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BACKGROUND AND OBIJECTIVES: For patients with surgical adult spinal deformity (ASD), our understanding of
alignment has evolved, especially in the last 20 years. Determination of optimal restoration of alignment and spinal
shape has been increasingly studied, yet the assessment of how these alignment schematics have incrementally added
benefit to outcomes remains to be evaluated.

METHODS: Patients with ASD with baseline and 2-year were included, classified by 4 alignment measures: Scoliosis
Research Society (SRS)-Schwab, Age-Adjusted, Roussouly, and Global Alignment and Proportion (GAP). The incremental
benefits of alignment schemas were assessed in chronological order as our understanding of optimal alignment
progressed. Alignment was considered improved from baseline based on SRS-Schwab 0 or decrease in severity, Age-
Adjusted ideal match, Roussouly current (based on sacral slope) matching theoretical (pelvic incidence-based), and
decrease in proportion. Patients separated into 4 first improving in SRS-Schwab at 2-year, second Schwab improvement
and matching Age-Adjusted, third two prior with Roussouly, and fourth improvement in all four. Comparison was
accomplished with means comparison tests and x* analyses.

RESULTS: Sevenhundredthirty-two. patients met inclusion. SRS-Schwab BL: pelvic incidence-lumbar lordosis mismatch
(++:32.9%), sagittal vertical axis (++: 23%), pelvic tilt (++:24.6%). 640 (87.4%) met criteria for first, 517 (70.6%) second, 176
(24%) third, and 55 (7.5%) fourth. The addition of Roussouly (third) resulted in lower rates of mechanical complications
and proximal junctional kyphosis (48.3%) and higher rates of meeting minimal clinically important difference (MCID) for
physical component summary and SRS-Mental (P < .05) compared with the second. Fourth compared with the third had

ABBREVIATIONS: ASD, adult spinal deformity; BL, baseline; GAP, Global Alignment and Proportion; HRQL, health-related quality of life; LL,
lumbar lordosis; MCID, minimal clinically important difference; ODI, Oswestry Disability Index; Pl, pelvic incidence; PI-LL, PI-LL mismatch; PCS, physical
component summary; PJK, proximal junctional kyphosis; PT, pelvic tilt; SRS, Scoliosis Research Society; SS, sacral slope; SVA, sagittal vertical axis.
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higher rates of MCID for ODI (44.2% vs third: 28.3%, P = .011) and SRS-Appearance (70.6% vs 44.8%, P < .001). Mechanical
complications and proximal junctional kyphosis were lower with the addition of Roussouly (P = .024), while the addition
of GAP had higher rates of meeting MCID for SRS-22 Appearance (P = .002) and Oswestry Disability Index (P = .085).
CONCLUSION: Our evaluation of the incremental benefit that alignment schemas have provided in ASD corrective
surgery suggests that the addition of Roussouly provided the greatest reduction in mechanical complications, while the
incorporation of GAP provided the most significant improvement in patient-reported outcomes.

KEY WORDS: Adult spinal deformity, Radiographic alignment, Incremental benefit, Alignment schematics, GAP, SRS, Age-adjusted

of adult spinal deformity (ASD) is a comprehensive gauge of

global sagittal spinal alignment. To describe the complex
relationships between the regions of the spine curvature, multiple
studies have proposed alignment schemas describing healthy and
pathologic alignment.

One of the most well-known classification systems for sagittal
alignment is the Scoliosis Research Society (SRS)-Schwab
Classification System, developed in 2006." The system includes a
deformity curve type descriptor and 3 sagittal spinopelvic mod-
ifiers indicating deformity severity and has been clinically vali-
dated.”? While the classification was a major step forward in
understanding ASD, it is not without limitations and has not been
shown to prevent mechanical complications and proximal
junctional kyphosis (PJK).

To address this lack in connection to common complications,
the Age-Adjusted Alignment ideals were proposed.” Lafage et al
(2016) developed the ideals for the lumbar spine and pelvis and
demonstrated that meeting those alignment targets resulted in a
lower rate of junctional failure after long thoracolumbar fusion.

