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Background: Adult spinal deformity is a prevalent cause of pain and disability. Established measures of sagittal
spinopelvic alignment such as sagittal vertical axis and pelvic tilt can be modified by postural compensation,
including pelvic retroversion, knee flexion, and the use of assistive devices for standing. We introduce the T1
pelvic angle, a novel measure of sagittal alignment that simultaneously accounts for both spinal inclination and
pelvic retroversion. The purpose of this study was to investigate the relationship of the T1 pelvic angle and other
established sagittal alignment measures and to correlate these parameters with health-related quality-of-life
measures.

Methods: This is amulticenter, prospective, cross-sectional analysis of consecutive patients with adult spinal deformity.
Inclusion criteria were adult spinal deformity, an age of greater than eighteen years, and any of the following: scoliosis, a
Cobb angle of ‡20�, sagittal vertical axis of ‡5 cm, thoracic kyphosis of ‡60�, and pelvic tilt of ‡25�. Clinical measures of
disability included the Oswestry Disability Index (ODI), Scoliosis Research Society (SRS)-22, and Short Form-36 (SF-36)
questionnaires.

Results: Five hundred and fifty-nine consecutive patients with adult spinal deformity (mean age, 52.5 years) were
enrolled. The T1 pelvic angle correlated with the sagittal vertical axis (r = 0.837), pelvic incidence minus lumbar lordosis
(r = 0.889), and pelvic tilt (0.933). Categorizing the patients by increasing T1 pelvic angle (<10�, 10� to 20�, 21� to 30�,
and >30�) revealed a significant and progressive worsening in health-related quality of life (p < 0.001 for all). The T1 pelvic
angle and sagittal vertical axis correlated with the ODI (0.435 and 0.455), SF-36 Physical Component Summary (–0.445
and –0.458), and SRS (–0.358 and –0.383) (p < 0.001 for all). Utilizing a linear regression analysis, a T1 pelvic angle of
20� corresponded to a severe disability (an ODI of >40), and the meaningful change in T1 pelvic angle corresponding to
one minimal clinically important difference was 4.1� on the ODI.
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Conclusions: The T1 pelvic angle correlates with health-related quality of life in patients with adult spinal deformity. The
T1 pelvic angle is related to both pelvic tilt and sagittal vertical axis; however, unlike sagittal vertical axis, it does not vary
on the basis of the extent of pelvic retroversion or patient support in standing. Since the T1 pelvic angle is an angular and
not a linear measure, it does not require calibration of the radiograph. Thus, the T1 pelvic angle measures sagittal
deformity independent of many postural compensatory mechanisms, and it can be useful as a preoperative planning tool,
with a target T1 pelvic angle of <14�.

Level of Evidence: Diagnostic Level II. See Instructions for Authors for a complete description of levels of evidence.

T
he importance of the sagittal plane in adult spinal de-
formity has been well established as a cause of severe pain
and disability. The prevalence of spinal deformity in the

U.S. population has been estimated to be as high as 60%, and the
rate of adult spinal deformity increases with age1. With the aging
of our population and the rising functional expectations of our
elderly patients, optimizing quality of life is an issue of increasing
concern. A recent study has shown that adult spinal deformity
impacts health status as much as cancer, diabetes, and heart
disease2. Glassman et al. demonstrated that sagittal spinal align-
ment was much more important than coronal deformity when
correlated with significant disability by validated outcome mea-
sures3. Their study has become the classic reference that estab-
lished the sagittal vertical axis as the primary measure of sagittal
deformity. Other studies have proposed sagittal parameters such
as the T1 spinopelvic inclination or T1 tilt, which is prevalent in
the spinal deformity literature of Europe4-8. With adult spinal
deformity, pelvic tilt is another important parameter indicative
of pelvic compensation, and increasing pelvic tilt correlates with
increasing disability4,9. Last, a spinopelvic relationship, the mis-
match between pelvic incidence minus lumbar lordosis, is an
integral factor that is very useful in intraoperative planning of
lumbar flatback deformity correction4,9. Schwab et al. advanced a
classification system of adult spinal deformity centered around
the sagittal vertical axis, pelvic tilt, and pelvic incidence minus
lumbar lordosis to capture all potential parameters that deter-
mine the clinically relevant descriptors of spinal deformity10,11.

