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The importance of sagittal balance in adult scoliosis surgery
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Abstract: Adult spinal deformity is an important health issue worldwide with our aging population.
Understanding ideal sagittal alignment parameters is crucial for planning reconstructive surgery. Despite
its variability, sagittal spinopelvic parameters are well recognized as the most crucial factor in predicting
postoperative outcomes and risks of revision surgery. Thus, understanding the fundamental concepts of
spinopelvic harmony is of utmost importance because they provide useful recommendations for what should
be achieved during surgery. The main pathology in degenerative spine disease is the loss of lumbar lordosis
(LL), which contributes to lower back pain. The loss of LL may occur as a result of natural history with
spinal degeneration or by previous lumbar spine fusion. With adult spinal deformity, understanding the
compensatory mechanisms available to patients is important for determining the timing of surgery. The main
compensatory mechanisms patients adopt to maintain an upright posture include decreased sacral slope (SS),
increased pelvic tilt (PT), decreased thoracic kyphosis (TK). Failure of these compensatory mechanisms leads
to recruitment of the lower limbs with flexed hips and knees. At this stage, the patient is decompensated and
result in positive sagittal alignment. This sagittal imbalance can be easily measured by the sagittal vertical
axis (SVA) and is associated with worse patient-perceived outcome scores. These sagittal parameters also
indicate whether surgical reconstruction is required and provides the necessary alignment goals. Depending
on the value of pelvic incidence (PI), there are different LL goals. High PI has increased capacity for pelvic
retroversion but requires greater lordosis correction. Proper restoration of the LL according to the PI will
reduce pelvic retroversion reflected by reduced PT. Without adherence to these surgical goals, complications
such as proximal junctional kyphosis (PJK) may occur. It is imperative to restore normal spinopelvic balance

to maximize functional outcomes, reduce pain, and avoid complications.
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Introduction

Degenerative spinal disorders are now the forefront
of most spine practices due to improved medicine and
expected high quality of life of our elderly population. The
incidence is up to 32% in adults and 60% in the elderly
(1-3). Most degenerative spinal diseases present with back
pain which is now the most common presenting symptom
in our clinics and is associated with tremendous financial
and social burden on patients and healthcare (4,5). It was
identified as the leading global cause of disability in most
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countries in 2015 and a large percentage can be contributed
to deformity (4). As such, the impact of this disease is
recognized globally.

Spinal degeneration can manifest as disc disease, facet
arthrosis, spinal stenosis, spondylolisthesis, and degenerative
scoliosis (6). These conditions usually co-exist and are
often triggered by disc disease. This is a degenerative
cascade as described by Kirkaldy-Willis. Patients
with axial back pain often present with intervertebral
degeneration, and significant loss in disc height leads to
single or multi-segmental facet joint degeneration due to
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overloading. Eventually, segmental instability occurs with
spondylolisthesis. These features may occur at multiple sites
leading to adult spinal deformities with scoliosis, flatback, or
lumbar kyphosis. In addition to the deformity, patients may
have co-existing spinal stenosis which may also give rise to
back pain (7).

Due to a growing number of patients with back pain and
deformities, there is an increased interest in improving our
knowledge of its pathogenesis, alignment objectives, and
optimal corrective surgeries to achieve better outcomes.
Hence in the past decade, much effort has been made to
determine ideal alignment parameters (8-11), fusion level
selection, corrective techniques, and instrumentation
strategies (12-17).

Spinopelvic harmony

In adult spinal deformity, sagittal balance is of utmost
importance. Human bipedalism is a stable and ergonomic
posture. In this posture, the pelvis is a key structure for
maintaining stability and directly influences the spinal
alignment. The importance of studying the pelvic
morphology when describing the sagittal balance cannot
be emphasized enough. This is mostly contributed by work
from Dubousset and Duval-Beaupére (18). The pelvis is an
important segment that intercalates the trunk and lower
limbs through the hip joint. It is referred to as the pelvic
vertebra by Dubousset due to its close relationship to the
spine. The lumbar spine is closely associated with the pelvic
position. As humans who adopt a bipedal stance, the lumbar
spine in lordosis helps to maintain an upright posture and
support the weight. Loading of the spine onto the pelvis is
transferred to the lower limbs through the hips. The sacral
plateau supports the entire spine and is the point of transfer
of loads into the pelvis.

What is positive sagittal balance?

