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KEY POINTS

� The spine and pelvis have robust compensatory mechanisms to achieve a globally well-aligned
spine (center of mass over pelvis, horizontal eye gaze) to allow for minimum energy expenditure.

� Pelvic incidence is a morphometric parameter and is both constant and dictates the amount of
lumbar lordosis needed to achieve a globally aligned spine.

� Pelvic tilt and sacral slope are compensatory mechanisms that reflect pelvic rotation in space
(sagittal) and reflect efforts to maintain global alignment in the setting of spinal deformity.

� Pelvic parameters play a critical role in heath-related quality of life outcome measures and must be
accounted for when planning spinal surgery.

� Underappreciation of the compensatory mechanisms in the pelvis may lead surgeons to poor
surgical planning and corresponding poor clinical outcomes.
INTRODUCTION

Adult spinal deformity is a broad category that
encompasses a diverse group of spinal malalign-
ment patterns. The range of diseases extends
from simple biplanar deformity to a more complex
three-dimensional deformity with significant loss
of coronal and sagittal alignment. With an aging
population, the prevalence of adult spinal defor-
mity is increasing in the United States and may
be approaching rates as high as 70% among
elderly individuals.1 Although most patients are
able to tolerate mild to moderate deformities
without significant dysfunction, there is a subset
of patients who experience significant back pain,
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root compression, and loss of acceptable standing
global alignment.2 Whereas historically, treatment
focused on scoliosis correction and coronal plane
deformity, more recent data have shown the
impact of the sagittal plane, and lumbopelvic
parameters on health-related quality of life
(HRQoL).3–6 These parameters are therefore crit-
ical to understand and integrate for successful
surgical planning in the setting of adult spinal
deformity.3,4,7,8

CONE OF ECONOMY

The ability to maintain an upright posture and hori-
zontal eye gaze is fundamental to normal activities
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of daily living. Spinal deformity creates suboptimal
spinal alignment, and may result in increased
energy requirements to maintain appropriate
posture and balance. The spine is not the only
structure that is involved in the standing axis,
and any analysis that attempts to understand
global alignment must involve the pelvis and lower
extremities.9–15 Dubousset16 was the first surgeon
to consider the pelvis as a critical structure in the
setting of global alignment and introduced the
concept of a cone of economy (Fig. 1). The cone
is defined as originating from the feet and pro-
jected upwards to define the range of mobility
that the body can achieve with a minimum of
energy expenditure, without external support. If
the spinal alignment is ideal, the patient is able to
maintain an upright posture in the zone of
economy and allow for painless upright posture
at rest and during motion.9 If the body is forced
out of this cone (spinal deformity), the energy
expenditure increases with the need for compen-
satory mechanisms (ie, bending of the knee, or
pelvic retroversion). The patient may require assis-
tive devices if internal compensation is insufficient
Fig. 1. Cone of economy defined as originating from
the feet and projected upwards to define the range of
mobility that the body can achieve with a minimum of
energy expenditure, without external support. H, Head;
P-L, Pelvic Level; and P-S, Polygon of Sustentation.
(From Dubousset J. Three-dimensional analysis of the
scoliotic deformity. In: Weinstein SL (ed): The Pediatric
Spine: Principles and Practice. New York: Raven Press,
1994; with permission.)
or requires excessive energy.16 The degree of
global alignment can be determined by radio-
graphic parameters that assess the patient in
a static position. Such an approach allows the
physician to determine where the trunk is in rela-
tion to the pelvis and to determine some of the
compensatory mechanisms that are being used.
For optimal radiographic analysis, it is essential
that patients stand upright in a free-standing posi-
tion17 and then 91.44-cm (36-in) cassette films are
obtained in both the coronal and sagittal planes.
SAGITTAL VERTICAL AXIS

Global spinal alignment is most often assessed by
determining the sagittal vertical axis (SVA). The
SVA is determined by measuring the horizontal
distance from the C7 plumb line and the posterior
superior aspect of the S1 vertebral body (Fig. 2).
Positive and negative values are defined depend-
ing whether the C7 plumb line falls anterior or
posterior, respectively. Normative values have
been established as being less then 5 cm. The
C7 plumb serves as a surrogate for where the
Fig. 2. Sagittal spinal parameters. The SVA is deter-
mined by measuring the horizontal distance from
the C7 plumb line and the posterior superior aspect
of the S1 vertebral body. Lumbar lordosis is measured
from the superior end plate of L1 to the superior end
plate of S1. Thoracic kyphosis can be determined by
measuring the angle of the thoracic spine from the
superior vertebral end plate of T2 and the inferior
end plate of T12.



