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ABSTRACT
Background: Persistent pelvic compensation following adult spinal deformity (ASD) corrective surgery may impair 

quality of life and result in persistent pathologic lower extremity compensation. Ideal age- specific alignment targets have 
been proposed to improve surgical outcomes, though it is unclear whether reaching these ideal targets reduces rates of pelvic 
nonresponse following surgery. Our aim was to assess the relationship between pelvic nonresponse, age- specific alignment, and 
lower- limb compensation following surgery for ASD.

Methods: Single- center retrospective cohort study. ASD patients were grouped: those who did not improve in Scoliosis 
Research Society- Schwab pelvic tilt (PT) modifier (pelvic nonresponders [PNR]), and those who improved (pelvic responders 
[PR]). Groups were propensity score matched for preoperative PT and assessed for differences in spinal and lower extremity 
alignment. Rates of pelvic nonresponse were compared across patient groups who were undercorrected, overcorrected, or 
matched age- specific postoperative alignment targets.

Results: A total of 146 surgical ASD patients, 47.9% of whom showed pelvic nonresponse following surgery, were 
included. After propensity score matching, PNR (N = 29) and PR (N = 29) patients did not differ in demographics, preoperative 
alignment, or levels fused; however, PNR patients have less preoperative knee flexion (9° vs 14°, P = 0.043). PNR patients had 
inferior postoperative pelvic incidence and lumbar lordosis (PI- LL) alignment (17° vs 3°) and greater pelvic shift (53 vs 31 
mm). PNR and PR patients did not differ in rates of reaching ideal age- specific postoperative alignment for sagittal vertical axis 
(SVA) or PI- LL, though patients who matched ideal PT had lower rates of PNR (25.0% vs 75.0%). For patients with moderate 
and severe preoperative SVA, more aggressive correction relative to either ideal postoperative PT or PI- LL was associated with 
significantly lower rates of pelvic nonresponse (all P < 0.05).

Conclusions: For patients with moderate to severe baseline truncal inclination, more aggressive surgical correction 
relative to ideal age- specific PI- LL was associated with lower rates of pelvic nonresponse. Postoperative alignment targets may 
need to be adjusted to optimize alignment outcomes for patients with substantial preoperative sagittal deformity.

Clinical Relevance: These findings increase our understanding of the poor outcomes that occur despite ideal realignment. 
Surgical correction of severe global sagittal deformity should be prioritized to mitigate these occurrences.

Level of Evidence: 3.

Lumbar Spine

Keywords: adult spinal deformity, SRS- Schwab modifiers, pelvic tilt, pelvic nonresponders, postoperative alignment targets

INTRODUCTION

The pelvis and its movement about the femoral 
heads is key in regulating the alignment of the sagittal 
plane. In the spine literature, the rotation of the pelvis 
around the femoral heads is commonly assessed using 
the radiographic parameter of pelvic tilt (PT). For 
patients diagnosed with adult spinal deformity (ASD), 

evaluation of PT allows for an effective assessment of 
the pelvis’ compensation for truncal inclination.1 Often, 
in the setting of high anterior sagittal malalignment, 
ASD patients will compensate with pelvic retrover-
sion, resulting in high PT.2 When pelvic compensation 
for deformity is exhausted, compensatory mechanisms 
may then extend to the lower extremities, resulting 
in pelvic shift, knee flexion, and ankle flexion.3 As 
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multiple studies show a relationship between greater 
lumbopelvic malalignment and inferior health- related 
quality of life, appropriate postoperative reduction of 
pelvic compensation is an important goal of ASD cor-
rective surgery.4,5

To better optimize surgical planning for operative 
ASD patients, Lafage et al proposed patient- specific 
spinopelvic realignment thresholds.6 The formulas pub-
lished by Lafage et al use patient age and US norma-
tive back pain scores to generate ideal postoperative 
age- adjusted sagittal alignment targets. Their research 
suggests that to achieve satisfactory clinical outcomes, 
older patients may not need to meet the same rigorous 
alignment standards as younger patients. For patients 
undergoing ASD corrective surgery, more aggressive 
correction relative to ideal age- specific postoperative 
alignment has been associated with higher rates of 
proximal junctional kyphosis, and undercorrection has 
been associated with greater postoperative recruitment 
of compensatory pelvic retroversion and lower limb 
flexion, as well as suboptimal postoperative health- 
related quality of life.7–9