What followed was the Roussouly” classification system, with
regard to characterizing disparities in spinopelvic alignment. As
initially developed in 2005, the system stratifies the sagittal
profiles of healthy patients into 4 types based on sacral slope (SS).
To modify the Roussouly for patients with ASD, Laouissat et al°®
(2018) substituted SS with pelvic incidence (PI), a fixed parameter
generally resistant to change with age or deformity severity. The
SS-based, or “current” type, and Pl-based, or “theoretical” type,
Roussouly frameworks were later used by Pizones et al’(2019).
Their study suggested that restoration of a patient’s “theoretical”
Roussouly type could lead to better outcomes after surgical
correction.

Finally, a spinal proportionality score, otherwise known as the
Global Alignment and Proportion (GAP) Score, was developed.®
It is a pelvic incidence—based proportional method of analyzing
the sagittal plane that has been shown to predict mechanical
complications in patients undergoing surgery for ASD.

In addition, given the introduction and use of the SRS-Schwab
modifiers, Age-Adjusted alignment ideals, Roussouly classifica-
tion, and the spinal proportionality score in patient populations
with ASD, it is important to compare the utility of the frameworks
as they relate to patient outcomes. This study aimed to assess the
various layers of corrective complexity added to an already

F undamental to understanding the pathology and treatment
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technically challenging and high-risk case. We investigated the
incremental benefits of adding ASD surgical corrective measures
on postoperative patient-reported outcomes and complication
rates.

METHODS

Patient Population

A prospectively collected, multicenter database (2008-2016) of pa-
tients with ASD was analyzed for this study. All centers involved obtained
Institutional Review Board approval before study initiation with com-
plete patient consent before enrollment. Radiographic criteria for the
dataset included coronal Cobb angle >20°, sagittal vertical axis
(SVA) 250 mm, pelvic dlt (PT) 225°, and/or thoracic kyphosis >60°.
Surgical candidates’ available baseline (BL) and 2-year radiographic and
health-related quality of life (HRQL) data were assessed in this study.

Data Collection and Radiographic Parameters

Standardized data collection forms tracked demographic and surgical
parameters. HRQL measures collected at BL and follow-up included the
Short Form-36, the Oswestry Disability Index (ODI), and the SRS-22r.
Validated minimal clinically important difference (MCID) thresholds for
each instrument were used: ODI (12.8 points), Short Form-36 physical
component summary (PCS) (4.9 points), SRS-22r Activity (0.4 points),
and SRS-22r Pain (0.6 points).”!0

Freestanding, full-length lateral and anteroposterior spine radiographs
were collected at BL and 2-year follow-up and analyzed with SpineView®
(ENSAM, Laboratory of Biomechanics). The sagittal alignment parameters
measured and assessed included those commonly used in investigating spine
deformity such as PI, PT, SS, lumbar lordosis (LL), PI-LL mismatch (PI-LL),
thoracic kyphosis, T10-L2 kyphosis, SVA, and LL apex.

Patient Grouping

Patients were grouped according to each of the 4 proposed alignment
schemas: SRS-Schwab sagittal modifiers, age-adjusted alignment targets,
Roussouly morphologic classification, and a spine proportionality score.

Initially, the SRS-Schwab classification was assessed. This system
includes 3 modifiers of PI-LL, PT, and SVA with 3 deformity severity
categories: 0 (non-pathologic), + (moderate deformity), ++ (marked
deformity).!

Subsequently, the published sagittal age-adjusted alignment goals were
analyzed, which were initially developed to decrease the incidence of
postoperative PJK. The following age-adjusted formulas for SVA, PT,
and PI-LL were used’:
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SVA = 2*(Age — 55) + 25

(Age — 55)
3

PT = +20

(Age — 55)
2

PI-LL = +3

After calculation of the postoperative alignment as per these
age-adjusted formulas, correction groups were established: Matched,
Undercorrected, and Overcorrected.* “Matched” patients’ actual post-
operative alignment reached a +10-year interval of age-adjusted values
when compared with patients considered unmatched (undercorrected
and overcorrected).

