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The Importance of Spino-Pelvic Balance in L5–S1
Developmental Spondylolisthesis
A Review of Pertinent Radiologic Measurements
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Study Design. A review article.
Objectives. The purpose of this article is to review

pertinent radiologic measurements for the evaluation of
spino-pelvic balance in developmental spondylolisthesis,
based on the experience of the Spinal Deformity Study
Group.

Summary of Background Data. Over the past decade,
pelvic morphology has been shown to significantly influ-
ence spino-pelvic balance of the human trunk in normal
and pathologic conditions. This finding has important im-
plications for the evaluation and treatment of develop-
mental spondylolisthesis and has fostered a renewed in-
terest in the radiologic evaluation of spino-pelvic balance
in this condition.

Methods. The lateral standing radiographs of the
spine and pelvis of subjects with developmental L5–S1
spondylolisthesis were analyzed with a dedicated soft-
ware allowing the calculation of the following parame-
ters: pelvic incidence, sacral slope, pelvic tilt, L5 incidence
angle, lumbosacral angle, lumbar lordosis, thoracic ky-
phosis, and grade of spondylolisthesis. All measurements
were done by the same individual and compared to those
of an adult and child reference population.

Results. The pelvic shape, best quantified by the pelvic
incidence angle, determines the position of the sacral
endplate. The spine reacts to this position by adapting
through lumbar lordosis, the amount of lordosis increas-
ing as the sacral slope increases in order to balance the
trunk in the upright position. Pelvic incidence, sacral
slope, pelvic tilt, and lumbar lordosis are found to be
significantly greater in subjects with developmental spon-
dylolisthesis, while thoracic kyphosis is significantly

lower when compared to a reference population. Further-
more, the differences between the two populations in-
crease in a direct linear fashion as the severity of the
spondylolisthesis increases, suggesting that pelvic anat-
omy has a direct influence on the development of a spon-
dylolisthesis. Studies also indicate that pelvic incidence is
unaffected by surgical reduction and instrumentation. Pel-
vic tilt, sacral slope, and thoracic kyphosis are slightly
affected, while grade, L5 incidence angle, lumbosacral
angle, and shape of the lumbar spine are significantly
improved after surgery. A postoperative improvement in
L5 incidence angle and lumbosacral angle appears corre-
lated with a better outcome while subjects with a poor
outcome have a higher preoperative grade.

Conclusions. Spino-pelvic balance in the sagittal plane
can be considered as an open linear chain linking the
head to the pelvis where the shape and orientation of
each successive anatomic segment are closely related
and influence the adjacent segment. Pelvic morphology
and spino-pelvic balance are abnormal in developmental
spondylolisthesis. These abnormalities should be quanti-
fied on lateral standing radiographs of the spine and pel-
vis and have important implications for the evaluation
and treatment of this pathologic condition.
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In the sagittal plane, the posture of a human standing
subject can be viewed as a set of mutually articulating
body sections: the head is balanced on the trunk by the
cervical spine, the trunk articulates on the pelvis which,
in turn, articulates with the lower limbs at the hip joints,
in order to maintain a stable posture and to expend a
minimum of energy. This stable association is disturbed
in spondylolisthesis. Much has been written on this con-
dition since the original description of the disease by the
Belgian obstetrician Herbinaux in 1782. Marchetti and
Bartolozzi1 have proposed a classification system into
two major groups, developmental or acquired. L5–S1
developmental spondylolisthesis is divided into high dys-
plastic and low dysplastic, and encompasses Types I and
II of Wiltse’s classification.2 Each of these two types can
be further subdivided to include lysis or elongation of the
pars. Numerous radiologic measurements to quantify
the abnormal anatomic association between L5 and S1
have already been proposed, but unfortunately, none of
these measurements has been very reliable to predict the
outcome. More recently, pelvic morphology has been
shown to significantly influence spino-pelvic balance of
the human trunk in normal and pathologic conditions.
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This finding has important implications for the evalua-
tion and treatment of spondylolisthesis and has fostered
a renewed interest in the radiologic evaluation of spino-
pelvic balance in this condition. The purpose of this ar-
ticle is to review the experience of the Spinal Deformity
Study Group on this subject and to emphasize the most
pertinent radiologic measurements of sagittal spino-
pelvic balance for the evaluation of L5-S1 developmental
spondylolisthesis.