A forward stooping posture due to the events of failure of
compensation is referred to as positive sagittal balance.
Patients in this feature often develop increased back pain
and worse patient-perceived health-related quality of
life scores (19). This positive sagittal balance is a sagittal
imbalance which relates to the disruption of the “Cone
of Economy” as coined by Jean Dubousset. The cone is
projected from the feet up, and so the trunk is only within
a narrow range. This concept relates to the part of the
cone where the body can remain balanced without external
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support and using minimal effort. A much greater muscular
effort is required to maintain an upright posture when this
cone is exceeded, hence leading to more pain and disability.
The sagittal vertical axis (SVA) is a commonly used method
to quantify sagittal balance and has been shown to result in
greater disability (20).

Often patients with adult spinal deformities also have
spinal stenosis as a result of foraminal narrowing in
scoliosis, and with disc degeneration and spondylolisthesis.
It is also important to recognize the inability of patients
to stand upright with nerve root compression and
associated radiculopathy. In cases with spinal stenosis,
patients also adopt a forward standing posture to relieve
nerve compression symptoms with reduction of epidural
pressure through venous decompression (21). Patients with
predominant spinal stenosis symptoms (22) require careful
planning to avoid fusing patients without fixed sagittal
imbalance.

Radiological parameters for sagittal balance

Prognostication and surgical planning for adult spinal
deformities require a thorough analysis of standing
radiographs for sagittal spinopelvic parameters (Figure I).
The width of the pelvis is quantified by the pelvic incidence
(PI). The PI is specific to each individual and is anatomically
fixed after adolescence. The mean value has been reported
as 55+10 degrees (23). However, the PI is unique to each
individual and should be treated as such. The pelvis rotates
around the femoral head and is quantified by the pelvic tilt
(PT). In retroversion or backward rotation of the pelvis, the
PT increases. With anteversion or forward rotation of the
pelvis, the PT decreases. The last pelvic measure is the sacral
slope (SS) which indicates the S1 endplate position. The PI
determines the relative position of the sacral endplate with
the femoral heads. Ideally, the PT should be less than 50% of
the PI and SS should exceed 50% of PI (24). This way, there
is greater potential for compensatory mechanisms with pelvic
retroversion. Geometrically, these three measurements are
linked with the equation: PI = PT + SS.

There are no “normal” pelvic parameters, but a low
value of PI is commonly referred to as under 35 degrees
while a high value is around 85 degrees (25). There are
compensatory implications for low or high PI values.
Patients with low PI have a pelvis with a short pelvic ring
or small anteroposterior diameter. There is an associated
vertical pelvis that is narrow horizontally and strong
vertically. In this condition, the femoral heads are just below
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Figure 1 Common spinopelvic parameters: (A) thoracic kyphosis
measured from T5-T12; (B) lumbar lordosis measured from L1-
S1; (C) sacral slope measured by the angle of the S1 endplate with
the horizontal; (D) pelvic tilt measured by the angle between a
line connecting the center of the femoral heads with the center
of the S1 endplate and the vertical; (E) pelvic incidence is the
combination of the sacral slope and pelvic tilt and is measured by
the angle formed between the (F) centre of femoral head to the
midpoint of the S1 endplate and a perpendicular vertical line from

the horizontal.

the sacral plate leading to a low SS with the limited ability
of the pelvis to tilt. Conversely, a pelvis with a high PI has a
large anteroposterior axis with a large horizontal pelvis. The
femoral heads are in front of the midpoint of the sacral plate
leading to larger SS and higher potential for compensatory
retroversion.

Overall spinal balance is often reliant on the relationship
between the pelvic parameters and the lumbar lordosis (LL).
Schwab ez al. (26) suggest that the PI closely matches the
LL as measured from L1-S1. However, it is unlikely for the
LL to match the PI closely in every patient as variations
in spinal alignment do occur. Another concept suggested
by Roussouly er al. (27) is the inconsistent location of the
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Figure 2 The SVA is measured by the distance between a C7
vertical plumb line with the superior posterior corner of S1. SVA,

sagittal vertical axis.

inflection point between LL and thoracic kyphosis (TK).
Essentially, the inflection point is not necessarily located at
T12-L1 but varies according to the PI. Thus, LL should
not always be measured from L1-S1. Rather, the LL should
be divided into the upper and lower arches. The lower arch
(L4-S1) is clinically more important as up to 70% of the
total LL is located here. It is important to achieve good
surgical correction of the lower arch to restore sagittal
balance.