The Roussouly Classification System developed by Roussouly et al®
systematically describes normal variation in spinal shape or a patient’s
“current” type. This system was later modified for an adult deformity
population or one’s “theoretical” type.® The “theoretical” Roussouly type was
evaluated, using PT and LL to stratify patients into 4 groups: Type 1 (PI < 45°
and LL apex below L4), Type 2 (PI < 45° and LL apex at or above the L4-L5
interspace), Type 3 (45°< PI < 60°), and Type 4 (PI > 60°).° “Current”
Roussouly type was assessed according to SS: Type 1 (SS < 35° and LL apex
below L4), Type 2 (SS < 35° and LL apex above L4-L5 interspace), Type 3
(35°<SS < 45°), and Type 4 (SS > 45°). The restoration of the “current” type
to the “theoretical” at follow-up was used as a deformity corrective measure.

Finally, the spinal proportionality score was assessed (GAP score) and
includes the 4 parameters of relative pelvic version (measured minus ideal
SS)[0-3], relative LL (measured minus ideal LL)[0-3], lordosis distri-
bution index (L4-S1 lordosis divided by L1-S1 lordosis multiplied by
100)[0-3], relative spinopelvic alignment (measured minus ideal global
tilt)[0-3], and an age factor [0-1] to formulate a sagittal plane score out of
13 based on the previously defined distribution (<2 Proportional, 3-6
Moderately Disproportional, 27 Severely Disproportional).®

Incremental Benefit

Alignment improvement for each of the schemas was assessed. The
SRS-Schwab categorization as 0 or decrease in severity grouping at 2 years
was noted as improvement, while Age-Adjusted ideal and Roussouly
Match at 2 years were considered as improved. Lower GAP pro-
portionality scores at 2 years relative to BL were labeled as improved.

We assessed the incremental benefit of alignment schematics for ASD
by progressively incorporating alignment schematics in chronological
order based on the evolution of our understanding of alignment. We
separated patients into 4 groups (layers). The first layer (first) would be
solely improving in the SRS-Schwab modifier at 2 years, while the second
was Schwab improvement and matching Age-Adjusted. The third layer
added matching of the “theoretical” Roussouly with “current” along with
the two prior improvements in complex schemas. Finally, the fourth
included improvement in Schwab and GAP score, as well as matching
both Age-Adjusted ideals and Roussouly shape at 2 years.

Statistical Analysis

Descriptive analyses were used to assess the overall cohort charac-
teristics. Outcomes for the addition of each incremental layer were as-
sessed through means comparison tests () tests for categorical variables,
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independent-sample t-tests, or one-way analysis of variance for contin-
uous variables, as appropriate). The level of statistical significance for all
tests was set to P < .05. All statistical tests were performed using SPSS
software (v21.0).

RESULTS

Cohort Overview

Overall, 732 operative patients with ASD met the inclusion
criteria. The cohort had a mean age of 57.5 years, comprised
82.4% female, and had a mean body mass index of 27 kg/m”.
7.7% of the population were current smokers. Major co-
morbidities included stomach ulcer (11.4%), osteoporosis
(13.4%), depression (21.1%), hypertension (31.3%), and ar-
thritis (34.7%) (CCIL: 1.44).

Baseline Radiographic and Clinical Profile

At BL, mean SS: 31.9°, PT: 22.9°, PI: 54.8°, PI-LL: 12.3°, SVA:
51.1 mm, and L1-S1: 42.5°. HRQL assessment at BL. demonstrated
amean ODI score of 43.9 + 18.1, PCS score of 31.7 + 10.1, SRS-22
Activity of 2.9 + 0.89, and SRS-22 Pain of 2.4 + 0.85.

Surgical Description

By surgical approach, 72.4% of cases were posterior-only, 0.8%
were anterior-only, and 26.8% combined. Overall, the mean
number of levels fused was 11.2 + 4.2, the mean length of op-
eration was 378 + 134.2 minutes, and the mean estimated blood
loss was 1400 + 1476 ccs. An osteotomy was performed in 63.4%
of patients, and 56.8% underwent a decompression. 18.2% of all
patients underwent a reoperation.

