Statistical Analysis

Frequency distributions and summary statistics were calculated for all
variables. For categorical variables, cross-tabulations were generated, and
the Fisher exact or Pearson x2 tests were used to compare distributions.
For continuous variables, unpaired t tests were used to assess differences
in the distributions between subsets of patients classified by categorical
data, and paired t tests were used to assess differences in means for the
same cohort between baseline and 2-year follow-up time points.
Statistical analyses were 2 sided, and values of P , .05 were considered
statistically significant.
Unmatched and propensity-matched analyses of the study cohort were

performed. For unmatched analyses, all patients meeting study criteria
were assessed. The propensity-matched analysis included generation of
operative and nonoperative patient groups matched according to baseline
ODI, SRS-22r, maximum thoracolumbar/lumbar Cobb angle, PI-LL,
and leg pain NRS score.29-31 Minimal clinically important difference
(MCID) values used for the corresponding HRQOL measures included
ODI (12.8), SF-36 physical component score (4.9), SRS pain (0.587),

SRS appearance (0.8), SRS activity (0.375), SRS mental (0.42), back
pain NRS score (1.2), and leg pain NRS score (1.6), as previously
reported.10,32-37

RESULTS

Patient Population

A total of 689 patientsmet the inclusion criteria, including 286 in
the operative group and 403 in the nonoperative group, with mean
ages of 54 and 55 years, respectively. Before reaching the minimum
2-year follow-up, 38 nonoperative patients converted to operative
treatment and were not analyzed in the present study. A minimum
2-year follow-up was achieved by 246 operative (86%) and 223
nonoperative patients (55%), and the mean follow-up for these
groups was 24.7 and 24.8 months, respectively.
Baseline demographic and clinical parameters for operative and

nonoperative groups are summarized in Table 1. Compared with
nonoperative patients, operative patients had significantly greater
body mass index (P = .003), greater comorbidities (P , .001),
and a higher prevalence of depression (P = .009), and a higher
percentage of operative patients had previous spine surgery
(P , .001). Sex, age, and smoking did not differ significantly
between the groups.
The SRS-Schwab classifications for the operative and non-

operative groups are summarized in Figure 2. There were no
significant differences in the distribution of coronal curve type
between the groups (P = .41). Patients in the operative group had

TABLE 1. Baseline Demographic and Clinical Parameters for Adults With Spinal Deformity Stratified Based on Nonoperative vs Operative

Treatment, Including Unmatched and Matched Cohortsa

Parameter

Treatment Group (Unmatched)

P ValueNonoperative (n = 223) Operative (n = 246)

Female sex, % 87 84 .21

Mean age (SD, range), y 52.6 (16.1, 18-84) 55.4 (15.2, 19-84) .06

Mean body mass index (SD, range), kg/m2 25.5 (5.9, 15.0-48.3) 27.1 (5.9, 16.8-54.1) .003b

Mean Charlson Comorbidity Index (SD, range) 0.9 (1.1, 0-5) 1.4 (1.6, 0-8) ,.001b

Depression, % 15.7 24.9 .009b

Smoker, % 11.9 9.3 .23

Previous spine surgery, % 18.6 42.6 ,.001b

Parameter

Treatment Group (Matched)

P ValueNonoperative (n = 97) Operative (n = 97)

Female sex, % 87.6 87.4 ..99

Mean age (SD, range), y 58.0 (13.5, 26-81) 51.4 (16.8, 19-80) .003b

Mean body mass index (SD, range), kg/m2 26.7 (5.8, 15.0-48.3) 25.4 (4.9, 18.0-42.5) .09

Mean Charlson Comorbidity Index (SD, range) 1.2 (1.1, 0-5) 1.0 (1.3, 0-8) .29

Depression, % 22.7 13.4 .14

Smoker, % 14.4 10.5 .51

Previous spine surgery, % 23.2 31.6 .15

aSVA, sagittal vertical axis.
bSignificant.
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significantly worse sagittal modifier grades, reflecting greater
baseline spinal deformity (P , .001).

