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Should Sagittal Spinal Alignment Targets for Adult
Spinal Deformity Correction Depend on Pelvic
Incidence and Age?
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and ODI/SF-36 PCS scores were analyzed in the ASD and

Study Design. Retrospective analysis.
Objective. Determine whether deformity corrections should

vary by pelvic incidence (PI).
Summary of Background Data. Alignment targets for defor-

mity correction have been reported for various radiographic

parameters. The T1 pelvic-angle (TPA) has gained in applications

for adult spinal deformity (ASD) surgical-planning since it

directly measures spinal alignment separate from pelvic- and

lower-extremity compensation. Recent studies have demon-

strated that ASD corrections should be age specific.
Methods. A prospective database of consecutive ASD patients

was analyzed in conjunction with a normative spine database.

Clinical measures of disability included the Oswestry Disability

Index (ODI) and Short Form 36 Survey (SF-36) Physical Compo-

nent Score (PCS). Baseline relationships between TPA, age, PI,
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asymptomatic patients. Linear regression modeling was used to

determine alignment targets based on PI and age-specific

normative SF-36-PCS values.
Results. Nine hundred three ASD patients (mean 53.7 yr) and

111 normative subjects (mean 50.7 yr) were included. Patients

were subanalyzed by PI: low, medium, high (<40, 40–75, >75);

and age: elderly (>65 yr, n¼375), middle age (45–65 yr,

n¼387), and young (18–45 yr, n¼ 141). TPA and SRS-Schwab

parameters correlated with age and PI in ASD and normative

subjects (r¼0.42, P<0.0001). ODI correlated with PCS

(r¼0.71, P<0.0001). Linear regression analysis using age-

normative SF-36-PCS values demonstrated that ideal spinopelvic

alignment is less strict with increasing PI and age.
Conclusion. Targets for ASD correction should vary by age and

PI. This is demonstrated in both asymptomatic and ASD subjects.

Using age-normative SF-36 PCS values, alignment targets are

described for different age and PI categories. High-PI patients do

not require as rigorous realignments to attain age-specific

normative levels of health status. As such, sagittal spinal

alignment targets increase with increasing age as well as PI.
Key words: adult spinal deformity, deformity correction,
sagittal spinal alignment, surgery.
Level of Evidence: 3
Spine 2020;45:250–257

dult spinal deformity (ASD) is associated with pain
A and disability including difficulties with standing,
walking, performing personal hygiene, and pursu-

ing social activities.1–7 In the past decade, spinal alignment
has drawn considerable focus.1–5,8,9 Targets for ASD cor-
rection have been proposed in line with studies that
have reported correlations between alignment parameters
and health-related qualify of life measures (HRQOL).3,5,7

However, investigators are beginning to realize that a ‘‘one
size fits all’’ approach to alignment in ASD corrections is an
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oversimplification in spite of the fact that the field of
spine surgery and orthopaedics in general are amenable
to measurements and guidelines.10,11 Age is one variable in
particular that has gained recent attention as a factor that
has to be considered when defining optimal alignment
in ASD patients.10,11 Elderly patients, essentially those
who are more frail, do not require as rigorous spinal
alignments when undergoing ASD corrections as younger
more robust patients.10 Overcorrecting the elderly can lead
to mechanical complications such as proximal junctional
kyphosis without any incremental improvement in health
outcomes.11

Many authors have recognized the importance of pelvic
morphology in determining spinal curvatures.4,5,9,12 The
pelvic incidence (PI) parameter is the most widely utilized
description of pelvic shape and it sets the foundation
for spinal morphology, determining the spinal curvatures
of adjacent spinal regions.4,5 While lumbar lordosis (LL)
has been correlated to pelvic incidence and pelvic
incidence minus lumbar lordosis (PI-LL) mismatch has
been utilized to determine the gap in lordosis in lumbar
flatback deformity, no study has determined if sagittal
spinal alignment targets in ASD correction should depend
on pelvic morphology.

The purpose of this study is to investigate sagittal spinal
alignment among asymptomatic subjects with varying
degrees of pelvic incidence and to determine if targets for
deformity correction in ASD patients should vary by pelvic
incidence as well as age.