We introduce the T1 pelvic angle, a novel angular measure
of global sagittal spinal deformity. The T1 pelvic angle is the angle
subtended by a line from the femoral heads to the center of the T1
vertebral body and a line from the femoral heads to the center of
the superior sacral end plate (Fig. 1). The T1 pelvic angle com-
bines information from both the sagittal vertical axis and pelvic
tilt simultaneously to more directly measure the geometry of
global spinal deformity. For an individual patient, sagittal vertical
axis and pelvic tilt are interrelated in the sense that the magnitude
of the one affects that of the other (Fig. 2). This interplay is
modulated further by patient compensatory mechanisms such
as knee flexion and pelvic retroversion to maintain global
standing alignment and horizontal gaze12-14. Since the T1 pelvic
angle accounts for both spinal inclination and pelvic tilt simul-
taneously, it is less affected by such variations in standing
compensation (Fig. 3).

The purpose of this study was to investigate the utility of
the T1 pelvic angle in measuring the magnitude of global

sagittal spinal deformity and to investigate its correlation with
health measures and other radiographic parameters of sagittal
spinopelvic alignment in patients with adult spinal deformity.

Materials and Methods
Study Design

This study is a multicenter, prospective cross-sectional analysis of patients with
adult spinal deformity conducted through the International Spine Study Group

(ISSG), a collaboration of spine surgeons from eleven sites across the United States.
Institutional review board approval was obtained at each site for the patient en-
rollment and data collection protocols. Inclusion criteria for enrollment were an age
of more than eighteen years and a radiographic diagnosis of adult spinal deformity
defined as at least one of the following: coronal Cobb angle of ‡20�, sagittal vertical
axis of ‡5 cm, pelvic tilt of ‡25�, or thoracic kyphosis of ‡60�. For the present study,

Fig. 1

T1pelvic angle (TPA), a novel radiographic parameter that accounts for both

globalmalalignment and compensation throughpelvic retroversion. The T1

pelvic angle is defined as the angle between the line from the femoral

headaxis to the centroid of T1and the line from the femoral headaxis to the

middle of the S1 superior end plate. The T1 pelvic angle is the sum of

the T1 spinopelvic inclination (T1SPi) and the pelvic tilt (PT).
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all subjects had 36-in (91-cm) radiographs of the spine, made with the patient
standing, and health-related quality-of-life data available at baseline.

Radiographic Analysis and Data Collection
Data collection at baseline included standardized health-related quality-of-life
questionnaires as well as clinical, demographic, and radiographic information.
Basic demographic and clinical data included patient age, sex, body mass index
(BMI), and Charlson comorbidity index (CCI)

15
.

All subjects had 36-in (91-cm) spinal radiographs, made with the pa-
tients standing and free of any external support. All radiographic measurements
were performed at a central location (New York University) using standard
techniques for established parameters. Radiographic analysis was performed on
baseline radiographs using a dedicated and validated software program
(SpineView; ENSAM, Paris, France)

16,17
. Measurements were performed by a

trained member of the research staff at the primary study site and then were
reviewed by the senior author (V.L.) for accuracy. Radiographic parameters
recorded included the T1 pelvic angle, sagittal vertical axis, T1 spinopelvic
inclination, pelvic tilt, and pelvic incidence minus lumbar lordosis.

Health-related quality-of-life assessment tools included the Oswestry
Disability Index (ODI)

18
, Scoliosis Research Society (SRS)-22

19
, and Short

Form (SF)-36
20
questionnaires. Two standard summary scores were calculated

on the basis of the SF-36, the Physical Component Summary (PCS) and the
Mental Component Summary (MCS). The SRS-22 provides a summary score
and multiple subdomains, including activity, pain, appearance, mental health,
and satisfaction.

Statistical Analysis
Correlations were assessed both within radiographic parameters and between
radiographic parameters and health-related quality-of-life scores, with a focus
on the T1 pelvic angle. Subjects were stratified into four groups on the basis of
an increasing magnitude of the T1 pelvic angle (<10�, 10� to 20�, 21� to 30�,
and >30�). These groups were compared in terms of sagittal vertical axis, pelvic
tilt, pelvic incidence minus lumbar lordosis, and ODI scores using analysis of
variance (ANOVA) tests with post hoc comparisons.