Cohort Description by Alignment Schemas

SRS-Schwab modifiers at BL included PI-LL (0: 45.6%, +:
21.4%, ++: 32.9%), SVA (0: 50.7%, +: 26.4%, ++: 23%), PT (0:
41.1%, +: 34.3%, ++:24.6%). At 2 years, 54.9% improved in PT
modifier, 71% SVA, 74.3% PI-LL. For the Age-Adjusted
alignment goals, 28% met PT ideal (36.3% overcorrected,
35.7% under corrected), 18.8% PI-LL (43.4% over, 37.7%
under), and 31.3% SVA (38.8% over, 29.9% under). Preoper-
ative breakdown of “actual” Roussouly types: Type 1 (3.7%),
Type 2 (18.2%), Type 3 (46.3%), Type 4 (31.8%). The pre-
operative mismatch between “current” and “theoretical” types was
58.5%. By 2 years, 44.7% matched Roussouly types. At BL,
according to the spinal proportionality (GAP) score, 31.7% of
patients had a proportional spinopelvic state, 27.0% were
moderately disproportionate, and 41.3% were severely dispro-
portionate. At 2 years, 30.8% of patients improved in their GAP
score (56.4% remained the same and 12.8% deteriorated).

Individual Alignment Assessments

When assessing individual alignment schema impact on
postoperative outcomes, improvement in the proportionality
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score alone proved to have the greatest incidence of PJK (73.4%,
P <.001), as well as the greatest length of hospital stay (8.5 days,
P =.001) compared with sole SRS-Schwab improvement, Age-
Adjusted match, or Roussouly match. Postoperative HRQL as-
sessment found that the sole improvement in spine proportionality
score met MCID for ODI, PCS, and all SRS-22 domains signifi-

cantly more than other alignment scores (Table 1).

Incremental Benefit Assessment

According to the layer of correction complexity by groups:
87.4% met the criteria for the first layer, 52.2% second, 24%
third, and 7.5% fourth. SRS-Schwab modifiers, Age-adjusted
alignment, Roussouly type, and spinal proportionality breakdown
for improvement and matching criteria groups can be seen in Table 2.
When comparing the incremental adding of the second layer, or age-
adjusted ideals with Schwab improvement, complications, and
HRQLs were similar (7 > .05), although 2-year radiographic pa-
rameters of PT, PI-LL, and SVA were aligned to a greater extent in the
SRS-Schwab improvement only (Table 3). The addition of Roussouly
(third) had less incidence of PJK (48.3% vs 57.1%, P < .001) and met
MCID for PCS and SRS-Mental (P < .05) more compared with the
second tiered group. The third layer had better improvement in 2-year
global parameters than the second tier (just SRS-Schwab improvement
and Age-Adjusted match) (Table 4). Finally, the addition of the spinal
proportion score (fourth) compared with the third, resulted in higher
rates of meeting MCID for ODI (44.2% vs third: 28.3%, P = .011)

According to HRQL follow-up, the fourth layer met MCID more
than all other complexity groups for SRS-22 Appearance, Pain, and
Activity, as well as ODI (all P < .05). PJK incidence was significantly
less in the third layer—SRS-Schwab improvement, Age-Adjusted
match, and Roussouly match at 2 years, P < .001 (Table 6).

DISCUSSION

Diseases of the spine, including deformity, have gained sig-
nificant attention because of an ever-increasing elderly population
and concurrent aging-related disorders.!’ ASD is classified as an
extremely heterogeneous disease, coinciding with significant ad-
verse effects on patient quality of life.'”!® Because of the major
impact, there is an evolving literature surrounding diagnostic
tools, classification schemes, and surgical techniques in an attempt
to provide surgeons and patients with the best treatment rec-
ommendation guidelines.'”

Over the past decade, there have been 4 major alignment
schemas developed in the context of the spine and 3 specifically for
patients with deformities of the spine. There is a major paucity
within spine research determining which classifications or
alignment schemes may contribute to the best patient quality of
life postoperatively and whether utilization of some or all novel
proposals provides incremental additive improvement on patient-
reported outcomes.'” This study compared the utility of the 4
studies, the SRS-Schwab deformity severity classification, Age-

and SRS-Appearance (70.6% vs 44.8%, P < .001) (Table 5).  Adjusted alignment ideals, the Roussouly spinal shape

TABLE 1. Individual Alignment Schema (SRS-Schwab, Age-Adjusted Alignment, Roussouly Shape, and Spinal Proportionality Score) Impact on
Perioperative and Postoperative Outcomes