Despite the increased use and recognition of age- 
specific alignment targets in ASD corrective surgery, 
persistent postoperative lumbopelvic malalignment 
remains a problem, with some studies reporting insuf-
ficient PT correction in up to 41% of patients.10 Addi-
tionally, other reports suggest that ASD patients may 
show pelvic nonresponse following surgery, or residual 
postoperative PT malalignment despite improvements 
in lumbar lordosis (LL) or sagittal balance.11 To date, 
it remains unclear whether reaching ideal age- specific 
postoperative alignment is associated with lower rates of 
pelvic nonresponse following ASD corrective surgery. 
This study aims to assess the relationship between ideal 
pelvic nonresponse, age- specific alignment, and lower 
limb compensation following ASD corrective surgery.

MATERIALS AND METHODS

Data Source and Collection

This analysis is a retrospective cohort study of non-
consecutive surgical spine patients visiting a single aca-
demic tertiary hospital from 2013 to 2017. All patients 
underwent standing, biplanar, full body stereoradio-
graphic imaging (EOS imaging, Paris, France), as previ-
ously described in the literature, per standard of care.12 
The authors obtained approval from the local Institu-
tional Review Board to review and analyze patients in 
the retrospective database. The Institutional Review 
Board approved a waiver of consent, due to the minimal 

study risk and appropriate deidentification and storage 
of patient data.

Inclusion Criteria

Only adult patients (>18 years) undergoing >4- 
level fusion for kyphosis, scoliosis, or symptomatic 
deformity were included for analysis. Patients with 
missing baseline or early postoperative (<6 months) 
radiographic imaging, trauma patients, and patients 
undergoing surgery for spinal tumors, cervical spine 
pathologies, vertebral fractures, infection, instrumen-
tation failure, pseudarthrosis, or disc herniation were 
excluded.

Radiographic Assessment

Measurement of all radiographic parameters was 
conducted using validated software (Surgimap, 
Nemaris Inc., New York, NY) at a single research 
center.13 Figure 1 presents a schematic of the global, 
regional, and lower extremity alignment parame-
ters assessed in this study, measured as previously 
described in the literature.14 Global alignment param-
eters included C7- S1 sagittal vertical axis (SVA) and 
global sagittal angle. Regional alignment parameters 
included T4- T12 thoracic kyphosis, L1- S1 LL, PT, 
pelvic incidence (PI), and mismatch between PI and 
LL (PI- LL). Lower extremity alignment parameters 
included sacrofemoral angle, knee angle, and ankle 
angle. Additional radiographic analysis assessed T1 
spinopelvic inclination, defined as the angle between 
the vertical plumbline and the line drawn from the 
center of T1 and the center of the bicoxofemoral axis.

Statistical Analysis

All included patients were assessed for deformity 
severity at baseline and early postoperative study 
intervals via the Scoliosis Research Society (SRS)- 
Schwab ASD classification system.15 Briefly, patients 
were stratified by increasing deformity severity (0, +, 
++) for 3 sagittal alignment modifiers: PI- LL, SVA, 
and PT. Patients were stratified into 2 groups: those 
that did not improve in SRS- Schwab PT modifier fol-
lowing surgical intervention (pelvic nonresponders 
[PNR]), and those did improve (pelvic responders 
[PR]). To control for differences in baseline deformity 
between groups, PR and PNR were propensity score 
matched for baseline PT. Propensity score matching 
is a logistic regression- based case- control technique 
commonly used to reduce or eliminate the effects 
of potential confounding variables in observational 
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data sets.16 Means comparison tests, including Χ2 and 
independent samples t tests, assessed differences in 
demographics, surgical factors, and sagittal alignment 
between matched groups. Rates of persistent postop-
erative lower extremity compensation, defined as no 
pre- to postoperative improvement in lower extrem-
ity alignment, were also compared between matched 
groups via Χ2 analysis. Changes in alignment within 
groups were assessed using paired samples t tests.