To assess the reliability of the new measure, five observers measured the
T1 pelvic angle, sagittal vertical axis, pelvic tilt, and pelvic incidence in twenty
sample cases on two separate occasions. The observers consisted of five re-
searchers (three research fellows and two orthopaedic residents) with experi-
ence doing spine measurements. The interobserver and intraobserver reliability
was assessed with an absolute agreement intraclass correlation coefficient (ICC)

Fig. 2

The variability of the sagittal vertical axis (SVA) in a single patient with different degrees of pelvic retroversion. The image to the left shows the alignmentwith

no pelvic compensation, the middle image is the patient’s usual standing alignment with moderate pelvic compensation, and the image to the right shows

the patient flexing her knees to maximize her pelvic retroversion. PT = pelvic tilt.
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analysis using a two-way random effects model. Agreement was classified as
excellent for an ICC of >0.75.

A stepwise linear regression was performed on the entire population
with the ODI score as the dependent variable and the T1 pelvic angle as the
independent variable. This result was used to calculate the T1 pelvic angle value
corresponding to severe disability (ODI of >40) and meaningful change
(minimal clinically important difference [MCID]) (corresponding to ODI
change = 15). Where appropriate, significance was set at p < 0.05. The com-
bined impact of the T1 pelvic angle and pelvic tilt was assessed in predicting
increasing disability on the basis of the ODI using linear regression analysis.

Patients with deformity who had not undergone spine surgery were
compared with those who had prior spine surgery with respect to alignment
parameters and health-related quality of life using the unpaired t test. A linear
regression analysis controlling for the T1 pelvic angle was also performed,
comparing the patients with spinal deformity who had not undergone surgery
and those who had prior spine surgery.

Source of Funding
This study was supported by the International Spine Study Group and was
partially funded by a grant from DePuy Spine and the Scoliosis Research Society.

Results
Patient Group

Atotal of 559 subjects met the inclusion criteria. Nine pa-
tients were excluded because the upper thoracic spine was

not visible on the radiographs and the T1 pelvic angle could
not be measured. The mean age (and standard deviation) was
52.5 ± 16 years (range, 18.4 to 86.2 years), and the mean BMI
was 26 kg/m2. The mean Charlson comorbidity score21 was
1.2 ± 1.5. Eighty-six percent of the patients were female, and
31% had prior spine surgery. The mean patient-reported
outcomes (Table I) were 31.7 points for ODI, 38.5 points
for SF-36 PCS, 47.8 points for SF-36 MCS, and 3.2 points for
SRS-22. The analysis of the sagittal radiographic parameters
(Table II) revealed that the study group encompassed a large
variability of sagittal profiles as illustrated by the range of
variation and the coefficient of variation. A summary of the
analysis of the sagittal deformity by SRS-Schwab is depicted in
a chart (see Appendix).

Fig. 3

The consistency of the T1 pelvic angle (TPA) in the same patient despite varying degrees of pelvic retroversion and knee flexion.
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Correlations Analysis (Table III)
The T1 pelvic angle was highly correlated with sagittal vertical
axis (r = 0.837), pelvic tilt (r = 0.933), pelvic incidence minus
lumbar lordosis (r = 0.889), and T1 spinopelvic inclination (r =
0.589). In terms of health-related quality of life, the T1 pelvic
angle correlated with ODI (r = 0.435), SF-36 PCS (r = –0.445),
and SRS-22 total (r = –0.358) scores. These associations were
similar to those for sagittal vertical axis, pelvic tilt, pelvic inci-
dence minus lumbar lordosis, and T1 spinopelvic inclination.
All the reported correlations were significant at the p < 0.05 level.

Analysis by Increasing T1 Pelvic Angle (Table IV)
The stratification by increased T1 pelvic angle revealed that
there were 167, 187, 118, and eighty-seven subjects in the

groups with a T1 pelvic angle of <10�, 10� to 20�, 21� to 30�,
and >30�, respectively. Moving from the <10� group to the
>30� group, there was progressive worsening in sagittal ver-
tical axis, pelvic tilt, and pelvic incidence minus lumbar lor-
dosis, as well as in ODI (ANOVA, p < 0.001 for all) (Fig. 4,
Table IV).

Reliability Analysis
The interobserver and intraobserver reliability of the T1 pelvic
angle measure had excellent agreement (ICC = 0.980 and
0.902, respectively). It compared favorably with the interob-
server and intraobserver reliability for the sagittal vertical axis
(0.995 and 0.917), pelvic tilt (0.959 and 0.853), and pelvic
incidence (0.909 and 0.866).