SRS-Schwab improvement Age-adjusted match  Roussouly match  Proportionality improvement P value
Operative time (min) 3773 379.74 371.24 382.14 413
Estimated blood loss (ccs) 1665.5 1607.74 1744.21 1855.78 .08
Length of stay (d) 7.75 7.67 7.61 848 .001
Complications 65.00% 63.39% 63.40% 64.29% 956
Rod/screw failure 4.38% 4.58% 4.89% 6.31% 495
PJK 58.20% 55.90% 52.91% 73.42% <.001
Reoperation 23.90% 23.39% 24.68% 22.38% 955
MCID ODI 34.90% 34.30% 32.30% 48.80% <.001
MCID PCS 37.80% 39.50% 34.10% 46.80% .025
MCID SRS activity 41.10% 38.50% 39.80% 55.00% 012
MCID SRS pain 47.00% 45.10% 43.70% 62.60% <.001
MCID SRS appearance 53.30% 48.70% 50.20% 73.00% <.001
MCID SRS mental 27.40% 23.90% 24.30% 37.40% .028

MCID, minimal clinically important difference; ODI, Oswestry Disability Index; PCS, physical component summary; PJK, proximal junctional kyphosis; SRS, Scoliosis Research Society.
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TABLE 2. Breakdown of 2-y Alignment Ideals and Incremental
Layer of Complexities
SRS-Schwab
PI-LL improved 2-y 74.30%
SVA improved 2-y 71%
PT improved 2-y 54.90%
Age-adjusted
PT ideal match 2-y 28%
PI-LL ideal match 2-y 18.80%
SVA ideal match 2-y 31.30%
Roussouly
Matched type 2-y 44.70%
Spine proportionality
Improved in 2-y 30.80%
Layer of complexity groups
1st 640 (87.4%)
2nd 382 (52.2%)
3rd 176 (24%)
4th 55 (7.5%)

PI-LL, pelvic incidence-lumbar lordosis mismatch; PT, pelvic tilt; SRS, Scoliosis Research
Society; SVA, sagittal vertical axis.

classification, and the spinal proportionality score in an operative
ASD patient population, as well as the effect of using multiple
schemes on a patient’s postoperative outcome. 48

Our study showed that the addition of matching one’s Age-
Adjusted Alignment ideals at 2 years to improvement in the SRS-
Schwab modifiers did not add postoperative quality-of-life benefit
or alter complication rates but did influence global alignment at
follow-up. This is probably because of the fact that the Age-
Adjusted ideals account for age, allowing for “less-than-ideal”
alignment from the view of the SRS-Schwab deformity severity
modifiers, which may have skewed the average for the parameters
higher. Meanwhile, 2-year “theoretical” Roussouly spinal shape
restoration, in addition to the classic Schwab categorization, as
well as Lafage et al.’s modification for age, led to greater recovery
in postoperative pain and overall mental health and vitality. Al-
though, addition of the last measure, the spinal proportionality
score, amounting to all 4 alignment schemes, allowed for greater
recovery in spine disability, general health perception, and social/
physical functioning.

The SRS-Schwab classification scheme involving the ASD
severity modifiers has been heavily investigated in the context of
health-related quality-of-life outcomes. Smith et al determined
that changes in SRS-Schwab modifiers through surgical

OPERATIVE NEUROSURGERY

TABLE 3. Comparison of Perioperative and Postoperative
Outcomes Between First (SRS-Schwab Improvement) and Second
(SRS-Schwab and Age-Adjusted Match) Alignment Layers of
Complexity

1st Layer 2nd Layer P value
2y PI () 53.83 54.34 185
2-y PT (%) 19.35 20.38 .001
2-y PI-LL () 0.7 2.66 <.001
2-y SVA (mm) 17.42 2241 .001
2-y Sacral slope (°) 34.49 33.96 122
2-y L1-S1 (%) 53.13 51.68 .001
Operative time (min) 3773 380.2 495
Estimated blood loss (ccs) 1665.5 1611.3 348
Length of stay (d) 7.75 7.72 824
Complications 65.00% 64.20% 652
Rod/screw failure 4.38% 4.71% 613
PJK 58.20% 57.07% 45
Reoperation 23.90% 24.01% 944
MCID ODI 34.90% 33.50% 459
MCID PCS 37.80% 40.60% 238
MCID SRS activity 41.10% 37.80% 189
MCID SRS pain 47.00% 44.80% 32
MCID SRS appearance 53.30% 50.70% 177
MCID SRS mental 27.40% 23.80% .086

MCID, minimal clinically important difference; ODI, Oswestry Disability Index; PCS,
physical component summary; Pl, pelvic incidence; PJK, proximal junctional kyphosis;
PT, pelvic tilt; PI-LL, Pl-lumbar lordosis mismatch; SRS, Scoliosis Research Society; SVA,
sagittal vertical axis.

intervention reflect significant changes in patient-reported out-
comes. This coincides with our quick look at SRS-Schwab’s sole
impact on outcomes, although comparatively, is a moderate
alignment plan to achieve the highest postoperative quality of life.
We determined that the additive alignment measures created
allowed for the most patients to meet clinical improvement.