MATERIALS AND METHODS

Study Design
This study is a multicenter, prospective data analysis of
patients with adult spinal deformity conducted through the
International Spine Study Group, a collaboration of spine
surgeons from 11 sites across the United States. Institu-
tional Review Board approval was obtained at each site
for the patient enrollment and data collection protocols.
Inclusion criteria for enrollment were age > 18 years and a
radiographic diagnosis of ASD defined as at least one of
the following: coronal Cobb angle � 208, sagittal vertical
axis (SVA) � 5 cm, pelvic tilt (PT) � 258, or thoracic
kyphosis � 608. For the present study, all subjects
had 36 inch standing scoliosis x-rays and HRQOL data
available at baseline.

Radiographic Analysis and Data Collection
Data collection at baseline included standardized HRQOL
questionnaires, as well as clinical, demographic, and radio-
graphic information. Basic demographic and clinical data
included patient age, sex, body mass index, and Charlson
comorbidity index.13

All subjects had 36 inch standing scoliosis x-rays for
which the patients were free of any external support such
as walkers or hanging bars. All radiographic measurements
were performed at a central location using standard
Spine
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techniques for established parameters. Radiographic analy-
sis was performed on baseline x-rays using a dedicated and
validated software (Spineview, ENSAM, Paris).14,15 Radio-
graphic parameters recorded included T1 pelvic angle (TPA)
(Figure 1), SVA, PT, and PI � LL.

Health-related quality of life (HRQOL) assessment tools
included the Oswestry Disability Index (ODI), Scoliosis
Research Society (SRS)-22, and Short Form (SF)-36 ques-
tionnaires. Two standard summary scores were calculated
based on the Short Form 36 Survey (SF-36), the Physical
Component Score (PCS), and the Mental Component Score.
The SRS-22 provides a summary score and multiple sub-
domains, including activity, pain, appearance, mental,
and satisfaction.

Age-specific Alignment Targets
In the ASD cohort, correlations were assessed within the
radiographic parameters, and between radiographic param-
eters and HRQOL scores. Linear regression analysis was
performed on the baseline alignment and HRQOL data.
Published United States SF-36 age-specific normative data
was used to establish optimal alignment. Linear regression
analyses were performed with PI, age, and HRQL as inde-
pendent parameters and the radiographic alignment meas-
urements as dependent parameters. Using these regressions
with SF-36 physical component score (SF-36 PCS) data,
targets for optimal correction for different PI magnitudes
and age groups were determined from the radiographic
alignments. Additionally, using the ODI data, the values
of the alignment variables corresponding to moderate dis-
ability (ODI¼20) and severe disability (ODI¼40) were
calculated.

Asymptomatic Subject Analysis
A cohort of asymptomatic subjects was analyzed. These
subjects had no back pain, neck pain, or complaints related
to postural deformity. Correlations were assessed between
alignment, age, and pelvic incidence. Linear regression
analysis was performed on their TPA, age, and pelvic inci-
dence to determine normative TPA values for different
pelvic incident and age categories.

RESULTS

Adult Spinal Deformity Patient Population
A total of 903 ASD patients (mean age 59.8 yrs) were
included (Table 1). Patients were subanalyzed by PI: low,
medium, high (<408, 408–758,>758); and age: elderly (>65
yr, n¼375), middle age (MA 45–65 yr n¼387), and young
(18–45 yr, n¼141).

Correlations Analysis
TPA correlated with age and PI in ASD and normative
subjects (r>0.42, P<0.0001). ODI correlated with SF36
PCS (r¼0.71, P<0.0001). TPA was correlated with SVA
(r¼0.837), PT (r¼0.933), PI – LL (r¼0.889), and T1SPi
(r¼0.589). In terms of HRQOL, TPA correlated with SF-36
www.spinejournal.com 251
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Figure 1. The T1 pelvic angle (TPA) is a measure of global align
ment that simultaneously accounts for both SVA and pelvic tilt.3 I
is defined as the angle between a line from the bicoxofemoral axis
to the centroid of T1 and the line from the bicoxofemoral axis to
the middle of the sacral endplate. A larger TPA is associated with
worse disability; a TPA of 148 corresponds to an ODI of 20. SVA
indicates sagittal vertical axis.
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physical component (r¼�0.445), ODI (r¼0.435), and
SRS-22 total (r¼�0.358) scores. These associations were
similar to those for SVA, PT, PI-LL, and T1SPI. All the
reported correlations were significant at the P<0.01 level.
aut
Linear Regression
The linear relationship between TPA, PI, and SF-36 PCS was
used to generate a linear regression model (r¼0.53,
r2¼0.28, P<0.001) leading to the following equation:

TPA ¼ 0:43 � PI � 0:43 � SF36PCS þ 13:12

This linear regression was used to generate TPA
values corresponding to US normative values of SF-36
PCS for a full range of ages and pelvic incidence values
(Table 2).