TABLE I Demographic Information and Baseline Health-Related Quality of Life for the 559 Subjects

Parameter* Mean
Standard
Deviation Min. Max.

Coefficient of
Variation†

Age (yr) 52.5 16 18.4 86.2 0.3

BMI (kg/m2) 26.0 6.3 15.0 70.2 0.24

Charlson Comorbidity Index (points) 1.2 1.5 0 8 1.25

Oswestry Disability Index (points) 31.7 20.7 0.0 92.0 0.65

SF-36 (points)

PCS 38.5 11.4 13.1 64.8 0.3

MCS 47.8 12.6 8.1 72.5 0.26

SRS (points)

Activity 3.4 1.0 1.2 5.0 0.29

Pain 3.0 1.0 1.0 5.0 0.33

Appearance 2.9 0.9 1.0 5.0 0.31

Mental health 3.6 0.9 1.0 5.0 0.25

Total 3.2 0.8 1.1 5.0 0.25

*BMI = body mass index, SF-36 = Short Form-36, PCS = Physical Component Summary, MCS =Mental Component Summary, and SRS = Scoliosis
Research Society. †Coefficient of variation is the standard deviation divided by the mean.

TABLE II Sagittal Radiographic Parameters for the 559 Study Patients

Parameter Mean
Standard
Deviation Min. Max.

Coefficient of
Variation*

T1 pelvic angle (deg) 17.3 13.1 29.0 69.3 0.8

Thoracic kyphosis† (deg) 232.0 16.4 295.2 6.8 20.5

Lumbar lordosis† (deg) 45.8 19.2 217.2 92.4 0.4

Sagittal vertical axis (deg) 35.2 65.2 2120.3 325.9 1.9

T1 spinopelvic inclination (deg) 23.1 4.9 213.8 21.2 21.5

Pelvic tilt (deg) 20.5 11.0 26.0 68.1 0.5

Pelvic incidence (deg) 54.1 13.1 12.0 97.8 0.2

Pelvic incidence minus lumbar lordosis (deg) 8.3 19.6 240.9 68.0 2.3

*Coefficient of variation is the standard deviation divided by the mean. †A negative sign denotes a kyphotic curvature.
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Linear Regression
The linear relationship between T1 pelvic angle (TPA) and ODI
was used to generate a linear regression model leading to the
following equation (r = 0.435 and r2 = 0.19):

TPA = 8:6471 0:273�ODI

Based on this result, the T1 pelvic angle value corre-
sponding to the cutoff of severe disability—i.e., an ODI of

4018
—was 20�; the T1 pelvic angle corresponding to one MCID

(i.e., an ODI change of 15 points) was 4.1�. An ODI of 20
points, which is considered to be the cutoff for minimal dis-
ability, corresponded to a T1 pelvic angle of 14�18. An ODI of 0
points corresponded to a T1 pelvic angle of 8�.

In an effort to evaluate the combined impact of T1 pelvic
angle and pelvic tilt on ODI, a second linear regression model
with a stepwise condition was generated using ODI as a

TABLE III Correlations Between Radiographic Parameters and Health-Related Quality-of-Life Scores Among the 559 Study Patients*

Short Form-36 Scoliosis Research Society-22

ODI PCS MCS Activity Pain Appearance Mental Total

T1 pelvic angle 0.435† 20.445† 20.144† 20.400† 20.355† 20.319† 20.171† 20.358†

Sagittal vertical axis 0.455† 20.458† 20.172† 20.407† 20.338† 20.362† 20.201† 20.383†

Pelvic tilt 0.353† 20.368† 20.095‡ 20.329† 20.296† 20.248† 20.121‡ 20.284†

Pelvic incidence minus
lumbar lordosis

0.424† 20.445† 20.152† 20.401† 20.359† 20.292† 20.178† 20.354†

T1 spinopelvic inclination 0.379† 20.372† 20.175† 20.338† 20.294† 20.301† 20.188† 20.325†

*All are significant at p < 0.05. ODI = Oswestry Disability Index, PCS = Physical Component Summary, and MCS = Mental Component Summary.
†Denotes significant differences with p £ 0.001. ‡Denotes significant differences with p < 0.05.