Subanalysis with Χ2 tests assessed the relationship 
between reaching ideal postoperative age- specific 
alignment targets and rates of pelvic nonresponse.6 
Patients were also stratified by deformity severity, 
per SRS- Schwab ASD classification system modifi-
ers, and rates of pelvic nonresponse were compared 
across patients overcorrected relative to ideal post-
operative alignment, patients undercorrected, and 
patients matching ideal postoperative alignment via 
Χ2 analysis.

RESULTS

Cohort Overview

Prior to propensity score matching, 146 patients met 
inclusion criteria (70 PNR, 76 PR). Pelvic response 
groups showed significant variation in baseline PT 
(PNR: 32.1°± 8.8° vs PR: 20.4° ± 11.7°, P < 0.001), 
warranting a propensity score matching analysis. Fol-
lowing propensity score matching, 58 patients met 
inclusion criteria (29 PNR, 29 PR). Matched groups did 
not differ in baseline PT, demographics, global align-
ment, regional alignment, or surgical factors (Table 1), 
although PNR patients did show smaller compensatory 
knee flexion at baseline (9° vs 14°, P = 0.043). Similarly, 
at baseline, there were no differences between pelvic 
response groups in the distribution of SRS- Schwab 
modifiers for PT (P = 0.286), PI- LL (P = 0.244), or 
SVA (P = 0.689). Mean postoperative follow- up was 
4.6 ± 1.9 months.

Figure 1. Schematic of global, regional, and lower extremity alignment parameters assessed in this study. SVA, sagittal vertical axis; GSA, global sagittal angle; 
TK, T4 T12 thoracic kyphosis; LL, L1 S1 lumbar lordosis; PT, pelvic tilt; PI, pelvic incidence; SFA, sacrofemoral angle; KA, knee angle; AA, ankle angle; PS, pelvic 
shift.
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Alignment Outcomes

Although pelvic nonresponse patients did not 
show pre- to postoperative improvement in SRS- 
Schwab PT modifier, 58.6% improved in SVA mod-
ifier, and 48.5% improved in PI- LL modifier. In 
contrast, 100% of pelvic response patients improved 
in SRS- Schwab PT modifier, 85.7% in PI- LL mod-
ifier, and 64.3% in SVA modifier. These rates of 
improvement in SRS- Schwab modifiers significantly 
lower for pelvic nonresponse patients with respect 
to PT and PI- LL modifiers, but not SVA (Table 2). 
Rates of improvement in both PI- LL and SVA mod-
ifier did not differ between groups (PNR: 37.9% vs 
PR: 57.1%, P = 146).

Table 3 compares postoperative sagittal spinal and 
lower extremity alignment between groups. Notably, 
PNR showed inferior postoperative lumbopelvic 
alignment (PT and PI- LL, both P < 0.001). Distribu-
tions of postoperative SRS- Schwab modifiers simi-
larly differed between groups for PT (PNR: 0: 0.0%, 
+: 51.7%, ++: 48.3% vs PR: 0: 65.5%, +: 34.5%, 
++: 0.0%, P < 0.001) and PI- LL (PNR: 0: 31.0%, +: 

31.0%, ++: 37.9% vs PR: 0: 75.0%, +: 14.3%, ++: 
10.7%, P = 0.004), but not SVA (P = 0.493). For 
pelvic nonresponse patients, these changes in align-
ment were accompanied by greater compensatory 
anterior hip extension (pelvic shift: 53 vs 31 mm, P 
= 0.021).

Changes in Lower Extremity Alignment

Table 4 compares pre- to postoperative changes in 
lower extremity alignment between pelvic response 
groups. Pelvic nonresponse patients showed greater 
persistent compensation for deformity in the lower 
extremities, as indicated by significantly smaller 
changes in hip extension (−24 vs −64 mm), pelvic 
femoral angle (−1.4° vs −3.8°), and global sagit-
tal angle (−3.5° vs −8°), as well as an increase in 
sacrofemoral angle (2.1° vs −5.3°). Rates of per-
sistent postoperative lower extremity compensation, 
defined as no improvement in pre- to postoperative 
alignment, were also significantly higher for pelvic 
nonresponse patients (Table 4).