The majority of operative patients (99%) were treated with
a posterior spinal fusion (mean, 9.7 [SD = 4.1] vertebral levels).
Anterior lumbar interbody fusion and lateral interbody fusion
procedures were performed for 27.3% and 7.3% of the operative
patients, respectively. Pedicle subtraction osteotomy and verte-
bral column resection procedures were performed in 15.4% and
4.5% of patients, respectively. The mean operative time was
7.4 hours, and the mean estimated blood loss was 2.0 L.
Complications by category for the operatively treated patients are
summarized in Table 2. One or more perioperative complications
occurred in 53.7% of patients, and $1 delayed complications
occurred in 43.5% of patients. Overall, 71.5% of patients had
experienced $1complications at a minimum 2-year follow-up.

Outcomes Assessment of Unmatched Operative and
Nonoperative Cohorts

At baseline, operative patients had significantly worse spinal
deformity compared with nonoperative patients, including worse
global coronal alignment, greater proportion of patients with
SVA .5 cm, greater pelvic tilt, and greater PI-LL (P # .002).
The operative and nonoperative groups had similar mean baseline
maximum coronal Cobb angles (P . .99). At the minimum
2-year follow-up, the spinal deformity for nonoperative patients
did not significantly change (SVA, pelvic tilt, maximum coronal

Cobb angle, and global coronal alignment; all P$ .19), except for
worsening of the mean PI-LL (P, .001). In contrast, at follow-up,
operative patients had significant improvement in maximum
coronal Cobb angle, global coronal alignment, proportion of
patients with SVA .5 cm, pelvic tilt, and PI-LL (P # .003).
At baseline, compared with nonoperative patients, operative

patients had significantly worse HRQOL based on all measures
assessed (ODI, SF-36 physical and mental component scores,
SRS-22r, and back and leg pain NRS scores; all P , .001). At the
last follow-up, operative patients had significant improvement in
all HRQOL measures (P, .001) compared with baseline values,
and the improvement was at least 1 MCID for the corresponding
HRQOL values. In contrast, the nonoperative patients demon-
strated modest mean improvements for the SRS-22r pain domain
(from 3.4 to 3.5; P = .04) and the SRS-22r satisfaction domain
(from 3.3 to 3.6; P , .001), but no other significant improve-
ments in outcomes measures were evident. The percentages of
patients reaching at least 1 MCID improvement from baseline to
follow-up with either nonoperative or operative treatment in the
overall operative and nonoperative are summarized in Figure 3.

Outcomes Assessment of Matched Operative and
Nonoperative Cohorts

A total of 97 operative and 97 nonoperative patients were
propensity matched (Table 1). The groups were well matched on
the baseline matching parameters: maximum thoracolumbar/

FIGURE 2. Distribution of Scoliosis Research Society–Schwab thoracolumbar deformity classification for 469 adults with
spinal deformity stratified based on nonoperative vs operative treatment. LL, lumbar lordosis; PI, pelvic incidence; SVA, sagittal
vertical axis.
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lumbar Cobb angle (P = .78), PI-LL (P = .50), leg pain NRS score
(P = .71), ODI (P = .93), and SRS-22 total score (P = .84; Tables
3 and 4). The matched groups did not differ significantly in sex,
body mass index, Charlson Comorbidity Index,38 depression,
smoking, or percentage with previous spine surgery (Table 1).