Pertinent Radiologic Measurements

Different parameters have been used to describe pelvic
morphology based on standing lateral radiographs.
Some of these morphologic parameters are specific to
each individual and unaffected by the three-dimensional
orientation of the pelvis. During et al3 defined the pelvi-
sacral angle (PSA), which represents the angle between a
line tangent to the sacral endplate and the line through
the center of the hip joints and the middle of the sacral
endplate. Subsequently, Duval-Beaupère et al4,5 intro-
duced the pelvic incidence (PI) angle, which is the com-
plement angle to the pelvisacral angle. In French, the
term incidence is used in radiology to describe the posi-
tion of a subject with respect to the radiograph beam, PI
thus indicating a radiologic measurement of the pelvis.
Jackson et al6 later suggested the measurement of the
pelvic radius angle (PRA) to assess pelvic morphology.
The PRA, PSA, and PI are very similar and are equally
good methods to assess pelvic morphology. Recently,
Jackson et al7 found the intraobserver and interobserver
reliabilities to be similar for all three measurement tech-
niques. PI is a fundamental pelvic anatomic parameter
that is specific and constant for each individual and de-
termines pelvic orientation as well as the size of lumbar
lordosis (LL). PI remains relatively constant during child-
hood.8 Thereafter, it increases significantly during ado-
lescence until reaching its maximum and thereafter con-
stant value in adulthood.9,10 PI is defined as the angle
between a line perpendicular to the sacral plate and a line
joining the sacral plate to the center of the axis of the
femoral heads (Figure1). It is important to understand
that PI as well as PRA and PSA are descriptors of pelvic
morphology and not of pelvic orientation: therefore,
their angular value is unaffected by changes in human
posture and will remain the same whether a subject is
standing, sitting, or lying down, with the assumption
that there is no significant motion occurring at the sac-
roiliac joints. In contrast, the pelvic tilt (PT) and the
sacral slope (SS) are position dependent variables, and
are very useful to characterize the spatial orientation of
the pelvis. SS is defined as the angle between the sacral
endplate and the horizontal line (Figure 2), while PT is
defined as the angle between the vertical line and the line
joining the middle of the sacral endplate and the axis of
the femoral heads (Figure 3). Because they are measured
with respect to the horizontal and to the vertical, respec-
tively, SS and PT describe the orientation of the pelvis in
the sagittal plane and not its morphology. PI, SS, and PT

are particularly useful because it can be demonstrated
that PI is the arithmetic sum of the sacral slope (SS) �
pelvic tilt (PT), the two position-dependent variables that
determine pelvic orientation in the sagittal plane (Figure
4). Because of this mathematical association between PI,
SS, and PT, the morphology of the pelvis, as quantified
by PI, is therefore a strong determinant of the spatial
orientation of the pelvis in the standing position: the
greater PI, the greater has to be SS, PT, or both.

More recently, Inoue et al10a have described the sacral
table angle (STA), as documented in more detail in the
article by Whitesides et al in the current issue. This angle
is another useful anatomic descriptor of morphology
that is also unaffected by orientation, but it specifically
describes the morphology of the sacrum rather than the
global morphology of the pelvic unit, which includes the
position of the sacrum within the pelvis, such as with PI,
PRA, or PSA. These measurements are logically interre-
lated, but the correlation between STA and pelvic mor-

Figure 1. Pelvic incidence (PI) is defined as an angle subtended
by line oa, which is drawn from the center of the femoral head to
the midpoint of the sacral endplate and a line perpendicular to the
center of the sacral endplate (a). The sacral endplate is defined by
the line segment bc constructed between the posterior superior
corner of the sacrum and the anterior tip of the S1 endplate at the
sacral promontory. For the case when the femoral heads are not
superimposed, the center of each femoral head is marked, and a
connecting line segment will connect the centers of the femoral
heads. The pelvic radius will be drawn from the center of this line
to the center of the sacral endplate.
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phologic descriptors, and between STA and pelvic orien-
tation, has not yet been studied. Whitesides et al present
evidence suggesting that STA may be involved in the
etiology of spondylolisthesis in certain genetically dis-
tinct populations.