Fig. 3. Pelvic parameters. PI is described as an angle
subtended by a line that is drawn from the center of
the femoral heads to the midpoint of the sacral end
plate and a line perpendicular to the center of the
sacral end plate. PT is defined as the angle created
by a line from the midpoint of the sacral end plate
to the center femoral heads and a vertical plumb
line. The sacral slope is the angle between the supe-
rior sacral end plate and a horizontal reference line.
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head falls in space but ignores the cervical align-
ment. Similarly, the S1 vertebral body serves as
a surrogate for where the feet are in space but
ignores the contribution of the foot, knees, hips,
and pelvis. Although this global assessment gives
the surgeon a general idea of the global sagittal
deformity, it underappreciates the role of the pelvis
and compensatory mechanisms used.

SPINAL ALIGNMENT

Global spinal alignment may be subdivided into its
component parts, namely the thoracic kyphosis
(TK) and lumbar lordosis (LL). LL is measured
from the superior end plate of L1 to the superior
end plate of S1 and plays an important role inmain-
tenance of upright posture (see Fig. 2).14 Norma-
tive values of 40� to 60� have been described in
the adult population; however, that number seems
to decrease with aging. Decreasing lordosis or flat-
back deformity has been associated with inability
to maintain spinal balance, and resultant pain and
disability.18 In addition, TK can be determined by
measuring the angle of the thoracic spine from
the superior vertebral end plate of T2 and the infe-
rior end plate of T12. TK also increases with age
and influences global spinal alignment.

THE PELVIS

The pelvis is the base of the spine. Its morphology
determines the foundation on to which the spine is
seated. Although the morphology is relatively con-
stant in adulthood, the mobile spine may adapt to
the sacral position, adjusting the degree of curva-
ture to achieve a mechanically efficient posture.19

In order for the body to achieve an efficient upright
posture, the spine must be in harmony with the
pelvis. This harmony has been coined the spinopel-
vic alignment20 to describe the synergistic relation-
ship between pelvic morphology and spinal
curvature. To understand the spinopelvic align-
ment, it is critical to understand the static morpho-
metric pelvic parameters (pelvic incidence [PI])
and the dynamic parameters (sacral slope [SS],
pelvic tilt [PT]), and how these interact with spinal
regional curvatures (LL, TK).

PI

PI is defined as the angle subtendedby a line drawn
between the center of the femoral heads and the
sacral end plate and a line drawn perpendicular
to the sacral end plate (Fig. 3).21 This angle repre-
sents the sacral relationship to the acetabulum
and assumes limited motion through the sacroiliac
joints. PI normative values of 50 to 55 are typically
found; however, the individual reported range
may vary substantially from 28 to 84.6 PI is there-
fore a static morphologic parameter that is consis-
tent throughout a patient’s life time, with only slight
changes that occur during growth.22 After this time,
PI is a fixed parameter (minimal sacroiliac motion),
which reliably reproduces the relationship of the
sacrum to the pelvis.22 The constant PI has
a profound effect on the spinal parameters. With
a large PI, the sacrum is more vertical and thus
requires a larger LL to maintain proper global
sagittal alignment of the trunk. Conversely, with
a low PI, the more horizontal sacrum requires
a smaller LL to achieve a balanced posture.
Schwab and colleagues14 reported on the role of
PI in determining the degree of LL and developed
a formula, based on the work of Boulay and
colleagues,23 in which ideal LL 5 PI 1 9� (�9�).

PT

PT is defined as the angle created by a line from
the midpoint of the sacral end plate to the center
femoral heads and a vertical plumb line (see
Fig. 3).4 This is a dynamic pelvic parameter, which
can increase or decrease through rotation about
the hip axis and can also change over time.4,14

With age, the hip joints may become arthritic,
and thereby lose range of motion, most notably
the ability to recruit hip extension in the setting of
spinal deformity. This situation may in turn limit
the ability for a patient to augment pelvic retrover-
sion (PT). In addition, as individuals age, the LL
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may decrease because of disk settling, adding the
need to increase PT to maintain global alignment.
Increasing PT retroverts the pelvis and requires hip
extension and has limitations. As the PT increases,
it represents a compensatory mechanism that
requires both effort and energy. Schwab and
colleagues14 found a significant correlation
between HRQoL outcome measures and PT.
With increasing PT, HRQoL deteriorates, and an
ideal pelvis version (surgical goal) of PT of less
than 20� has been established.6 Normative values
may range from –5� to 30�, with a mean of 11� to
15�. However; unlike PI, PT changes with aging
and has been found to increase, because of lost
lordosis and increasing TK, reflecting the recruit-
ment of a compensatory mechanism.22
SS