The most commonly used measurement to evaluate
global spinal balance is the SVA. The SVA is measured
by the distance between a C7 vertical plumb line with
the superior posterior corner of S1 (Figure 2). The SVA
is positive if the line passes >2 cm in front of the superior
posterior corner of S1 and is negative if the line passes >2 cm
behind the superior posterior corner of S1. More than
5 cm positive SVA is considered abnormal (19). However,
this measurement has been criticized for not being
representative of the actual center of gravity or balance (28).
It is also a measure easily affected by patient posture. The
T1 pelvic angle (29) is another tool for assessment of global
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Figure 3 A patient with compensated sagittal balance by utilizing
thoracic hypokyphosis and pelvic retroversion (a vertical pelvis
with increased pelvic tilt). Slight flexion of the hips and knees are

observed.

sagittal balance. It accounts for interaction between SVA
and PT, trunk inclination and pelvic retroversion (30).
A line is drawn from the center of the T1 vertebral body
center to the femoral heads and a line from the femoral
heads to the center of the SI1 endplate. A target angle of
10-15 degrees for patients aged 40-65 and 15-25 degrees
for patients older than 65 can reduce postoperative
deterioration in outcomes (30). Other measurements,
such as the full balance integrated (FBI) method (31)
and gravity line measurement from the external auditory
meatus (32) are more comprehensive in assessing balance.
The FBI technique is based on a global analysis of the full-
body balance and is a measurement based on the angle
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of C7 translation (angle between midpoint of C7 inferior
plateau, projected future C7 plumb line and S1 plateau),
angle of femur obliquity (inclination of the femoral axis
to the vertical) and angle of tilt compensation [based on
Roussouly’s classification (27)].

There is also growing interest in incorporating
the cervical spine assessment with overall balance.
Measurements like C2-7 angle and cervical SVA have been
studied. However, since the cervical spine is flexible, their
clinical implications are uncertain, and further studies are
required. Cervical spine movement can be a compensatory
mechanism to maintain horizontal gaze (33).

Compensation for sagittal imbalance

Compensatory mechanisms relate to the severity of the
imbalance. It can be balanced, balance with compensatory
mechanisms and imbalanced. If the loss of LL is
compensated to maintain overall sagittal balance, then it
is unlikely for the global alignment to be a cause of pain.
When patients lose their normal LL, patients require several
compensatory maneuvers (Figure 3) such as hypokyphosis
of the thoracic spine, and pelvic retroversion with reduced
SS and increased PT to maintain an upright posture (34). If
these fail, the lower limbs are recruited for compensation by
placing the hips and knees in flexion. Muscular contraction
is important to restore balance. Adequate thoracic back
musculature is necessary to achieve thoracic hypokyphosis
and this may suggest that the thoracic spine can still
compensate for any residual deformities and may not
require fusion. In decompensation, there is forward tilt
(Figure 4) despite pelvic retroversion, with contractures
of hamstrings and abdominal muscles. With progressive
deformity and back musculature fatigue, patients will adopt
a forward stooping posture. Fatigue in the lower limbs with
accelerated degeneration of hips and knees may also occur.
If the imbalance is a source of pain, correcting the sagittal
profile may improve back pain. This will require achieving
a more anteverted pelvis while increasing the SS. The
compensatory mechanisms of pelvic retroversion, increased
PT and decreased TK may spontaneously correct after
successful restoration of LL (35,36). The legs will also be
able to straighten.

Classification of adult spinal deformity

The most commonly used classification for adult spinal
deformities is the SRS-Schwab classification (26), which
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Figure 4 A patient with uncompensated sagittal balance with
forward posture despite thoracic hypokyphosis and pelvic

retroversion.

is descriptive. It consists of components split between the
coronal curve types and sagittal modifiers. There are four
components: coronal curve type, PI-LL modifier, PT
modifier, and global balance modifier. For the coronal curve
type, patients are divided into thoracic only (with a lumbar
curve less than 30 degrees), thoracolumbar/lumbar only
(with a thoracic curve less than 30 degrees), double curve
(thoracic and thoracolumbar/lumbar curves both more than
30 degrees) or no coronal curve (all coronal curves less than
30 degrees). The PI-LL mismatch is graded as 0 (PI-LL less
than 10 degrees), + (PI-LL between 10-20 degrees) and ++
(PI-LL more than 20 degrees). The global balance modifier
is measured by the C7-S1 SVA. It is graded as 0 (SVA less
than 4 cm), + (SVA between 4-9.5 cm) and ++ (SVA more
than 9.5 cm). Finally, the PT is graded as 0 (PT less than
20 degrees), + (PT between 20-30 degrees) and ++ (PT
more than 30 degrees). This is now a validated tool for
surgical planning and communication. It has also been
shown to correlate well with health-related quality of life
measures (37).

