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Abstract

Sagittal alignment of lumbar spine (SALS) is the state of spine in sagittal plane. The spine is a single organ with multiple segments
of varying structure and function. These segments are interrelated and can be the cause and effect of malfunction of the other. In
addition, there is a significant role of pelvis and cranium in maintaining the global sagittal balance.

The lumbar spine plays a vital role in maintaining global sagittal balance because of several factors. Lumbar lordosis (LL) is one of
them which helps to distribute body weight evenly to maintain an upright position. In other words, by virtue of LL, human beings
can stand upright and walk with perfect balance. LL is basically a compensatory posture and any change in it beyond the normal limit
needs further compensation by other parts of the spine and pelvis in order to restore balance. This compensation occurs at the cost of
excessive stress in those other parts. Ultimately it can affect overall spinal alignment leading to loss of sagittal balance which in turn
results in series of clinical manifestations like chronic back pain and difficulty in walking, bending and standing.

There are various parameters which help to define a perfect SALS. Spinal surgeons should have a good understanding of these
parameters not only for the proper evaluation of any spinal problem but also for the appropriate planning of spinal surgery.
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Introduction

Sagittal alignment of lumbar spine (SALS) is the state of
spine in sagittal plane that involves balance between spine,
pelvis and cranium. The spine is a single organ from cervical to
sacral segments and, in addition, the cranium and pelvis act like
accessary functional units of spine. To achieve and maintain the
perfect sagittal alignment, which is called sagittal balance (SB),
there must be a well-controlled relationship and equilibrium
between cervical lordosis, thoracic kyphosis and lumbar
lordosis in addition to relative position of cranium and pelvis
so that a human body can be in upright position maintaining
its balance in any position and in motion." By maintaining
SALS paraspinal muscles have to contract minimally
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and thus do not get fatigued. If SALS is lost the muscles have
to work harder and spend more energy and easily get fatigued.'*
SALS is the most important factor for maintaining an upright
position of the body which is affected by numerous factors
namely spinal degeneration, musculoskeletal pathologies of
spine, normal anatomy and pathology of pelvis etc. There are
various parameters which help to define and determine SALS
in a human being. These parameters are altered due to the spinal
pathology leading to development of symptoms. Therefore,
surgical treatment should aim to restore these parameters in
addition to adequate decompression of the neural elements.**
While in upright position, may it be at rest or motion,
the body’s center-of-mass is centered at center of cranial mass
and hip axis (centers of femoral heads) and lower extremities.
Any condition that can change body’s center-of-mass can lead
to sagittal imbalance of spine and thus whole body. Murata et al
showed that SALS is maintained by the change in various spinal
sagittal parameters according to the position of body.” Trauma,
vertebral compression fracture, degenerative disc disease
(DDD), spine pathologies, iatrogenic factors like previous
surgical fusion etc. can lead to loss of SALS (sagittal imbalance)
and increased or decreased lordosis or kyphosis. SB depends
on many factors namely angle of pelvis and sacrum (pelvic
incidence), lumbar lordosis, thoracic kyphosis, cervical lordosis
which can be defined with the help of different parameters.”"*
The Pelvis is an important contributor to the maintenance of
SALS. When spine is flexible as in younger people, kyphosis or
lordosis is compensated by the upper and lower segments of the
spine by their counter movement in the opposite direction. But
when the spine gets more and more rigid due to age or any other
factors the only remaining compensatory mechanism is by the
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movement of the pelvis, anteriorly or posteriorly. Therefore,
pelvic parameters like pelvic tilt, sacral slope etc play equally
vital roles in the evaluation of SALSS 11 1418

Flat back syndrome, also called fixed sagittal imbalance
is an example of loss of SALS in which lumbar spine loses its
normal lordosis leading to loss of thoracic kyphosis and finally
straightening of the whole spine and spine appears straight. This
leads to additional stress on back muscles and thus chronic back
pain, inability to stand upright for longer periods and abnormal
posture leading to additional stress on the spine.> 3 821923

This article doesn't include anything about coronal
balance of lumbar spine, which means scoliosis, which is
a different spinal entity. In routine clinical practice sagittal
balance is more important in terms of function and clinical
symptoms related to spine. This article doesn't include details
about surgical procedures either. The objective of this article is
to define various parameters of SALS and to facilitate young
spinal surgeons understanding the relationship between them.