The Spinal Deformity Study Group (SDSG), an inter-
national regroupment of spinal surgeons for the study of
spinal deformities, has identified developmental spon-
dylolisthesis as one of its areas of interest in clinical re-
search. Over the past 4 years, a clinical and radiologic
database of patients with developmental spondylolisthe-
sis and of a genetically mixed reference child, adolescent,
and adult population has been created and constitutes
the basis of this review.10–16,18,19 A similar radiologic
protocol was used at all participating institutions, with a
30 � 90 cm lateral radiograph obtained, with each sub-
ject in a comfortable standing position and the knees
fully extended. Digital radiographs were available at one
institution, while standard radiographs were obtained at
the other institutions and were subsequently digitized
using a VIDAR VXR8 radiograph film scanner. All ra-
diographs have been measured by the same experienced
individual using SagittalSpine (Optimage, Lyon, France),
a dedicated software to assess the sagittal alignment of

the spine and pelvis. This software has been described in
detail previously by Berthonnaud et al11 and allows fast
and accurate calculation of the sagittal spino-pelvic pa-
rameters by interactive digitization of various anatomic
landmarks of the spine and pelvis. The interobserver and
intraobserver variability of these measurements is � 1°
with an intraclass correlation coefficient between 0.92
and 0.99, as reported by Berthonnaud et al12 in a recent
study.

Vaz et al13 have studied and reported the association
and ranges of PI, PT, SS, LL, and thoracic kyphosis (TK)
in 100 young normal adult volunteers and have shown
that all these parameters are closely linked and balance
themselves, by muscular activity, to maintain the global
axis of gravity over the femoral heads. The pelvic shape,
best quantified by the PI angle, determines the position of
the sacral end. The spine reacts to this position by adapt-
ing through LL, the amount of lordosis increasing as the
SS increases to balance the trunk in the upright position
(Figure 5A). Berthonnaud et al,14 in a review of 160
normal adult volunteers, have shown that the pelvis and
spine in the sagittal plane can be considered as a linear
chain linking the head to the pelvis where the shape and

Figure 2. Sacral slope (SS) is defined as the angle subtended by
a horizontal reference line (HRL) and the sacral endplate line (bc).

Figure 3. Pelvic tilt (PT) is defined as the angle subtended by a
vertical reference line (VRL) originating from the center of the
femoral head (o) and the pelvic radius (oa). It is positive when the
hip axis lies in front of the middle of the sacral endplate.
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orientation of each anatomic segment are closely related
and influence the adjacent segment, to maintain a stable
posture with a minimum of energy expenditure. Changes
in shape or orientation at one level will have a direct
influence on the adjacent segment. Knowledge of these
normal relationships is of prime importance for the com-
prehension of sagittal balance in normal and pathologic
conditions of the spine and pelvis. Mac-Thiong et al10,15

have reported similar results in a reference population of
180 subjects 4 to 18 years of age.

An association between PI and spondylolisthesis has
been reported in many publications.16,20–22 These au-
thors have all have noted a greater PI and SS and postu-
lated that this increased PI could predispose to spon-
dylolisthesis. In a recent study of the Spinal Deformity
Study Group (SDSG),16 PI, SS, PT, and LL were found to
be significantly greater in 214 subjects with developmen-
tal spondylolisthesis, while TK was significantly lower
when compared to the reference population (Table 1). PI
had a direct linear correlation with SS, PT, and LL. Fur-
thermore, the differences between the two populations
increased in a direct linear fashion as the severity of the
spondylolisthesis increased, suggesting that pelvic anat-
omy has a direct influence on the development of a spon-
dylolisthesis. Unfortunately, Huang et al17 have been un-
able to demonstrate any predictive value of PI for the
progression of spondylolisthesis, in a recent retrospective
study of 36 patients. They have, however, confirmed that
slip percentage and high-grade slips remain the most pos-
itive predictors of progression.