Fig. 4

The mean ODI (Oswestry Disability Index), SVA (sagittal vertical axis), PT (pelvic tilt), and PI-LL (pelvic incidence minus lumbar lordosis) for groups by

increasing severity of the TPA (T1 pelvic angle).
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dependent variable and T1 pelvic angle and pelvic tilt as in-
dependent variables. Both independent parameters were sig-
nificant (p < 0.001) and yielded an r of 0.461 (r2 = 0.21). For
this model, the analysis of the standardized coefficients (0.8 for
T1 pelvic angle and –0.4 for pelvic tilt) revealed that the
combined impact of T1 pelvic angle and pelvic tilt predicted
increasing ODI disability when the T1 pelvic angle increased
with a concurrent decrease of pelvic tilt.

Comparison of Patients with Deformity Who Had Prior Spine
Surgery and Those Who Had Not
Compared with the 386 patients with deformity who had not
had spine surgery, the 173 patients who had prior spine surgery
had larger deformities by T1 pelvic angle (mean, 42.4� versus
28.9�; p < 0.0001) and worse health-related quality of life by
ODI (mean, 42.7 versus 26.8 points; p < 0.0001), SF-36 PCS
(mean, 32.4 versus 41.2 points; p < 0.0001), SF-36MCS (mean,
44.4 versus 49.2 points; p < 0.0001), SRS activity (mean, 2.89
versus 3.65 points; p < 0.0001), SRS pain (mean, 2.48 versus
3.65 points; p < 0.0001), SRS appearance (mean, 2.57 versus
3.07 points; p < 0.0001), and SRS mental health (mean, 3.37
versus 3.74 points; p < 0.0001).

In controlling for T1 pelvic angle, comparison of the two
groups revealed that the difference in health-related quality of
life was maintained with revision patients having worse mean
differences for ODI (19.27 points; p < 0.0001), SF-36 PCS
(–4.99 points; p < 0.0001), SF-36 MCS (–3.84 points; p =
0.004), SRS activity (–0.48 point; p < 0.0001), SRS pain (–0.44
point; p < 0.0001), SRS appearance (–0.30 point; p < 0.0001),
and SRS mental health (–0.27 point; p = 0.001).

Discussion

Sagittal spinal deformity is a prevalent and disabling con-
dition that has multiple causes such as the degenerative

process of aging, iatrogenic postoperative flatback syndrome,
posttraumatic kyphosis, and inflammatory arthopathies22-26.

This study introduces the T1 pelvic angle, a novel angular
measure of global sagittal alignment that accounts for both
sagittal vertical axis and pelvic tilt simultaneously. Several pa-
rameters have been described to measure spinal deformity, and
global spinal malalignment correlates with disability by vali-
dated health measures1,3,4,10,27,28. Glassman et al. showed that
among 352 patients with positive sagittal alignment, increasing

sagittal vertical axis correlated with pain and poor health-
related quality-of-life scores3. This relationship was linear, but
the correlation coefficient was weak for all health measures (r =
0.281 for sagittal vertical axis and ODI). Lafage et al. found a
stronger correlation with T1 spinopelvic inclination or T1 tilt
and ODI (r = 0.52, p < 0.001) among 125 patients with adult
spinal deformity4. They postulated that the difference in the
strength of the correlation may have been due to the different
patient sample, but also the inherent error in measuring a
linear parameter such as the sagittal vertical axis, which re-
quires calibration of the radiograph and can vary widely in a
multicenter study. In this regard, the T1 pelvic angle has the
advantage of being an angular spinopelvic measure that does
not require calibration of the radiograph.

Our study demonstrated that the T1 inclination had the
weakest correlation with health-related quality of life compared
with that of the T1 pelvic angle and sagittal vertical axis. This
contradictory finding with prior studies may be the result of the
use of a different patient sample. Unlike the study by Glassman
et al.3, all our radiographic measurements were performed at a
single center with substantial image analysis experience using
dedicated and validated software to minimize variation in the
measurement technique16,17.