Table 1. Comparison of baseline demographics, surgical factors, sagittal alignment, and lower limb alignment between PNR and PR.

Baseline Measures

Patient Group

P Value
PNR

(N = 29)
PR

(N = 29)

Demographics
  Age (y) 64.4 ± 9.8 63.1 ± 12.6 0.668
  Sex (% female) 62.1% 72.4% 0.401
  Body mass index (kg/m2) 27.0 ± 7.2 29.0 ± 6.7 0.302
Surgical factors
  Fusion length (levels) 10.8 ± 3.7 10.8 ± 4.3 0.974
  Any osteotomy (%) 92.6% 91.7% 0.902
Baseline sagittal alignment
  Pelvic tilt (°) 29.5 ± 6.0 29.2 ± 5.4 0.820
  Mismatch between pelvic incidence and lumbar 

lordosis (°)
29.5 ± 15.9 30.9 ± 11.8 0.699

  Sagittal vertical axis (mm) 98.1 ± 56.8 109.0 ± 50.3 0.448
  T4 T12 thoracic kyphosis (°) −39.0 ± 21.3 −29.7 ± 19.9 0.095
  T1 spinopelvic inclination (°) 3.0 ± 7.1 4.8 ± 6.3 0.312
Baseline lower limb alignment
  Sacrofemoral angle (°) 208.1 ± 8.2 204.2 ± 6.5 0.065
  Knee angle (°) 8.7 ± 8.0 13.7 ± 8.9 0.043
  Ankle angle (°) 7.1 ± 3.9 8.8 ± 4.6 0.172
  Pelvic shift (mm) 76.7 ± 44.9 92.6 ± 55.6 0.267
  Global sagittal angle (°) 10.2 ± 5.3 12.3 ± 5.8 0.180

Abbreviations: PNR, pelvic nonresponders; PR, pelvic responders.
Note: Data presented as mean ± SD or %. Bolded values indicate statistical significance at P < 0.05.

Table 2. Rates of pre- to postoperative improvement in SRS- Schwab modifiers compared between PNR and PR.

Radiographic Modifier Improvement PNR PR P Value

Improved in SRS- Schwab pelvic tilt modifier 0% 100% <0.001
Improved in SRS- Schwab pelvic incidence- lumbar lordosis modifier 48.3% 85.7% 0.003
Improved in SRS- Schwab sagittal vertical axis modifier 60.7% 64.3% 0.783

Abbreviations: PNR, pelvic nonresponders; PR, pelvic responders; SRS, Scoliosis Research Society.
Note: Bolded values indicate statistical significance at P < 0.05.
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Ideal Patient-Specific Alignment and Pelvic  
Nonresponse

Pelvic nonresponse and pelvic response patients did 
not differ in rates of reaching ideal age- specific post-
operative alignment targets for SVA (PNR: 47.4% vs 
PR: 52.6%, P = 0.780) or PI- LL (28.6% vs 71.4%, P 
= 0.066), though patients who matched ideal postoper-
ative PT had significantly lower rates of pelvic nonre-
sponse (25.0% vs 75.0%, P = 0.019).

For patients with moderate and severe preoperative 
SVA deformity (those with SRS- Schwab SVA modifi-
ers + and ++ , respectively), more aggressive correction 
relative to ideal postoperative PT was associated with 
the lowest rates of pelvic nonresponse (Figure 2a, P = 
0.012 and P < 0.001, respectively). Similar trends were 
also observed for patients overcorrected relative to ideal 
age- specific PI- LL alignment (Figure 2b), but not ideal 
SVA alignment (Figure 2c).