Parameters of SALS

C7 plumb line and sagittal vertical axis (SVA)

A line drawn vertically downward from the center of C7 in a
lateral view (LV) Xray of whole spine is called C7 plumb line
(Figure 1,Line AB).

Figure 1: Xray of whole spine and pelvis showing different
parameters, A=center point of C7, AB=plumb line from the
center of C7, C=superoposterior point of sarum, D=hip axis,
E=center point of superior sacral plate, EF=line on the surface
of SI endplate, EG=horizontal line, red dots=centers of two
femoral head, D=hip axis

SVA is the measurement of the perpendicular distance between
C7 plumb line and posterosuperior point of S1 endplate. It
measures how far the C7 plumb line deviates front or back
relative to the sacrum and indicates overall sagittal balance. It
is the most common measure of global sagittal alignment of
spine. In general, the central point of C7 vertebral body should
coincide with the posterosuperior point of S1 vertically and it
is said to be a neutral balance. Therefore, normal SVA should
be </=5cm This is considered to be a well-tolerable range for a
health-related quality of life. As people get older, they tend to
lean forward to tolerate a slightly wider range of positive SVA.
If the C7 plumb line is forward >5cm then the condition is called
positive sagittal imbalance, and if backward is called negative

imbalance of the spine. A SVA that is significantly greater, more
than 5 centimeters, indicates potential sagittal imbalance in the
spine. Previous studies have shown that even mildly positive
sagittal balance is harmful, and the severity of symptoms
increases in linear fashion with progressive sagittal imbalance.?"
2425 Spinal problems like central canal stenosis can lead to
sagittal imbalance especially positive SVA and can be corrected
by appropriate surgical procedures.* * 12

Lumbar lordosis (LL)

Lordosis is anormal forward curvature of the lumbar spine. When
there is excessive curvature of the lumbar spine anteriorly, ie more
convexity anteriorly, the condition is called lumbar hyperlordosis.
Even though the curvature is a normal part of the lumbar spine
and thus the whole spine, it can cause problems if excessive.
It occurs due to relatively weaker abdominal muscles in front
and strong contraction of paraspinal muscles and hamstrings on
the back. LL is basically a compensatory mechanism for other
abnormalities like sacral slope, thoracic kyphosis etc. When
there is lumbar hyperlordosis, the buttocks are pulled up, hips
move forward, pelvis tilt anteriorly and abdomen protrude. This
leads to low back pain and forward leaning posture. This further
leads to more kyphosis of the thoracic spine and loss of normal
lordosis of cervical spine as a compensatory mechanism which
in turn creates further abnormal spinal curvatures, more spinal
stress and degeneration and finally global sagittal imbalance of
spine and spinal instability.

LL is measured using the cobb angle method between
L1 and S1 in a LV Xray of lumbar spine (LS). The angle made
by the intersecting lines (Figure 2, Lines GH and KL) that are
perpendicular to the lines of superior endplate of L1 (Figure 2,
Line 1J) and endplate of S1 (Figure 2, Line AB)

Figure 2: Xray lateral view of lumbosacral spine including
pelvis and hip joints showing angles of various parameters,
AB=line of SI endplate, C=hip axis (center of femoral heads),
D=center of SI endplate, DC=line joining center of SI and
hip axis, EF=horizontal line, GH=perpendicular line to 1J,
IJ=superior endplate of LI, KL=perpendicular line to AB,
MN=perpendicular line to AB at its center point, CO=vertical
line, blue semicircles=two femoral heads
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represents LL. Normally LL has a wide range of angle and
roughly it is between 40° to 60°. Lower segments of the lumbar
spine play a major role in the development of LL. Of total LL,
more than two third, about 75%, occurs at L4-S1 and 50% occurs
at L5-S1.(26) Similarly, Pesenti et al found 62% of total lordosis
being contributed by L4-S1 segment while only 32% by L1-4
segment.(16) A lordotic angle of less than 23 degrees defines
hypolordosis and more than 68 degrees, hyperlordosis. (27)

Pelvic incidence (PI)

Pelvic incidence is the parameter used to understand
the relationship between spine and pelvis. More specifically, it
indicates the relationship between sacrum and femoral heads
and is key to understanding and determining SALS. It is also
called the angle of sacrum in relation to femoral heads.