To assess the reliability of the new T1 pelvic angle mea-
sure, the T1 pelvic angle, sagittal vertical axis, pelvic tilt, and
pelvic incidence were assessed with ICC analysis. The inter-
observer and intraobserver reliability of the T1 pelvic angle
measure was excellent (0.980 and 0.902, respectively) and
compared favorably with the interobserver and intraobserver
reliability for the sagittal vertical axis (0.995 and 0.917), pelvic
tilt (0.959 and 0.853), and pelvic incidence (0.909 and 0.866).
While the sagittal vertical axis measure proved to be the most
reliable, it is important to note that the radiographs used for
this analysis were in DICOM (Digital Imaging and Commu-
nications in Medicine) form with linear measurements already
embedded in the images; therefore, the linear measurement of
the sagittal vertical axis did not require calibration of the ra-
diographs. If calibration of the radiographs had been necessary,
this would have added more error to the sagittal vertical axis
measure. The angular measures such as the T1 pelvic angle,
pelvic tilt, and pelvic incidence do not require calibration.

A reliability analysis of the use of the SpineView software
in measuring angular spinal alignment parameters was

TABLE IV Comparison of Radiographic Parameters and Oswestry Disability Index Scores for the Four Groups According to T1 Pelvic Angle

T1 Pelvic
Angle Group No.

Sagittal Vertical
Angle* (mm)

Pelvic Tilt*
(deg)

Pelvic Incidence Minus
Lumbar Lordosis* (deg)

Oswestry Disability
Index* (points)

<10� 167 219 ± 32.5 9.1 ± 5.5 211.1 ± 10.1 21.9 ± 17.5

10�-20� 187 19 ± 32.4 19.0 ± 4.1 5.4 ± 9.6 29.4 ± 19.2

21�-30� 118 62 ± 40.3 27.0 ± 4.8 18.7 ± 9.4 36.8 ± 19.9

>30� 87 138 ± 57.3 36.6 ± 8.5 37.9 ± 13.7 48.6 ± 18.5

*For all comparisons, ANOVA had p < 0.001 and all post hoc tests had p < 0.01. The values are given as the mean and the standard deviation.
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performed by Champain et al.16. They determined that the
reproducibility estimator (i.e., the error of an individual ra-
diographic measurement) was 0.1� for T1 inclination and 1.2�
for pelvic tilt. Since the T1 pelvic angle is the sum of these two
measures, the error of the T1 pelvic angle measurement is 1.3�,
which essentially approximates that of the pelvic tilt.

Vialle et al. performed a study of common spinal mea-
surements among asymptomatic subjects6. They found a mean
T1 tilt (and standard deviation) of –1.35� ± 2.7� and a mean
pelvic tilt of 13.2� ± 6.1�. Since T1 pelvic angle is the sum of T1
tilt and pelvic tilt, the mean T1 pelvic angle for the normative
population is estimated to be 11.9�.

Lafage et al. demonstrated that increasing pelvic tilt cor-
related with poor health-related quality of life4. Our study con-
firms this finding and further demonstrates that as global sagittal
deformity increases, the increase in the T1 pelvic angle correlates
with increasing pelvic tilt (r = 0.933). However, an interesting
finding in the study by Lafage et al. was that when the patients
who had deformity were subdivided into four groups by high and
low pelvic tilt and high and low sagittal vertical axis, the group
with the worst ODI had a high sagittal vertical axis and low pelvic
tilt. This suggests that patients with larger deformities without
the ability to compensate with pelvic retroversion have the worst
disability. However, a statistical comparison of the groups was not
presented in that study, and this conclusion was not emphasized.
This finding was confirmed in the present study with a linear
regression analysis demonstrating that when the T1 pelvic angle
and pelvic tilt were considered in tandem, an increasing T1 pelvic
angle was the primary driver of a worse disability score on the
ODI, but concurrent decreasing pelvic tilt also predicted a higher
ODI score, with a p value of <0.01 for the model.

This ability to assess the magnitude of sagittal spinal
deformity with the T1 pelvic angle separate from pelvic com-
pensation may change the paradigm of how we assess global
spinopelvic alignment because, for a given deformity magni-
tude, a lower pelvic tilt implies decompensation and worse
health measures. This explains why pelvic tilt had the weakest
correlation coefficient with health-related quality of life of all of
the parameters (Table III).