The nonoperative patients were modestly but significantly older
than the matched operative patients (mean age, 58.0 vs 51.4
years; P = .003). The matched groups demonstrated similar
degrees of baseline deformity, except for a modestly worse global
coronal alignment among operative patients (Table 3). At

TABLE 2. Summary of Complications by Category for 246 Adult Spinal Deformity Patients Treated Surgically and With Minimum 2-Year

Follow-up

Complication Category

Perioperative (#6 wk) Delayed (.6 wk) Total

Minor/Major Reoperation % Minor/Major Reoperation % Minor/Major Reoperation %

Implant 2/6 3a 3.3 10/46 23a 22.8 12/52 26a 26.0

Radiographic 4/8 6a 4.9 24/34 27a 23.6 28/42 33a 28.5

Neurological 20/19 6a 15.9 15/15 9a 12.2 35/34 15a 28.0

Operative 37/27 26.0 0/0 0 37/27 26.0

Cardiopulmonary 30/19 1a 19.9 1/3 1.6 31/22 1a 21.5

Infection 8/18 7a 10.6 4/7 5a 4.5 12/25 12a 15.0

Gastrointestinal 22/1 9.3 0/0 0 22/1 9.3

Wound (excluding infection) 3/6 4a 3.7 0/5 4a 2.0 3/11 8a 5.7

Vascular 4/0 1.6 1/0 0.4 5/0 2.0

Musculoskeletal 0/0 0 2/0 0.8 2/0 0.8

Renal 1/2 1.2 0/0 0 1/2 1.2

Other 2/1 1.2 0/0 0 2/1 1.2

Total (minor/major) 240 (133/107) 167 (57/110) 407 (190/217)

Mean complications/patient

(minor/major), n

0.98 (0.54/0.43) 0.68 (0.23/0.45) 1.65 (0.77/0.88)

Patients affected (%) 132 (53.7) 107 (43.5) 176 (71.5)

aMajor complications for each category that were associated with a reoperation.

FIGURE 3. Percentages of adult spinal deformity patients reaching at least 1 minimal clinically important difference
(MCID) improvement from baseline to a minimum 2-year follow-up with either nonoperative (n = 223) or operative (n =
246) treatment. NRS, numeric rating scale; ODI, Oswestry Disability Index; SF36-PCS, Short Form-36 physical component
score; SRS, Scoliosis Research Society.
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follow-up, the operative patients had significant improvement in
maximum thoracolumbar/lumbar Cobb angle, global coronal
alignment, proportion of patients with SVA .5 cm, and PI-LL
(P# .04; Table 3). Nonoperative patients had significantly worse
global coronal alignment (P = .02) and worse PI-LL (P, .001) at
follow-up (Table 3).

At follow-up, the matched operative patients had significant
improvement in all HRQOL measures assessed (P , .001),
except for SF-36 mental component score (P = .05), and for
each of the measures with reported values for MCID, the
improvement was at least 1 MCID (Table 4). In contrast, the
matched nonoperative patients lacked significant improve-
ment in HRQOL measures, except for modest improvements
in SRS-22r total score and SRS-22r pain and satisfaction
domains (Table 4). The percentages of propensity matched
patients reaching at least 1 MCID improvement from
baseline to the minimum 2-year follow-up with either
nonoperative or operative treatment are summarized in
Figure 4. At follow-up, compared with the nonoperative
matched patients, the operative patients had significantly
better scores for all measures of HRQOL assessed (P # .001),
except for SF-36 mental component score (P = .06) (Table 4).

Plots illustrating the baseline and follow-up mean HRQOL
and NRS pain scores for the matched groups are shown in
Figure 5.

DISCUSSION

The present study provides a prospective, multicenter assess-
ment of outcomes for operative vs nonoperative treatment for ASD
based on both unmatched and propensity-matched analyses at
a minimum 2-year follow-up. The unmatched cohort analyses
provided broad comparisons of outcomes between all nonopera-
tive and operative patients enrolled and allowed assessment of
baseline factors that differed between patients opting for operative
vs nonoperative treatment. The matched cohort analyses provided
groups of operative and nonoperative patients with similar baseline
radiographic and clinical features to better define the impact of
operative vs nonoperative treatment. Collectively, both
unmatched and matched assessments demonstrated improvement
in HRQOL with surgical treatment, whereas nonoperative
treatment maintained baseline levels of pain and disability.
A propensity-matched operative-nonoperative cohort was gen-

erated to control for potentially confounding factors that may

TABLE 3. Comparison of Baseline and Minimum 2-Year Follow-up Radiographic Parameters Within and Between Matched Nonoperative and