It differs among individuals due to different pelvic
anatomy and shape and is considered a morphological feature
not affected by posture and external forces. In fact, PI is
regarded as a relatively fixed anatomical angle and remains
relatively unchanged in normal anatomy due to relatively
immobile sacroiliac joint while other parameters like “pelvic
tilt” and “sacral slope” change depending on posture and
position. Even though PI doesn't change significantly it appears
increased or decreased depending on posture. There can be
small variations in PI when changing pelvic position between
standing and sitting postures.'> 2% 2° These changes are usually
considered minimal and not clinically significant. However, PI
changes in various stages of life. PI increases with age when
a child starts walking.?> 2*3%3! In adolescence, PI increases in
the process of further development of walking till there is bone
maturity. When a person gets older there is further increase in
PI to accommodate with the spinal pathology. PI also changes
with spinal procedures like spinal fusion. PI also differs between
sexes and among different races.

It is calculated by measuring, in the LV Xray of LS and
pelvis, the angle between the line perpendicular to S1 endplate
(Figure 2, Line MN) at its midpoint and the one joining midpoint
of S1 endplate to the hip axis (center of femoral heads, taken as
a center point between the centers of two femoral heads) (Figure
2, Line DC). It is also called pelvisacral angle. Its normal value
is about 50°-55°. It is often used along with LL. The relationship
of these two parameters should be well maintained in order to
maintain the SALS. Sagittal imbalance, if there is, is corrected
by the changes in these parameters.

High PI occurs when there is more forward positioning
of hip joints (femoral heads) relative to the sacrum putting
increased stress on the lumbar spine, disc spaces and hip joints.
In other words, high PI indicates that the hip joints are positioned
more anteriorly leading to higher LL to maintain SALS which in
turn potentially increases risk for spondylolisthesis, facet joint
degeneration and DDD due to altered biomechanics of spine.
It eventually leads to chronic LBP and instability issues. It also
indirectly leads to forward posture as a compensatory mechanism.
Studies have shown that high PI can be associated with higher
prevalence of degenerative lumbar spondylolisthesis.?

Low PI occurs when there is more backward positioning
of hip joints relative to the sacrum. It signifies a smaller angle
between the sacrum and the pelvic inlet. It is associated with
decreased natural lumbar lordosis. Low PI means a reduced
ability to compensate for the sagittal balance which could lead to

a more posterior (backward) posture depending on other factors
like pelvic tilt and sacral slope.

Normally LL and PI are almost equal with a mismatch
of only about 10°. Pesenti et al found that PI had more influence
on proximal LL (L1-L4) rather than distal (L4-S1).'* Sometimes
the mismatch can exceed more than 10° due to loss of LL as a
result of degeneration or previous spinal surgery or any other
spinal pathology.'> 3> Excessive mismatches, > 10° can lead to
adjacent spine disease (ASD) after spinal fusion.

Pelvic tilt (PT)

Pelvic tilt is another vital parameter of measuring
SALS. It indicates the position of pelvis in relation to femoral
bones, lower limbs and rest of the body. It denotes the positional
orientation of the pelvis, which varies according to position in
relation to a transverse axis passing through the two femoral
heads. PT is measured by the angle made by a line, in a LV
Xray of LS including pelvis, joining the midpoint of S1 endplate
and hip axis (Figure 2, Line CD) and the one that is vertically
extended upward from the hip axis (Figure 2, Line CO).
Normally it is about 20°-25°. However, it can vary according to
posture of spine and position of patient. When the pelvis rotates
backward (retroversion), PT measurement increases, when the
pelvis rotates forward (anteversion), PT measurement decreases.
There is a triangular relationship between LL, PI and PT.
Abnormal PT can be anterior (APT), pelvic anteversion, or
posterior (PPT), pelvic retroversion. APT i.e. forward tilting
of the pelvis causes hip joints and sacrum to move backward
relative to pelvis leading to protrusion of buttocks. This causes
an unusually large degree of LL, a highly sloped sacrum, and a
relatively small PI due to relative position of pelvis with spine."
This is relatively a more common type of pelvic tilt. However,
prevalence of APT or PPT depends on the type of population.
Old people who have lost their LL tend to develop PPT. PPT
occurs when the pelvis is tilted backward and causes hip joints
and sacrum to move forward relative to the pelvis. Abnormal PT
can lead to chronic low back pain (LBP).?