Using the aforementioned linear regression and the ODI
data, the TPA values corresponding to low disability
(ODI>20) and severe disability (ODI > 40) were deter-
mined for each PI category (Table 3). An ODI of 20
corresponded to a TPA of 9.28 for low PI patients, 18.08
for medium PI patients, and 29.18 for high PI patients
(Table 3).

The linear relationship between PI, SF-36 physical com-
ponent scores and the other SRS-Schwab parameters for
ASD classification was used to generate linear regression
models for SVA, PT, and PI-LL leading to the following
three equations:

SVA ¼ 0:78 � PI � 2:55 � SF36PCS þ 104:9
ðr ¼ 0:40; r2 ¼ 0:16Þ

PT ¼ 0:40 � PI � 0:27 � PCS þ 10:08
ðr ¼ 0:52; r2 ¼ 0:27Þ

PI � LL ¼ 0:44 � PI � 0:64 � PCS þ 12:51
ðr ¼ 0:40; r2 ¼ 0:16Þ

The linear regression model for SVA was used to create
SVA targets for different PI and age categories using the
normative age-specific SF-36 physical component scores
(Table 4). Additionally, alignments corresponding to low
and severe disability were calculated for the different PI
categories (Table 3).

Asymptomatic Subject Analysis
Among the 111 asymptomatic subjects (mean age 50.7 yr),
TPA correlated with PI (r¼0.60, P<0.001) and age
(r¼0.49, P<0.001). The linear relationship between
TPA, PI, and age was used to generate a linear regression
model leading to the following equation:

TPA ¼ 0:21 � Age þ 0:40 � PI � 22:7
ðr ¼ 0:72; r2 ¼ 0:52;P < 0:001Þ

This linear regression was used to calculate
normative alignments for different age and PI categories
(Table 5).

DISCUSSION
Preoperative planning of adult spinal deformity has been
shown to improve postoperative radiographic results and
February 2020
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TABLE 1. Baseline Demographic Information, Radiographic Parameters, and Patient Reported
Outcomes

N¼903 Mean SD Min Max

Sex (% female) 74.3%

Age (yrs) 59.8 14.7 18.2 86.5

BMI (kg/m2) 27.9 6.1 15.8 65.9

ODI 45.1 18 0 92

SF-36 PCS 31 9.7 8.7 67.2

Prior spine surgery (%) 51.4%

CCI 1.7 1.7 0 8

PI (8) 55.5 12.8 23.5 101.9

TPA (8) 23.5 13.1 �9.3 72.4

SVA (mm) 69.2 72.8 �83.7 326.5

PT (8) 24.3 10.6 �12.7 67.9

PI-LL (8) 17.2 21.6 �52.1 101.7

CCI indicates Charlson comorbidity index; ODI, Oswestry disability index; PCS, physical component score; PI, pelvic incidence; PI-LL, pelvic incidence minus
lumbar lordosis mismatch; PT, pelvic tilt; SVA, sagittal vertical axis; TPA, T1 pelvic angle.

TABLE 2. TPA Alignment Values in ASD Patients Corresponding to Normative US Age-specific SF-36
PCS, Further Stratified by PI and Age Categories

TPA Values (8) for Different Age Groups Corresponding to US-normative SF-36 PCS, Stratified by PI

Age (years)

<35 35–44 45–54 55–64 65–74 �74

PI (8)

30–40 5.07 5.75 6.82 8.43 9.54 11.88

40–50 9.37 10.05 11.12 12.73 13.84 16.18

50–60 13.67 14.35 15.42 17.03 18.14 20.48

60–70 17.97 18.65 19.72 21.33 22.44 24.78

70–80 22.27 22.95 24.02 25.63 26.74 29.08

>80 26.83 27.50 28.58 30.19 31.30 33.64

ASD indicates adult spinal deformity; PCS, physical component score; PI, pelvic incidence; TPA, T1 pelvic angle.