Operative Treatment Groups for 97 Pairs of Adult Spinal Deformity Patientsa

Radiographic Parameter (SD)

Treatment Group (Matched)
P Value

(Operative vs Nonoperative)Nonoperative (n = 97) Operative (n = 97)

Global positive sagittal malalignment, % with C7-S1 SVA .5 cm

Baseline 28.3 35.4 .35

Minimum 2-y follow-up 29.2 19.8 .18

P value (baseline vs 2 y) ..99 .02b —

Mean pelvic tilt, degrees

Baseline 21.0 (10.0) 21.0 (11.7) .78

Minimum 2-y follow-up 21.5 (10.8) 19.9 (10.8) .29

P value (baseline vs 2 y) .20 .10 —

Mean PI-LL mismatch, degrees

Baseline 7.7 (17.7) 9.6 (20.3) .50c

Minimum 2-y follow-up 10.2 (19.6) 1.4 (14.2) ,.001b

P value (baseline vs 2 y) ,.001b ,.001b —

Mean maximum TL/L coronal Cobb angle, degrees

Baseline 29.2 (16.1) 28.1 (19.7) .78c

Minimum 2-y follow-up 30.3 (16.6) 13.0 (11.9) ,.001b

P value (baseline vs 2 y) .08 ,.001b —

Mean coronal alignment, magnitude, mm

Baseline 23.4 (19.5) 34.2 (37.8) .03b

Minimum 2-y follow-up 27.9 (27.6) 26.6 (22.5) .61

P value (baseline vs 2 y) .02b .04b —

Mean thoracic kyphosis (T4-T12), degrees

Baseline 34.1 (16.3) 30.4 (16.6) .15

Minimum 2-y follow-up 32.7 (17.0) 36.7 (15.7) .11

P value (baseline vs 2 y) .13 ,.001b —

aLL, lumbar lordosis; PI, pelvic incidence; SVA, sagittal vertical axis.
bSignificant.
cP value reflects comparison of parameter used for baseline propensity matching of operative and nonoperative patient pairs.
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affect comparisons between each treatment approach. Five
parameters were selected for propensity scoring. Baseline ODI
and SRS-22r total score were selected to help control for the

baseline impact of the spinal deformity on a standardized measure
of disability (ODI) and on a disease-specific measure of HRQOL
(SRS-22r). Baseline thoracolumbar/lumbar coronal Cobb angle

TABLE 4. Comparison of Baseline and Minimum 2-Year Follow-up Clinical Outcomes Parameters Within and Between Matched Nonoperative

and Operative Treatment Groups for 97 Pairs of Adult Spinal Deformity Patientsa

Outcome Parameter (SD)

Treatment Group (Matched)
P Value

(Operative vs Nonoperative)Nonoperative (n = 97) Operative (n = 97)