Although the Roussouly classification system was initially
developed to describe the normative spine, it has been investigated
in the context of restoration of one’s ideal shape. Most studies that
explored the Roussouly spinal shape connected the curve re-
alignment to decreasing mechanical complications. To go along
with this, the spinal proportionality score (GAP) has also been
correlated well with lessening postoperative mechanical issues and
the occurrence of PJK. Despite the lack of literature on clinical
links to the Roussouly and GAP alignment studies, we do find
nuances to clinical outcomes in our study.
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TABLE 4. Comparison of Perioperative and Postoperative
Outcomes Between Second (SRS-Schwab Improvement and Age-
Adjusted Match) and Third (SRS-Schwab, Age-Adjusted Match, and
Roussouly Match) Alignment Layers of Complexity

2nd Layer 3rd Layer P value
2-y PI (%) 54.34 52.23 <.001
2-y PT (°) 20.38 17.09 <.001
2-y PI-LL (°) 2.66 0.05 <.001
2-y SVA (mm) 2241 20.56 414
2-y Sacral slope (°) 33.96 35.15 .03
2-y L1-S1 (%) 51.68 52.19 489
Operative time (min) 380.2 3725 402
Estimated blood loss (ccs) 1611.3 1625.6 .89
Length of stay (d) 7.72 7.62 .709
Complications 64.20% 59.30% 15
Rod/screw failure 4.71% 4.55% .887
PJK 57.07% 48.30% <.001
Reoperation 24.01% 25.40% .639
MCID ODI 33.50% 28.30% 107
MCID PCS 40.60% 32.50% 037
MCID SRS activity 37.80% 32.70% 238
MCID SRS pain 44.80% 38.80% A
MCID SRS appearance 50.70% 44.80% 073
MCID SRS mental 23.80% 15.80% .028

MCID, minimal clinically important difference; ODI, Oswestry Disability Index; PCS,
physical component summary; Pl, pelvic incidence; PJK, proximal junctional kyphosis;
PT, pelvic tilt; PI-LL, Pl-lumbar lordosis mismatch; SRS, Scoliosis Research Society; SVA,
sagittal vertical axis.

Apart from the assessment of patient-reported outcomes,
postoperative PJK was dramatically less with the layered corrective
alignment of the SRS-Schwab, Age-Adjusted, and Roussouly shape
(third corrective layer) but still amounts to almost 50%. This shows
that despite continued advancements in ASD surgery techniques,
complications such as PJK continue to pose a significant challenge.

Our study’s findings provide context to the evolutionary
progress in our understanding of alignment in ASD and the in-
cremental benefit each schema provided, building on the previous.
We found that the incorporation of Roussouly led to the most
significant reduction in mechanical complications, while the addition
of GAP has provided the greatest incremental gain in patient-reported
outcomes. Our study serves as a basis for future studies evaluating the
utility of these alignment schematics and highlights the necessity of

novel alignment schematics building on current limitations.
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TABLE 5. Comparison of Perioperative and Postoperative
Outcomes Between Third (SRS-Schwab Improvement, Age-
Adjusted Match, and Roussouly Match) and Fourth (SRS-Schwab,
Age-Adjusted Match, Roussouly Match, Spine Proportionality Score
Improvement) Alignment Layers of Complexity