TABLE 3. Values for Various Alignment Parameters Corresponding to ODI Thresholds for Low
Disability (ODI¼20) and Severe Disability (ODI¼40) in Low PI (<408), Medium PI (408–
758), and High PI (>758) ASD Patients

ODI Threshold

PI

<408 408–758 >758

TPA (8) 20 9.2 18.0 29.1

40 14.0 22.8 33.9

SVA (mm) 20 24.5 39.6 59.4

40 46.9 61.9 81.8

PT (8) 20 12.9 20.7 30.82

40 15.3 23.0 33.2

PI-LL (8) 20 1.0 9.6 20.8

40 15.3 23.0 33.2

ASD indicates adult spinal deformity; ODI, Oswestry disability index; PI, pelvic incidence; PI-LL, pelvic incidence minus lumbar lordosis mismatch; PT, pelvic
tilt; SVA, sagittal vertical axis; TPA, T1 pelvic angle.
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TABLE 4. SVA Alignment Values in ASD Patients
Corresponding to Normative US Age-
specific SF-36 PCS, Further Stratified
by PI and Age Categories

SVA values (mm) corresponding to US
Age-Specific normative SF-36 PCS

Age <45 Age 45–65 Age >65

PI<40 �4.12 15.70 22.33

PI¼40–75 10.94 30.83 37.46

PI>75 30.76 50.65 57.28

ASD indicates adult spinal deformity; PCS, physical component score; PI,
pelvic incidence; SVA, sagittal vertical axis.

TABLE 5. Normative TPA Alignment Values in
Asymptomatic Subjects, Stratified by
Age and PI Categories

Normative TPA Values (8) for Different
Age and PI Categories

Age < 45 Yr Age 45–65 Yr Age > 65 Yr

PI < 40 �3.26 1.60 5.23

PI 40–75 6.69 11.6 15.2

PI > 75 16.6 21.5 25.1

PI indicates pelvic incidence; TPA, T1 pelvic angle.
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health-related quality of life outcomes.16 It is convenient to
have a simplified, easy-to-remember, set of rules when
planning ASD surgery; however, in practice, every patient
presents a distinct challenge and the goals of spinal defor-
mity surgery may not always fit into a simplified set of
realignment targets.3,5,10,11 For example, there are patients
who have significant clinical improvement following ASD
surgery despite not meeting ‘‘optimal’’ alignment criteria;
and conversely there are patients who may seem adequately
aligned but may have residual functional limitations. The
results of this study demonstrate that the discrepancy in the
surgical outcomes of such patients may lie in the fact that
pelvic incidence was not considered when assessing the
adequacy of spinal alignment.

A similar discrepancy has been recognized once studies
identified that realignment targets should depend on
age.10,11 In a multicenter study on ASD surgery, Schwab
et al17 reported that 23% of patients undergoing deformity
correction were not optimally aligned; however, that inves-
tigation predated our understanding of age-specific align-
ment. The failure to bring patients into acceptable alignment
could be attributable to the clinical acumen of the surgeons
in recognizing that elderly patients do not need to be
brought into the same alignment as their younger counter-
parts.
254 www.spinejournal.com
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Other authors have recognized the importance of
pelvic morphology in determining spinal curvatures and
shapes.4,5,12 Dubousset favored the term, ‘‘pelvic
vertebra’’ when describing its relation to the spine and
lower limbs.18 Roussouly published a classification of spinal
curvatures and one essential feature in distinguishing the
different types was the magnitude of the pelvic incidence.19

However, no study to date has reported how pelvic inci-
dence can affect specific sagittal spinal alignment measure-
ments corresponding to normative age-specific health
status.

This study utilized published age-specific normative
values for the SF-36 PCS and data from a large multicenter
database of ASD patients to determine the alignments that
would correspond to the expected function status of age-
matched peers. The SF-36 is health outcome measure that
has been utilized to quantify health status in many different
diseases. Since it is not specific to any particular pathology,
it can serve as a comparative measure of functional status
between various diseases.6 Furthermore, since normative
data is available for subjects of different ages, the SF-36 can
be used to compare patients with a specific pathology, in
this case ASD, to those of their age-matched asymptomatic
peers. This study affirms prior studies that demonstrated
that alignment parameters in ASD patients correlate to
functional status (SF-36 PCS) and age.10 However, the
novel aspect of this investigation is that it demonstrates
that there is also a strong correlation with a third factor,
pelvic incidence. As can be seen in Tables 2–4, when pelvic
incidence is factored into our calculation of optimal align-
ments that correspond to normative functional status, the
values vary by more than 50% within each age category.
For example, the optimal TPA alignment for an elderly
patient with a low pelvic incidence is 11.98 whereas an
elderly patient with a high pelvic incidence has an optimal
TPA of 33.68 (Table 2). The fact that sagittal spinal align-
ment varies by age and pelvic incidence was also demon-
strated in the asymptomatic subject analysis. The model
correlating TPA alignment with age and PI among asymp-
tomatic subjects had an r¼0.72, demonstrating a strong
association with these parameters. Comparing Tables 2–5,
optimal TPA alignments for ASD patients are sagittally
more forward than those of asymptomatic subjects. In using
this data to guide surgical planning, alignment targets for
TPA, SVA, PI-LL, and PT should match the optimal align-
ments from the ASD analysis since the asymptomatic
patient data would lead to overcorrection without any
improvement in functional outcome but with a greater risk
of mechanical complications such as proximal junctional
kyphosis as demonstrated by Lafage et al11 (Figures 2A–C,
3A–C).