For patients with severe preoperative PI- LL defor-
mity (SRS- Schwab modifier ++), lower rates of pelvic 
nonresponse were also associated with overcorrection 

relative to ideal postoperative PT (Figure 3a, P < 0.001) 
and PI- LL (Figure 3b, P = 0.001) targets, but not SVA 
(Figure 3c).

Similarly, for patients with severe preoperative PT 
(++), lower rates of pelvic nonresponse were observed 
in patients overcorrected relative to age- specific ideal 
postoperative PT (Figure 4a, P < 0.001) and PI- LL 
(Figure 4b, P = 0.001), but not SVA (Figure 4c, P = 
0.860).

Case Examples

Figure 5 presents case examples of a pelvic nonre-
sponse and a pelvic response patient. At baseline, the 
“pelvic nonresponse” patient was 72 years old and pre-
sented with severe sagittal malalignment, as assessed 
by SVA (175 mm, SRS- Schwab Modifier: ++), PI- LL 
(58°, ++), and PT (43°, ++). This patient underwent 
posterior fusion from T4 to pelvis, including a pedicle 
subtraction osteotomy at L3. At 6 months postoperative, 
the “pelvic nonresponse” patient was undercorrected 
relative to age- specific alignment targets for SVA (88 

Table 3. Comparison of postoperative sagittal alignment and lower limb alignment between PNR and PR.

Radiographic Parameter

Patient Group

P Value
PNR

(N = 29)
PR

(N = 29)

Postoperative sagittal alignment
  Pelvic tilt (°) 30.2 ± 6.7 17.4 ± 8.4 <0.001
  Mismatch between pelvic incidence and lumbar 

lordosis (°)
17.0 ± 12.0 2.9 ± 10.9 <0.001

  Sagittal vertical axis (mm) 51.6 ± 42.3 37.0 ± 45.6 0.209
  T4 T12 thoracic kyphosis (°) −46.6 ± 13.1 −40.7 ± 18.3 0.163
  T1 spinopelvic inclination (°) −3.0 ± 5.3 −1.8 ± 5.6 0.427
Postoperative lower limb alignment
  Sacrofemoral angle (°) 203.14 ± 38.7 198.6 ± 7.9 0.535
  Knee angle (°) 2.2 ± 29.7 12.9 ± 34.6 0.227
  Ankle angle (°) 8.5 ± 4.6 0.3 ± 36.1 0.240
  Pelvic shift (mm) 52.6 ± 30.8 31.2 ± 35.6 0.021
  Global sagittal angle (°) 9.4 ± 16.2 3.8 ± 4.3 0.096

Abbreviations: PNR, pelvic nonresponders; PR, pelvic responders.
Note: Data presented as mean ± SD. Bolded values indicate statistical significance at P < 0.05.

Table 4. Comparison of pre- to postoperative changes in lower limb alignment, as well as rates of residual postoperative lower extremity compensation, between 
PNR and PR.

Radiographic Parameter

Patient Group

P Value
PNR

(N = 29)
PR

(N = 29)

Pre- to postoperative change in lower limb alignment
  Sacrofemoral angle (°) 2.1 ± 5.8 −5.3 ± 7.0 <0.001
  Pelvic shift (mm) −24.1 ± 37.3 −63.7 ± 42.5 0.001
  Pelvic femoral angle (°) −1.4 ± 2.2 −3.8 ± 3.0 0.002
  Global sagittal angle (°) −3.5 ± 4.8 −8.8 ± 4.4 <0.001
Rates of persistent postoperative lower extremity compensation
  Sacrofemoral angle 68% 25% 0.003
  Ankle flexion 64% 33% 0.032
  Pelvic shift 28% 4% 0.049

Abbreviations: PNR, pelvic nonresponders; PR, pelvic responders.
Note: Data presented as mean ± SD or %. Bolded values indicate statistical significance at P < 0.05.
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mm, +), PI- LL (35°, ++), and PT (35°, ++). The “pelvic 
response” patient was also 72 years old at baseline and 
presented with severe malalignment for SVA (124 mm, 
++), PI- LL (27°, ++), and PT (24°, +). This patient 
underwent posterior fusion from T10 to sacrum, includ-
ing wedge resection osteotomies at L3- L4 and L4- L5. 
At 6 months postoperative, this patient was overcor-
rected relative to ideal age- specific PI- LL (−3°, 0) and 
showed no little residual pelvic compensation (PT: 14°, 
SRS- Schwab modifier: 0).