Roussouly and Nnadi described spinopelvic relationships
with the use of the spinopelvic angle (SPA) and the spinosacral angle
(SSA), angles measured between a line from C7 to the center of the
sacral end plate, and a line from the center of the sacral end plate to
the femoral heads (SPA), or a line along the end plate (SSA)29. These
spinopelvic parameters are similar in concept to the T1 pelvic angle;
however, these measures decrease as the deformity increases, and
pathologic values that correlate with health-related quality of life
have not been established. The T1 pelvic angle is intrinsically more
intuitive, as it is the sum of T1 inclination and pelvic tilt; as the
deformity increases, so does the T1 pelvic angle. It is easy to pos-
tulate that an optimal target for pelvic tilt of <20� and a T1 incli-
nation of <0� will yield a T1 pelvic angle of <20� as a target for
deformity correction. Indeed, our data show that a T1 pelvic angle of
20� correlated with severe disability according to the ODI score.

By measuring spinal inclination and pelvic tilt simulta-
neously, the T1 pelvic angle measures the magnitude of spinal

deformity independent of pelvic retroversion (Fig. 3). The
sagittal vertical axis measure can be diminished by postural
compensatory mechanisms such as pelvic retroversion (see
Appendix). Thus, a high pelvic tilt can “hide” a larger spinal
deformity when only the sagittal vertical axis is considered.
Lafage et al. showed that the pelvic tilt must be considered in
tandem with the sagittal vertical axis to capture patients with
sagittal spinal deformity without a large sagittal vertical axis
because of pelvic compensation4.

In severe sagittal spinal deformities, knee flexion is an-
other compensatory mechanism to affect the magnitude of
sagittal vertical axis by allowing for greater pelvic retroversion to
bring the head back over the hips and ankles, effectively de-
creasing the sagittal vertical axis12-14. To eliminate the effect of this
compensation, it has been suggested that spinopelvic radio-
graphs of patients should be made with the knees extended, a
position that may be difficult for patients with a severe deformity
to maintain13. By contrast, since the T1 pelvic angle is not sim-
ilarly diminished by pelvic retroversion or knee flexion, patients
can stand for the spinopelvic radiograph in a position of comfort
tomaintain horizontal gazewithout concern that the deformities
will be underestimated by such compensatory mechanisms.
Moreover, the T1 pelvic angle is less affected by patient support
in standing. Patients who cannot otherwise stand without any
support render measures such as the sagittal vertical axis and
pelvic tilt irrelevant because these parameters require the patient
to be freestanding. For example, the patient who leans against a
walker will have a higher sagittal vertical axis and artificially
lower pelvic tilt than expected. In patients who are completely
unable to stand, the T1 pelvic angle can be measured in the
sitting position, which is not possible for the sagittal vertical axis
or pelvic tilt. Finally, since the T1 pelvic angle measurement does
not require a radiograph in the standing, unsupported position,
it may prove to be a useful measurement on an intraoperative
radiograph made with the patient prone to gauge the adequacy
of deformity correction. However, additional studies on the
applicability of intraoperative T1 pelvic anglemeasurements and
how they relate to the postoperative standing measurements are
necessary to gauge its utility in this setting.

Although our investigation is based on prospectively col-
lected data, the primary limitation of the present study is the
retrospective design. Moreover, only baseline radiographic and
health-related quality-of-life data were analyzed as an intro-
duction to the concept of the T1 pelvic angle. Additional studies
with long-term follow-up should be undertaken to analyze the
effect of postoperative deformity correction on the T1 pelvic
angle parameter as it relates to improvement in health-related
quality of life. The strengths of the study include the multicenter
design and the use of multiple validated measures of health-
related quality of life. Furthermore, all radiographic measures
were performed at a single center with extensive experience in
image analysis to minimize measurement variation.

In conclusion, we introduce a novel global angular
measure of sagittal spinal deformity, the T1 pelvic angle,
which correlates with validated health measures. Since it is an
angular measure that is not diminished by many postural
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compensatory mechanisms, the T1 pelvic angle has advan-
tages over established measures of sagittal deformity. Spino-
pelvic measures such as the T1 pelvic angle can be utilized to
analyze the contribution of local or regional deformities on
global spinal alignment30. Our linear regression analysis
demonstrated that a T1 pelvic angle of 14� correlated to an
ODI of 20 points, which is a value of minimal disability; thus,
the T1 pelvic angle can be utilized as a perioperative tool to
gauge the adequacy of global sagittal correction with a target
T1 pelvic angle of <14�.

Appendix
A figure showing the percentage of patients classified
according to the severity of sagittal deformity modifiers in

the SRS-Schwab classification system is available with the on-
line version of this article as a data supplement at jbjs.org. n
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