3rd Layer 4th Layer P value
2-y PI (°) 52.23 55.25 .030
2-y PT (%) 17.09 17.34 72
2-y PI-LL (°) 0.05 0611 .653
2-y SVA (mm) 20.56 2117 .892
2-y Sacral slope (°) 35.15 37.91 .036
2-y L1-S1 (°) 52.19 54.64 14
Operative time (min) 372.5 min 367 71
Estimated blood loss (ccs) 1625.6 ccs 1769.2 352
Length of stay (d) 7.62 8.24 113
Complications 59.30% 62.80% 513
Rod/Screw failure 4.55% 7.27% 244
PJK 48.30% 54.60% .188
Reoperation 25.40% 23.50% .683
MCID ODI 28.30% 44.20% 011
MCID PCS 32.50% 38.80% 451
MCID SRS activity 32.70% 41.20% 34
MCID SRS pain 38.80% 51.00% 127
MCID SRS appearance 44.80% 70.60% <.001
MCID SRS mental 15.80% 19.60% .609

MCID, minimal clinically important difference; ODI, Oswestry Disability Index; PCS,
physical component summary; Pl, pelvic incidence; PJK, proximal junctional kyphosis;
PT, pelvic tilt; PI-LL, Pl-lumbar lordosis mismatch; SRS, Scoliosis Research Society; SVA,
sagittal vertical axis.

Limitations

We acknowledge limitations to this study. The retrospective
study design introduces the possibility for selection bias,
particularly when retrospectively stratifying patients into SRS-
Schwab, Age-Adjusted, Roussouly, and Spine Proportionality
outcome groups. Furthermore, this study used the same dataset
as for the development of the Sagittal Age-adjusted Alignment
Score,'¢ which is inherently a limitation. In addition, our
outcomes analysis by the various alignment schemas may be
subject to a lack of statistical power because of the limited
sample size of patients that matched Roussouly/Age-Adjusted
ideals postoperatively and improved in both SRS-Schwab se-
verity of modifiers and GAP score. This entire study is dedi-
cated to realignment, which may explain outcomes in part.
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ASD INCREMENTAL ALIGNMENT SCHEMA

TABLE 6. Comparison of Perioperative and Postoperative Outcomes Between All 4 Incremental Alignment Layers of Complexity (SRS-Schwab,
Age-Adjusted Alignment, Roussouly Shape, Spine Proportionality Score)

1st Layer 2nd Layer 3rd Layer 4th Layer P value
2-y P1(°) 53.83 5434 52.23 55.25 011
2-y PT (%) 19.35 20.38 17.09 17.34 <.001
2-y PI-LL (°) 0.7 2,66 0.05 0.61 <.001
2-y SVA (mm) 17.42 2241 20.56 2117 015
2-y Sacral slope (°) 34.49 33.96 35.15 37.91 .001
2-y L1-S1 (%) 53.13 51.68 52.19 54.64 <.001
Operative time (min) 377.3 380.2 3725 367 641
Estimated blood loss (ccs) 1665.5 16113 1625.6 1769.2 45
Length of stay (d) 7.75 7.72 7.62 8.24 175
Complications 65.00% 64.20% 59.30% 62.80% 364
Rod/screw failure 4.38% 4.71% 4.55% 7.27% 67
PJK 58.20% 57.07% 48.30% 54.60% .001
Reoperation 23.90% 24.01% 25.40% 23.50% .652
MCID ODI 34.90% 33.50% 28.30% 44.20% .018
MCID PCS 37.80% 40.60% 32.50% 38.80% 504
MCID SRS activity 41.10% 37.80% 32.70% 41.20% .035
MCID SRS pain 47.00% 44.80% 38.80% 51.00% .034
MCID SRS appearance 53.30% 50.70% 44.80% 70.60% <.001
MCID SRS mental 27.40% 23.80% 15.80% 19.60% .009

MCID, minimal clinically important difference; ODI, Oswestry Disability Index; PCS, physical component summary; Pl, pelvic incidence; PJK, proximal junctional kyphosis; PT, pelvic

tilt; PI-LL, Pl-lumbar lordosis mismatch; SRS, Scoliosis Research Society; SVA, sagittal vertical axis.

P-values are based on the overall analysis of variance.

However, patient preoperative elements are not factored in, such
as frailty and comorbidity status, which should be taken into account
in future studies when recommending such aggressive realignment
procedures.

CONCLUSION

Our evaluation of the incremental benefit that alignment
schemas have provided in ASD corrective surgery suggests that the
addition of Roussouly provided the greatest reduction in me-
chanical complications, while the incorporation of GAP provided
the most significant improvement in patient-reported outcomes.
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