ODI

Baseline 30.0 (14.8) 30.1 (16.3) .93b

Minimum 2-y follow-up 30.8 (18.0) 17.1 (17.3) ,.001c

P value (baseline vs 2 y) .59 ,.001c,d —

SF-36 physical component score

Baseline 39.1 (8.9) 37.4 (10.5) .11

Minimum 2-y follow-up 37.6 (9.9) 46.9 (10.7) ,.001c

P value (baseline vs 2 y) .16 ,.001c,d —

SF-36 mental component score

Baseline 47.3 (11.9) 50.9 (11.5) .01c

Minimum 2-y follow-up 48.9 (13.2) 52.7 (11.2) .06

P value (baseline vs 2 y) .25 .05 —

SRS-22r total score

Baseline 3.2 (0.6) 3.2 (0.5) .84b

Minimum 2-y follow-up 3.3 (0.7) 4.0 (0.7) ,.001c

P value (baseline vs 2 y) .02c ,.001c —

SRS-22r activity domain

Baseline 3.5 (0.8) 3.4 (0.8) .15

Minimum 2-y follow-up 3.6 (0.9) 4.0 (0.9) ,.001c

P value (baseline vs 2 y) .37 ,.001c,d —

SRS-22r pain domain

Baseline 2.9 (0.8) 2.9 (0.8) .96

Minimum 2-y follow-up 3.1 (0.9) 3.9 (0.9) ,.001c

P value (baseline vs 2 y) .03c ,.001c,d —

SRS-22r appearance domain

Baseline 3.0 (0.7) 2.8 (0.7) .012c

Minimum 2-y follow-up 3.0 (0.7) 4.0 (0.8) ,.001c

P value (baseline vs 2 y) .82 ,.001c,d —

SRS-22r mental domain

Baseline 3.5 (0.8) 3.9 (0.7) .001c

Minimum 2-y follow-up 3.6 (0.9) 4.1 (0.7) ,.001c

P value (baseline vs 2 y) .13 .001c —

SRS-22r satisfaction domain

Baseline 3.2 (1.0) 2.9 (1.0) .046c

Minimum 2-y follow-up 3.6 (1.0) 4.4 (0.9) ,.001c

P value (baseline vs 2 y) .001c ,.001c —

NRS back pain score

Baseline 5.1 (2.4) 6.4 (2.3) ,.001c

Minimum 2-y follow-up 5.5 (2.7) 2.7 (2.8) ,.001c

P value (baseline vs 2 y) .20 ,.001c,d —

NRS leg pain score

Baseline 3.2 (2.9) 3.1 (3.2) .708b

Minimum 2-y follow-up 3.7 (3.1) 1.8 (2.5) ,.001c

P value (baseline vs 2 y) .21 ,.001c,d —

aNRS, numeric rating scale; ODI, Oswestry Disability Index; SF-36, Short-Form, 36; SRS, Scoliosis Research Society.
bP value reflects comparison of parameter used for baseline propensity matching of operative and nonoperative patient pairs.
cSignificant.
dAverage change in score from baseline to follow-up is at least 1 minimal clinically important difference (MCID) for the respective health-related quality-of-life measure. Note

that relevant values for MCID have not been reported for SF-36 mental component score, SRS total score, or SRS satisfaction domain.
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and PI-LL were selected to control for the severity of the deformity
and to help control for the type of deformity. Baseline leg pain
NRS score was selected for propensity matching as a means of
partially controlling for the presence of stenosis, which is
significantly more prevalent in degenerative spinal deformities
compared with adult idiopathic scoliosis.4 Assessment of the
propensity-matched cohort suggested that the groups were well

matched, with no significant differences between the groups on
the basis of any of the matching parameters. In addition, beyond
the matching parameters, the groups were well matched for body
mass index, comorbidities, depression, and smoking status.
Instead of matching patients on the basis of age, the focus was
instead placed on matching by deformity severity and impact of
the deformity on standardized measures of pain and disability.

FIGURE 4. Percentages of adult spinal deformity patients from the propensity-matched cohort reaching at least 1 minimal
clinically important difference (MCID) improvement from baseline to a minimum 2-year follow-up with either nonoperative
(n = 97) or operative (n = 97) treatment. Significant P values are shown in bold. NRS, numeric rating scale; ODI, Oswestry
Disability Index; SF36-PCS, Short Form-36 physical component score; SRS, Scoliosis Research Society.