Sacral slope (SS)

The sacral plateau acts as a base of the whole spine and
thus plays a vital role in spinal alignment and stability. Therefore,
SSactslikeafoundation for LL. PI,PTand SShaveawell-balanced

relationship with each other. It is measured by the angle made

by horizontal line (Figure 2, Line EF) with the line of S1
endplate (Figure 2, Line AB) in a LV Xray of LS. Degree of
SS determines the position of lumbar spine. Studies have shown
that higher SS can lead to increased movement at L5-S1 and
increased contact stress on hip joints and sacroiliac joints.(33)
Therefore, high SS results in higher LL. In general PI=PT+SS,
therefore if PI is 50°, then SS is 35° and SS is 15°. Ideally, the
value for SS should exceed 50% of PI. The minimal value of SS
is 0° and in pathology, SS never reaches a negative position, less
than 0°, which is the horizontal sacral plate. Both high SS and
high PT can lead to high LL. Therefore, high SS and high LL
have negative impact on intervertebral disc as well. Studies have
shown that spinal integrity and function are well correlated with
pelvic morphology.'®** Studies have also shown that high SS, PT
and LL present a higher risk of developing spondylolisthesis.**
3 Therefore, LL, PI, PT and SS all are related and coordinated
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with each other so that SALS can be well-maintained.

Thoracolumbar kyphosis (TLK)

There is a forward curvature of thoracic spine in
a normal state which is called thoracic kyphosis. However,
kyphosis can be excessive in certain situations and lead to
the symptoms of chronic back pain, stiffness and humpback
appearance, forward bending posture and its late complications
like breathing problems. Abnormal posture, spinal degeneration
and osteoporosis are the most common causes. Usually,
thoracolumbar junction is regarded as a segment between T10
and L2 and thus TLK is measured using the Cobb angle method
between the superior endplate of T10 and inferior endplate of
L.2.3536 To measure thoracolumbar kyphosis, the vertebral bodies
of T10 and L2 on a LV Xray are identified, then lines along the
superior endplate of T10 (Figure 1, Line JK) and the inferior
endplate of L2 (Figure 1, Line HI) are drawn, the angle made by
the lines perpendicular to above mentioned lines represents the
degree of thoracolumbar kyphosis. A TLK of more than 20 is
considered to be pathological.’’

Spinopelvic angle (SPA)

It is the angle between the long axis of spine and the
pelvis as its name suggests. More specifically it's the angle
between the center of C7 vertebra and hip axis (center of femoral
head). It is measured by drawing a line from the center of C7, in
a LV of whole spine Xray including pelvis and femoral heads, to
the center of the S1 endplate (Figure 1, Line AE). Another line is
drawn from the center of the superior sacral plate to the hip axis
(Figure 1, Line DE). The angle thus made by these two lines re
measured. SPA defines and estimates the posture and position of
a human being in a standing position and measures the global
spinal balance.(11, 14) Patient in the position with his/her hip
flexion has high SPA and thus it is affected by the motion and
position of spine and pelvis.

Spino-sacral angle (SSA)

It is the angle between the spine and sacrum. More
specifically it is the measurement of the angle between theC7
vertebra and superior sacral plate. It is used to evaluate the
degree of kyphosis of the spine as a whole i.e. global kyphosis.
It is measured by drawing a line from the center of C7, in a
LV of whole spine Xray including pelvis and femoral heads,
to the center of the superior sacral plate (Figure 1, Line AE).
Another line is drawn as a straight line on the surface of S1
endplate from its center (Figure 1, Line EF). The angle between
these two lines is SSA. Studies have shown that average SSA
is about 130° and it usually doesn't change in a healthy person
remaining proportional to SS and LL. The more decrease in SSA
the more the increase in severity of kyphosis suggesting lower
SSA indicates more kyphosis. In case of kyphosis or loss of LL,
SSA decreases. ! 1433

Conclusion

The whole spine from cervical to sacral segment is
a single organ from its function perspective. In addition, the
pelvis plays a vital role in maintaining SALS. SALS has an
important impact not only on segmental motion but also on

degenerative pathology and health-related quality of life.
Various spinal pathologies like DDD, spondylolisthesis, spinal
canal stenosis etc. can lead to spinal sagittal imbalance which
can further aggravate the symptoms. Furthermore, sagittal
imbalance can lead to adjacent segment disease, failure of hard
wares placed in the previous procedure and poor outcome of
surgical intervention. Therefore, while planning the procedure
the concept of SALS has to be kept in mind and its correction
should be aimed in addition to decompression of the neuronal
structures.
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