The sagittal profile of the spine is not simply described
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as a kyphotic thoracic spine and lordotic lumbar spine. A
more intuitive classification is proposed by Roussouly (27)
based on four types of sagittal alignment determined by the
location of the inflection point. The LL is divided into an
upper arc and lower arc defined by the apex of the lumbar
curve towards the position of the inflection point and the
SS respectively. The angle between the sacral plate and
the inflection point is called the lordosis tilt angle. The
four types are named type 1 lordosis, type 2 lordosis, type
3 lordosis, and type 4 lordosis. For type 1 lordosis, the SS
is less than 35 degrees with a low PL. The apex is at the L5,
and thus the inflection point is low, and the lower arc of
lordosis is minimal. There is kyphosis at the thoracolumbar
junction. In type 2 lordosis, the SS is less than 35 degrees,
but the apex is at L4. The inflection is higher and more
anterior, but the lower arc of lordosis is flat. The spine is
generally flatback. For type 3 lordosis, the SS is between
35 and 45 degrees. The apex is also at L4, but the lower
arc of lordosis is more prominent than the previous types.
The spine is well balanced, and the inflection point is at the
thoracolumbar junction. Finally, for type 4 lordosis, there
is a SS of greater than 45 degrees with a high PI. The apex
is at L3 or higher with a prominent lower arc of lordosis.
The LL segment includes more proximal segments than
other types. This classification has major implications for
the standard of corrective surgery as with types 1 and 2,
a larger burden of correction on the lower segments is
required as compared to type 4 which has more vertebrae to
compensate.

Any role for conservative treatment?

Nonoperative management is usually reserved for patients
with mild symptoms arising from stenosis, radicular or back
pain, curve magnitude of fewer than 30 degrees, less than
2 mm of lateral subluxation, and reasonable coronal and
sagittal balance (38). Maximizing conservative treatment
before operative treatment is necessary with the high risk of
surgical complications up to 80% with a reoperation rate of
50% (39,40). This is especially important when taking into
account the high cost of these surgeries (41).

Several studies (42-46) have compared outcomes
of surgical and nonoperative cohorts. However, these
studies carry a high risk of selection bias, and none of
them provided a standardized conservative treatment
protocol, details regarding what therapies and training
were given, and explanation of what was considered a
failure of conservative treatment (47). Of note, when and

Ann Transl Med 2020;8(2):35 | http://dx.doi.org/10.21037/atm.2019.10.19



Page 6 of 11

Cheung. Importance of sagittal balance in adult deformity

Figure 5 A patient with a preoperative pelvic incidence of 45 degrees, a pelvic tilt of 51.9 degrees, the sacral slope of -7.8 degrees,

lumbar kyphosis of 28.7 degrees and sagittal vertical axis over +10 cm. She underwent L.3-S1 oblique interbody fusions and posterior

instrumentation from T10 to pelvis. Postoperatively, the lumbar lordosis returned to 47 degrees with a pelvic tilt of 20 degrees. The sagittal

vertical axis is now centered over the posterior-superior corner of S1.

what to prescribe for conservative treatment and its effect
on outcomes is unknown. Most of this available evidence
is also retrospective (48), and lack consensus on what is
most efficacious for adult deformity and which patients will
benefit most. There are many conservative management
options, such as bracing, manipulation, physical therapy,
and epidural injections (48). Also, the above studies are
based on Caucasian populations, and no study has been
performed in the Asia-Pacific population. There are
obvious ethnic and cultural variations that come into play
for degenerative disorders, and such comparative evidence
is necessary (49,50). However, these studies all supported
a clear message that patients with adequate compensation
may avoid surgical interventions. Back musculature can still
be trained to maintain a compensated posture.