FIGURE 5. Plots illustrating the preoperative and follow-up mean health-related quality-of-life scores for matched operative and nonoperative
groups (97 in each group) based on the Oswestry Disability Index (ODI; A), Scoliosis Research Society (SRS)-22r total score (B), Short Form-36
physical component score (SF36-PCS; C), back pain numeric rating scale (NRS) score (D), and leg pain NRS score (E). Black circles and gray
squares indicate operative and nonoperative patient groups, respectively.
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This resulted in a matched nonoperative cohort that was
modestly but significantly older than the matched operative
cohort.

The present study supports the findings of Bridwell and
colleagues.3 In their report, propensity matching was used to
generate operative and nonoperative treatment groups for adults
with symptomatic lumbar scoliosis (41 patients in each group).
They reported that the operative cohort significantly improved in
all HRQOL measures, that the nonoperative cohort did not
improve, and that a nonsignificant decline in HRQOL scores was
common in the nonoperative cohort. Both the present study and
that of Bridwell and colleagues used matching parameters
reflective of deformity severity and baseline pain and disability.
The present study also incorporated matching based on the PI-LL
mismatch, which may have facilitated better matching for sagittal
spinal malalignment, a finding that has been strongly correlated
with pain and disability.7 Notably, similar to the present study,
Bridwell and colleagues also had a relatively low (45%) follow-up
rate for nonoperative patients. Despite great efforts in both
studies to achieve .80% follow-up for nonoperative patients,
many did not return, and this was entirely a function of patient
choice.

Compared with nonoperative treatment, operative treatment
provided a significantly greater likelihood of reaching or exceeding
MCID improvement for the HRQOL measures used in the
present study (Figures 3 and 4). The percentages of operative
patients achieving at least 1 MCID improvement varied on the
basis of the outcome measure, ranging from 41% to 73.2%.
These findings may prove particularly valuable for patient
counseling because simple averages of outcomes measures may
not fully reveal the range of outcomes.39

It is noteworthy that nonoperative treatment appeared to
provide benefit to a subset of patients. Of the patients treated
nonoperatively, 10% achievedMCID improvement for ODI, and
approximately 25% to 30% achieved MCID improvement for
SRS pain and activity domains (Figures 3 and 4). Further study is
warranted to define ASD patients who may benefit from
nonoperative treatment and to assess the durability of these
therapies over longer-term follow-up.

In unmatched assessments, operative patients had significantly
poorer baseline health status, including greater comorbidities,
higher body mass index, and higher prevalence of depression,
compared with the nonoperative patients. The operative patients
also had significantly greater severity of deformity and had
significantly worse HRQOL as indicated by all measures used in
this study. The poorer health status among the operatively treated
patientsmay reflect amore advanced spinal deformity disease state.
For example, patients with greater severity of deformity and worse
pain and disability may tend to bemore sedentary and have greater
tendencies toward comorbidities such as obesity, heart disease, and
depression. Although patients with greater comorbidities may
potentially have greater risks of complications, if they also have the
greatest impact onHRQOL, theymay stand to gain themost from
surgical treatment.13 Notably, the matching process that

accounted for deformity severity and baseline HRQOL measures
produced operative and nonoperative patient groups with
statistically similar Charlson Comorbidity Index scores. These
findings are consistent with those reported in a study by Fu et al5

in which elderly patients with degenerative scoliosis opting for
operative treatment had poorer health status (Charlson Comor-
bidity Index) and worse ODI, SRS-30, and Short Form-12 scores
compared with those opting for nonoperative treatment.
Although the decision of whether and when to pursue operative
treatment for ASD is complex, these findings suggest that self-
assessment measures of HRQOL may prove useful in identifying
patients who are disabled and are nearing the threshold of
pursuing surgical treatment.
Reflective of the length of follow-up and study design, the

numbers and rates of operative complications identified in the
present study are substantially higher than in previous reports.
Overall, a total of 407 complications (190minor and 217 major) at
aminimum2-year follow-upwere identified, and 71.5%of patients
were affected by $1 complications. When these findings are
interpreted, it is important to recognize that not all complications
are equally impactful40 and that many, if not most, likely
have minimal or no effect on ultimate patient outcome. However,
it is also important to recognize that some of the complications that
do not affect long-term outcome may have an impact on length of
hospital stay, need for invasive procedures (including reoperation),
and the rates at which patients recover.41,42