DISCUSSION

Excessive pelvic retroversion, as assessed by PT, is 
a key indicator of spinopelvic malalignment, and has 
previously been associated with increased levels of low 
back pain and disability.1,17 For ASD patients presenting 
with substantial impairments in health- related quality 
of life, PT values greater than 20° may constitute an 
indication for surgical intervention.18 Importantly, oper-
ative ASD treatment cannot directly change PT; instead, 
satisfactory restoration of LL in relation to a patient’s PI 
reduces the need for pelvic compensation, effectively 
resulting in PT reduction. Despite recent improvements 
in the understanding of alignment objectives for patients 
undergoing deformity corrective surgery, the literature 

shows examples of patients who continue to have post-
operative pelvic compensation, despite achieving phys-
iologically acceptable truncal inclination following 
surgery.19 This residual postoperative compensation for 
deformity—or pelvic nonresponse—remains a problem 
for ASD patients and may be associated with inferior 
clinical outcomes. The results of our study showed an 
appreciable number of patients with both residual post-
operative pelvic and lower extremity compensation fol-
lowing ASD corrective surgery. Additionally, our study 
found that for patients with substantial preoperative 
sagittal deformity, rigorous correction with respect to 
ideal age- specific alignment is associated with lower 
rates of postoperative pelvic nonresponse.

In our population of 146 surgical ASD patients, 
an alarmingly high number of 70 patients qualified 
as PNR (47.9%), showing no pre- to postoperative 
improvement in SRS- Schwab PT modifier. This rate 
of pelvic nonresponse is comparable to previously 
published studies, which show insufficient or no post-
operative PT improvement in 41% to 75% of surgical 
ASD patients.20,21 Perhaps most importantly, however, 
the results of this study reveal a novel finding: that for 
patients with moderate to severe preoperative truncal 
inclination (SRS- Schwab modifiers + and ++ ), more 

Figure 2. Rates of pelvic nonresponse compared across patients undercorrected relative to ideal age- specific postoperative alignment targets, patients matching 
ideal targets, and patients overcorrected relative to ideal targets for pelvic tilt (PT) (2a), pelvic incidence and lumbar lordosis (PI- LL) (2b), and sagittal vertical axis 
(SVA) (2c). These comparisons were conducted within groups of increasing baseline Scoliosis Research Society (SRS)- Schwab SVA modifier severity (0, +, and ++).

Figure 3. Rates of pelvic nonresponse compared across patients undercorrected relative to ideal age- specific postoperative alignment targets, patients matching 
ideal targets, and patients overcorrected relative to ideal targets for pelvic tilt (PT) (3a), pelvic incidence and lumbar lordosis (PI- LL) (3b), and sagittal vertical axis 
(SVA) (3c). These comparisons were conducted within groups of increasing baseline Scoliosis Research Society (SRS)- Schwab PI- LL modifier severity (0, +, and 
++).
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Figure 4. Rates of pelvic nonresponse compared across patients undercorrected relative to ideal age- specific postoperative alignment targets, patients matching 
ideal targets, and patients overcorrected relative to ideal targets for pelvic tilt (PT) (4a), pelvic incidence and lumbar lordosis (PI- LL) (4b), and sagittal vertical axis 
(SVA) (4c). These comparisons were conducted within groups of increasing baseline Scoliosis Research Society (SRS)- Schwab PT modifier severity (0, +, and ++).

Figure 5. Case examples showing preoperative and 6 months postoperative standing lateral radiographs of a pelvic nonresponse (left) and a pelvic response 
patient (right).
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lumbar correction relative to previously published age- 
specific ideal postoperative alignment targets is associ-
ated with lower rates of pelvic nonresponse following 
surgery.