Other authors have reported that patients often do not
correct their pelvic tilt following ASD surgery.20 This too
may result from the fact that the magnitude of pelvic
incidence was not considered when assessing optimal align-
ment. This study shows that among asymptomatic norma-
tive subjects, those with high pelvic incidence will stand with
February 2020
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Figure 2. (A) Baseline, (B) 6-week postoperative, and (C) 2-year postoperative standing scoliosis X-rays of a 76-year-old female patient with a
pelvic incidence of 908 who underwent correction of sagittal spinal deformity (baseline TPA ¼ 528). Based on the optimal alignment targets
(Table 2), she was overcorrected with a TPA of 218 at 6 weeks. She developed a progressive proximal junctional kyphosis. Nevertheless she
improved in her ODI from 60 to 38 at 2 years.
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a higher pelvic tilt. Moreover, this was confirmed in the
analysis of ASD patients which demonstrated that optimal
PT varied by pelvic incidence and age.

Similarly, for sagittal spinal alignment, an ASD patient with
high pelvic incidence does not require as rigorous a postopera-
tive alignment as one with a low PI (Figures 2 and 3). In spinal
deformity planning this is where T1 pelvic angle can be
particularly helpful.3 While surgeons can simulate how a
particular osteotomy can affect SVA and PT, it is difficult to
determine definitively how a patient will stand postoperatively
in terms of their pelvic retroversion (PT) and their upper
thoracic inclination (SVA).21 However, TPA describes the
geometry of the underlying global spinopelvic alignment.3

This more directly measures the geometry that is modified
during spinal realignment surgery.3 TPA and its component
angles have been shown to be effective intraoperative tools to
confirm the adequacy of sagittal spinal deformity correc-
tion.22,23

CONCLUSION
Historically, thresholds for various spinal alignment
parameters have been based on average values observed
Spine
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in a heterogeneous population. With the technological
advancements in imaging and surgical planning software,
it is becoming increasingly well recognized that a ‘‘one-
size-fits-all’’ approach to adult spinal deformity surgery is
not appropriate. The current study evaluates the effects of
PI and age on alignment. These results from this study
reaffirm the conclusions of previous studies, finding that
older adults require less aggressive corrections than youn-
ger patients. This study also demonstrated that PI is sig-
nificantly associated with global sagittal alignment as well
as spinopelvic parameters and as such, alignment targets in
ASD surgery should not only account for age, but also PI.
Similar to older patients, a patient with a larger PI requires
a less rigorous alignment than a patient with a smaller PI.
While the formulas presented in this study are useful for
calculating precise alignment targets in ASD surgical plan-
ning, it is unrealistic and often unnecessary to perform
these calculations for every patient in a clinical setting.
Therefore, targets for various alignment parameters are
provided for different age and PI categories that can be
more easily utilized when evaluating a patient’s spinal
alignment.
www.spinejournal.com 255
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Figure 3. (A) Baseline, (B) 6-week postoperative, and (C) 2-year postoperative standing scoliosis X-rays of a 67-year-old female patient with a
pelvic incidence of 878 who underwent correction of sagittal spinal deformity (baseline TPA¼468). Based on the optimal alignment targets
(Table 2), she was well corrected with a TPA of 348 at 6 weeks. She improved in her ODI from 50 to 31 at 2 years.
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Key Points
6

py
Optimal sagittal alignment targets differ for each
patient. Previous research has shown that
alignment targets for adult spinal deformity
correction are age specific. The current study
demonstrates that alignment targets should
account for pelvic incidence as well as age.

Using age-normalized SF-36 physical component
scores and pelvic incidence, optimal alignment
targets can be defined for T1-pelvic angle pelvic
tilt, pelvic incidence-lumbar lordosis mismatch,
and sagittal vertical axis.

Elderly patients and patients with high pelvic
incidence require less rigorous sagittal alignment
to attain age-specific normative levels of
health status.
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