Limitations

Strengths of this study include the prospectivemulticenter design
that includes unmatched and matched cohorts; the use of multiple
standardized measures of HRQOL; the standardized approach to
radiographic assessment, including assessment of pelvic parameters;
and the relatively large patient population. In addition, patientswere
drawn from the practices of multiple surgeons across the United
States, which enhances the generalizability of the findings. Limi-
tations of this study include the relatively lower follow-up rate for
nonoperative compared with operative patients, a challenge that has
been reported inmultiple previous studies.2,3,11-13 It is possible that
some of the nonoperatively treated patients lost to follow-up may
have achieved symptomatic improvement, whether temporary or
durable, which could bias the sample. Another potential source of
bias may have resulted from the matching process from which the
resulting matched nonoperative patients were modestly but
significantly older than the matched operative patients. Because
for the entire operative and nonoperative patient cohorts the
nonoperative patients had significantly less pain and disability, it is
possible that the matching process generally needed older non-
operative patients (presumably with more degenerative changes,
pain, and disability) as matches for the operative patients. In
addition, although efforts were made to maximize nonoperative
treatment, no standardized protocols were used. Another limitation
of this study results from the lack of treatment randomization and
the inability to blind to treatment approach. Patients had a choice
with regard to whether to pursue surgical treatment, and it is
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possible that those who made the commitment to surgery were
more likely to think that they should get better, which could have
introduced bias. In addition, compared with the nonoperatively
treated patients, a significantly higher percentage of operatively
treated patients had a history of previous spine surgery, which
could have introduced bias. Furthermore, no attempt was made to
control for the type of operative or nonoperative treatment
provided, and patients were evaluated in a prospective observa-
tional manner, not randomized.

CONCLUSION

This multicenter, prospective case-control analysis of operative
and nonoperative treatment for ASD demonstrated that operative
treatment for ASD can provide significant improvement in
HRQOL at a minimum 2-year follow-up. In contrast, non-
operative treatment on average does not alter presenting levels of
pain and disability. Further work is needed to define specific types
of spinal deformity that are most responsive to operative and
nonoperative treatment.
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COMMENTS

T his is a prospective multicenter study comparing operative and non-
operative management of adult spinal deformity. Given the relative

lack of comparative studies involving symptomatic adult deformity in the
literature and the large number of patients evaluated in this investigation,
this study is particularly relevant. The findings suggest that surgery results
in better clinical outcomes than nonoperative management. It is note-
worthy that total complications were very high (71.5%) and represent
a realistic risk for surgery that is typically complex and technically
demanding. However, even with this high complication rate, patients did
well after recovery, as reflected in the 2-year clinical outcomes. The Dis-
cussion section appropriately describes the significant limitations of this
study, including the poor follow-up in the nonoperative group, non-
standardized medical management, and nonrandomized study design.

Paul Park
Ann Arbor, Michigan

T his is a well-conceived study investigating an important patient
population in spine surgery. The authors prospectively compared the

outcomes of adult spinal deformity (ASD) patients undergoing either
operative or nonoperative treatment. Operative (97) and nonoperative
(97) patients were matched with the use of several health-related
quality-of-life (HRQOL) assessments and deformity measures with
a minimum 2-year follow-up. They found that operative patients had
significantly better HRQOL at follow-up for all measures assessed,
except Short Form-36 mental component score. However, 71.5% of
the patients whowere operated on had at least$1 complications within
the 2-year follow-up. The authors concluded that operative treatment
for patients with ASD can lead to significantly improved HRQOL at 2
year follow-up, whereas nonoperative management of ASD neither
improves nor worsens baseline levels of pain and deformity at the 2-
year follow-up.
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