Roussouly et al18 were the first to propose the mea-
surement of L5 incidence angle (L5I) as a useful measure-
ment for the evaluation of postoperative changes in high-
grade isthmic spondylolisthesis. They reported
significant improvements in L5I, SS, LL, and grade after
surgery. L5I is measured in a similar manner as PI and is
defined as the angle between a line joining the center of
the upper endplate of L5 to the axis of the femoral heads
and a line perpendicular to the upper endplate of L5
(Figure 6). L5I is perhaps not the ideal term to describe
this angle since it is position-dependent, varying con-
stantly as the LL accommodates changes in posture.
However, after surgery for spondylolisthesis, the L5 ver-
tebra is fused to the sacrum and becomes an integral part
of the pelvis: in this condition, L5I becomes a fixed mor-
phologic anatomic parameter similar to PI. In a recent
multicenter retrospective study, Labelle et al19 have at-
tempted to correlate radiologic measurements with clin-
ical outcome after surgery in high-grade developmental
spondylolisthesis. They report 66 patients with an aver-
age follow-up period of 1.9 years, ranging from 1 to 5
years. The majority (n � 60) of patients were treated by
an one-stage surgical attempt at reduction with posterior
instrumentation using bilateral contoured rods, pedicles,
and sacral screws with autogenous posterolateral bone
graft fusion, and an interbody fusion with a cage or graft
in 5 cases. In 7 cases, the fusion and instrumentation
were limited to L5–S1; while in the others, it was carried
up to L4. The clinical outcome of surgery was rated as
good, fair, or poor by each surgeon at last follow-up. It

Figure 4. A, the association be-
tween PI, SS, and PT. PI, which
describes the shape of the pelvic
unit, is linked to the orientation
(SS and PT) of the pelvis in space
since it can be demonstrated
that PI � SS � PT. Depending on
the shape and orientation of the
sacropelvic foundation, the lum-
bosacral junction will experience
a different combination of normal
and shear forces. B, the “geo-
metric proof” demonstrates the
mathematical association of PI,
PT, and SS, where a change in
one parameter affects the other
measurements and the overall
alignment of the sacropelvic
foundation.
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was found that PI is unaffected by surgery. PT, SS, and
TK were slightly affected, while grade, L5I, lumbosacral
angle or slip angle (LSA, Figure 7), and shape of the
lumbar spine were significantly improved after surgery.
In this study, a postoperative improvement in L5I and
slip angle was correlated with a better outcome while
subjects with a poor outcome had a higher preoperative
grade. These results suggest that pelvic morphology (PI)
is unchanged after surgery but that spinal shape and spi-
nal balance (LL, L5I, LSA) are significantly improved

and associated with a better outcome. The key to a suc-
cessful outcome after surgery appears to be the reposi-
tioning of L5 over S1 as measured by L5I and LSA, rather
than correction of the grade.

The PI angle remains constant after adolescence in
normal subjects, but it may be altered by any pathologic
process that can modify the shape of the sacrum or the
position of the acetabula within the pelvis. Such a con-
dition can be encountered in developmental spondylolis-
thesis, where doming of the sacral endplate and anterior
lipping of S1 are morphologic changes that may be seen
in high-grade slips. These changes make it difficult to
perform precise geometric measurements involving the
S1 endplate. For subjects with remodeling changes in the
sacrum, specific measurements need to be made (Figure
8): a best fit line is drawn along the posterior border and
along the anterior border of the sacrum. A third line is
then drawn between the two tangent points where these
lines lose contact with the anterior and posterior border
of S1. This third line is then considered as the sacral
endplate from which the measurements of PI, PT, and SS
can be made and from which the height of the sacral
dome can be determined. A sacrum is considered domed

Figure 5. Illustrative cases of
two normal adult individuals and
one subject with spondyloptosis:
the normal subject on the left has
a pelvic incidence angle within
normal limits, while the normal
subject in the middle has a PI
value above normal. The subject
on the right has a developmental
spondyloptosis. It can be clearly
seen that the normal spine ad-
justs to pelvic morphology: the
greater the PI, the greater will be
SS and/or PT, and consequently,
the greater will be the lumbar
lordosis and thoracic kyphosis as
the spine adjusts to maintain a
stable posture. Spino-pelvic bal-
ance is clearly disrupted in high-
grade spondylolisthesis: the high
PI cannot be compensated by
the lumbar lordosis when the
body of L5 slips forward, as evi-
denced by the increased IL5 and
LSA. The body attempts to com-
pensate by pelvic retroversion
(high PT) and by flexing the hips,
but the entire spine remains de-
compensated and “tilted” for-
ward (high LL and low TK).