Previous studies in the ASD literature demonstrate a 
clear relationship between PT and health- related quality 
of life. In a prospective study of 125 adult deformity 
patients, Lafage et al showed significant correlations 
between greater baseline PT values and inferior scores 
on several measures of pain and disability, including the 
Oswestry Disability Index (ODI), the SRS question-
naire, and the Short Form 12- item survey.1 Regression 
analysis conducted by Schwab and colleagues sim-
ilarly showed a relationship between greater baseline 
PT and inferior ODI scores in a prospective population 
of 492 ASD patients.22 Additional research shows that 
pre- to postoperative reductions in PT, as assessed by 
SRS- Schwab modifier, are associated with significant 
improvements in overall ODI and SRS scores.21 As a 
whole, this body of literature effectively highlights the 
clinical importance of adequate PT correction in ASD 
corrective surgery. The results of our study suggest 
that to achieve adequate postoperative PT alignment, 
patients with substantial baseline sagittal deformity 
may warrant more aggressive surgical correction rela-
tive to their ideal age- specific postoperative alignment 
targets.

This is not to understate the importance of matching 
age- specific postoperative alignment targets in surgery 
for ASD. Particularly for older patients, more aggres-
sive correction relative to ideal age- specific PI- LL 
alignment is associated with higher rates of complica-
tions like proximal junctional kyphosis (PJK).23 Inter-
estingly, however, although undercorrection relative 
to ideal age- specific postoperative alignment has been 
associated with inferior 2- year postoperative clinical 
outcomes, recent research shows no difference in clin-
ical outcomes between patients who match ideal align-
ment targets, and patients who are overcorrected.1

Differences in clinical outcomes between these surgi-
cal correction groups have not been explored in context 
of pelvic nonresponse—this topic warrants attention in 
future studies. Still, given the comparable clinical out-
comes of patients matching and overcorrected relative 
to age- specific targets, for ASD patients who have a low 
risk of developing PJK, greater surgical correction rel-
ative to age- specific alignment may be an effective way 
to mitigate pelvic nonresponse. Our results suggest that 
for severely deformed patients able to tolerate rigorous 
correction with respect to medical and PJK risk, ideal 
age- adjusted alignment targets may need to be adjusted 

to optimize surgical outcomes. Future studies could 
identify new target alignment thresholds in low- risk 
cohorts to improve pelvic response and correlate these 
thresholds with patient- reported outcomes. This rela-
tionship, however, remains speculative, and additional 
research is also necessary to assess other potential 
factors associated with residual lumbopelvic com-
pensation following ASD corrective surgery. A better 
appreciation of the factors that influence the degree of 
correction appropriately could further individualize sur-
gical planning to decrease PJK development and dimin-
ish pelvic nonresponse.

A key limitation of this study is the lack of data track-
ing both patient health- related quality of life and PJK 
outcomes. Given the previous body of literature showing 
an association between PJK and more aggressive surgi-
cal correction relative to age- specific alignment targets, 
it is important that future studies investigate the rela-
tionship between PJK, pelvic nonresponse, and age- 
specific alignment, as well as the relationship between 
pelvic nonresponse and clinical outcomes. Another 
important limitation of this study is the lack of data 
tracking the presence of concurrent hip conditions, 
which may affect pelvic range of motion, and conse-
quently, compensation for deformity. This study is also 
limited by the retrospective single- center study design, 
which allows for the possibility of selection bias and 
reduces the generalizability of our findings. Our study 
also does not account for surgeon- specific preoperative 
goals for ASD correction. Despite these limitations, 
we maintain that this study is an important step toward 
understanding the best surgical plan to optimize align-
ment outcome following surgery for ASD.

CONCLUSION

In this population of surgical ASD patients, the rate 
of residual postoperative pelvic retroversion, or pelvic 
nonresponse, was 49.7%. For patients with moderate to 
severe baseline truncal inclination, this study showed 
that more aggressive surgical correction relative to 
ideal age- specific PI- LL was associated with lower 
rates of pelvic nonresponse. These results suggest that 
for patients with substantial preoperative sagittal defor-
mity, existing postoperative alignment targets may need 
to be adjusted to optimize alignment outcomes.
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