SS is defined as the angle created by a line drawn
parallel to the end plate of the sacrum to a hori-
zontal reference line (see Fig. 3).24 By performing
simple geometry, PI is defined as the sum of PT
and SS (PI 5 PT 1 SS).4,6,8,9,24 According to the
formula, as PT increases (pelvic retroversion), the
SS decreases and the sacral end plate becomes
more horizontal.14
SPINOPELVIC ALIGNMENT

Historically, the focus of surgical treatment of scoli-
osis has been on the coronal alignment and less
on the sagittal parameters. However, several
studies3,6,25 have shown that proper sagittal align-
ment is the single most important factor that deter-
mines the outcome for adults undergoing spinal
deformity surgery. Patients with spinal deformity
and undercorrected sagittal alignment with de-
creased LL have significantly worse HRQoL scores
for physical and social function, self-image, and
pain.3 Several recent studies10,11,13,26,27 have
emphasized the relevance of LL andcorresponding
influence of pelvic parameters on the standing
alignment in normal adults and children.
The pelvis exerts significant influence on the

spine, and vice versa PI determines the optimal
LL, and is different for each individual.13,22,24,28

Boulay and colleagues23 determined the optimal
LL to achieve a harmonious balance and created
a mathematical formula to predict the ideal LL for
a given PI. Compensatory mechanisms can allow
the pelvis to retrovert and increase the PT as the
LL decreases, and in so doing, achieve a globally
aligned trunk. However, this abnormal PT is often
a marker of disability and underlying spinal mala-
lignment and underscores the importance of the
pelvis in determining overall alignment.12
SURGICAL PLANNING

Understanding and measuring the global spinal
parameters, as well as the regional specific param-
eters, allows the surgeon to plan more effectively
when determining the amount of correction neces-
sary to achieve a good outcome. A high PT indi-
cates pelvic retroversion, which is caused by an
attempt to compensate for decreased LL.14

Correction of deformity requires correction of not
only the LL but must do so in the context of under-
standing the impact on PT. Failure to recognize an
elevated PT leads to a fixed deformity, with inade-
quate correction and persistent clinical symptoms
of global sagittal malalignment.9 The optimal
surgical goal should be to return the PT to
a more physiologically normal value of less than
20�.6 Proper version of the pelvis allows for more
efficient standing and locomotion. Restoration
of PT independently correlates with walking
tolerance.4,14,29

Recently, a new classification system has been
developed for adult deformity, the Scoliosis
Research Society (SRS)-Schwab classification,
which incorporates spinal and pelvic parameters
with high interobserver and intraobserver reliability
and is useful for classifying patients.30 This classi-
fication system groups patients by their primary
deformity and uses SVA, PT, and PI-LL mismatch
as modifiers. Recent unpublished data from Smith
and colleagues31 evaluated 341 patients with adult
deformity and assessed their improvement in spi-
nopelvic parameters using the SRS-Schwab clas-
sification at 1 year. These investigators found
significant correlation with improvement in PT or
PI-LL modifiers with HRQoL outcomes. Schwab
and colleagues5 found that failure to achieve
successful realignment occurred most in patients
with large SVA, PT, PI, and greater mismatch.
This finding suggests that even for experienced
deformity surgeons, spinal realignment for sagittal
plane deformity requires meticulous analysis and
planning to customize treatment on a patient-
specific level.
SUMMARY

Many of the current sagittal plane radiographic
parameters (SVA, TK, LL) do not account for
compensatory mechanisms above and below the
measured segments. Compensation may occur
through the feet, knees, hips, pelvis, and cervical
spine to restore horizontal eye gaze and maintain
proper truncal posture. Excessive compensation
leads topainanddisability. Thepelvisplaysacritical
role in the maintenance of global spinal alignment.
Restoration of spinopelvic harmony allows the
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spine and pelvis to useminimal energy expenditure
to maintain the patient within the ideal zone of the
cone of economy. Matching the pelvic and spinal
parameters allows the surgeon to achieve a prop-
erly aligned spine. Apparently normal SVA is insuffi-
cient in assessing global spinal alignment, because
significant pelvic compensatory mechanisms can
be in recruitment. Themost relevant is thePT,which
increases to compensate for regional malalignment
in the lumbar or thoracic spine. Underappreciation
of the dynamic pelvic parameters (PT, SS) leads
to undercorrection of spinal deformity and poor
patient outcomes.
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