Table 1. Variables in Normal Young Adult Volunteers
and Study Participants With Developmental
Spondylolisthesis

Variable
Normals

(n � 160)
Spondylolisthesis

(n � 214)

PI 51.8 � 5.3 71.6 � 7.7
SS 39.7 � 4.1 49.4 � 5.9
PT 12.1 � 3.2 22.2 � 6.3
LL 42.7 � 5.4 66 � 8.7
TK 47.5 � 4.8 38.9 � 6.3

Values are mean � SD.
Data from Labelle et al.19
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when the height of the sacral dome is greater than 10%
of the length of the sacral endplate.

Is sacral “doming” a primary or secondary event?
How important is sacropelvic morphology in the devel-
opment of a spondylolisthesis? The answer to these ques-
tions is not known with certainty, but based on our ex-
perience and on the data available in the literature, we
think that pelvic and sacral morphology (PI, PRA, PSA,
and STA) is not the cause but rather a predisposing factor
contributing to the development of a spondylolisthesis.
The pelvic shape, best quantified by the PI angle, deter-
mines the position of the sacral end within the pelvic
unit. In normal individuals, the spine reacts to this posi-
tion by adapting through LL, the amount of lordosis
increasing as the SS increases to balance the trunk in the
upright position (Figure 5A). Depending on the shape
and orientation of the sacropelvic foundation, the lum-
bosacral junction will experience a different combination
of normal and shear forces which, combined to L5–S1

dysplastic changes, create asymmetric forces on the up-
per sacral growth plate and subsequent doming of the
sacrum with slipping of the L5 vertebral body. Spino-
pelvic balance is clearly disrupted in high-grade spon-
dylolisthesis: the high PI cannot be further compensated
by an already high LL when the body of L5 slips forward.
The body attempts to compensate by increasing pelvic ret-
roversion and by flexing the hips, but the entire spine re-
mains decompensated and “tilted” forward (Figure 5B).

Conclusion

Spino-pelvic balance in the sagittal plane can be consid-
ered as an open linear chain linking the head to the pelvis
where the shape and orientation of each successive ana-
tomic segment are closely related and influence the adja-
cent segment. PI, SS, PT, L5I, LL, and TK are closely
linked and balance themselves, by muscular activity, to
maintain the global axis of gravity over the femoral
heads. The pelvic shape, best quantified by PI, is a strong
determinant of LL and spinal shape. Pelvic morphology

Figure 6. The L5 incidence angle (L5I) is measured in a similar
manner as pelvic incidence. However, unlike pelvic incidence,
which is a fixed anatomic association between the sacrum and the
acetabulum, the L5 incidence angle is subject to change, being
influenced by the position in space of the mobile L5 vertebra. It is
defined as the angle subtended between the L5 radius (od) and a
line perpendicular to the superior L5 endplate (ef) drawn from its
center (d).

Figure 7. The lumbosacral angle (LSA) is defined as the angle
subtended by the S1 endplate line (bc) and the inferior endplate of
L5. In high-grade spondylolisthesis with doming of the sacrum
and/or wedging of L5, the lumbosacral angle is defined as the
angle subtended by the sacral endplate as defined in Figure 8 and
the top of the vertebral body. The LSA is similar to the slip angle
described by Boxall.23
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and spino-pelvic balance are abnormal in developmental
spondylolisthesis. These abnormalities should be quan-
tified on lateral standing radiographs of the spine and
pelvis and have important implications for the evalua-
tion and treatment of this pathologic condition.

Key Points

● The pelvic shape, best quantified by pelvic inci-
dence, determines the position of the sacral end-
plate.
● The spine adapts to pelvic morphology through
lumbar lordosis.
● Pelvic morphology and spino-pelvic balance are
abnormal in developmental spondylolisthesis
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