Aim of surgical correction

Corrective surgeries aim to reconstitute the spinopelvic
harmony to maintain sagittal balance (Figure 5). The
lower lumbar spine, in particular, has a high potential for
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rebalancing surgery as two-thirds of LL is located between
1L.4-S1 (51). How much correction is needed; however, is not
well understood and is often subjected to debate. Schwab
recommends an SVA <40 mm, a PI-LL mismatch within
10 degrees and a PT <20 degrees for ideal sagittal
alignment (26). However, this has been challenged due to
variations with age and sex. In a study of asymptomatic
volunteers, older patients especially reaching the 60-80 age
group had less amount of LL (52). Based on regression
analyses of P'I, PI-LL mismatch and SVA, age and commonly
used health-related quality of life measures of the Oswestry
Disability Index (ODI) and 36-item short-form questionnaire
(SF-36), younger patients likely require more rigorous
alignment objectives than the elderly (53,54). Elderly patients
tolerated greater magnitudes of sagittal malalignment. Patients
aged 75 years or above can tolerate a PI-LL mismatch of
8.3 with ODI of 20, while for the same ODI, patients 35 to
44 years of age requires a PI-LL of 2.7 (Table 1) (10).

In additional to age-related variations, there is a
limitation of using single static standing radiographs for
analyses. These radiographs do not consider the spinal
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Table 1 Age-adjusted targets

Age group PT PI-LL SVA
<35 11.0 -10.5 -30.5
35-44 15.4 -4.6 -5.5
45-54 18.8 0.5 15.1
55-64 22.0 5.8 35.8
65-74 25.1 10.5 54.5
=74 28.8 17.0 79.3

PT, pelvic tilt; PI, pelvic incidence; LL, lumbar lordosis; SVA,
sagittal vertical axis.

Table 2 Goals of sagittal realignment surgery

PI Equation
<35 degrees LL =PI +10
35-50 degrees LL =PI
50-80 degrees LL=PI-10

PI, pelvic incidence; LL, lumbar lordosis.

Figure 6 A patient with inadequate correction of the lumbar
lordosis in the presence of a high pelvic incidence. There is

evidence of proximal junctional kyphosis.

flexibility and functional demands on the spine. Also, most
of the postures we adopt in daily life are not standing. One
study suggests that in a natural sitting posture, the lumbar
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spine becomes kyphotic (55). Hence, the LL cannot be a
standard measurement due to variations with posture (25,56).

Nevertheless, a commonly used recommendation for
sagittal realignment surgery is PI-LL mismatch. Depending
on the value of PI, the expected LL may be different
(Table 2). A small PI may require a larger LL but a large PI
may require a smaller LL for balance. Equations such as
LL = PI +10 for small PI, LL = PI for average PI, and
LL = PI -10 for large PI ~50-80 degrees have been
proposed (57).

Osteotomies are commonly employed to restore sagittal
balance. Depending on the amount of correction needed,
the type of osteotomies may be planned appropriately to
achieve the intended sagittal correction. Posterior column
osteotomies involve the removal of posterior ligaments with
a complete facetectomy. The amount of sagittal correction
is usually 5-10 degrees per level depending on how liberal
is the osteotomy and the degree of flexibility in the disc
space. These are usually indicated for more flexible spinal
deformities with less amount of correction needed. Three
column osteotomies like the pedicle subtraction osteotomy
(PSO) are reserved for large sagittal malalignments with
fixed and angular deformities. A single PSO can usually
generate 20-40 degrees of LL change (58). For patients with
less LL angle increases (<40 degrees), greater postoperative
SVA (>8 cm), and reduced differences between LL and TK
(<25 degrees) after surgery, sagittal decompensation is more
common (59,60). Vertebral column osteotomies usually can
correct from 40-80 degrees of kyphosis deformity especially
at the lumbosacral and thoracolumbar spine. However, its
complication rates are notoriously high.

Complications

Surgery for adult spinal deformity carries a high risk of surgical
complications and reoperation (39,40). Of these, adjacent
segment degeneration, inadequate sagittal realignment, and
proximal junctional kyphosis (PJK) (Figure 6) are commonly
observed. Adjacent segment degeneration after fusion
may also be influenced by inappropriate sagittal balance
after surgery. There is a higher rate of adjacent segment
degeneration in patients with an abnormal SVA (61).
Lumbar spinal fusions, in general, can lead to problems in
the sagittal spinal balance due to reduced SS and LL (56,62).
Lumbar fusions that result in an improper postoperative LL
or simply unchanged LL, especially from L4-S1, will result
in increased LL at the upper unfused segments at L1-4. A
more vertical sacrum with reduced SS and increased PT
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results in more post-fusion pain (56).

Flat-back can result from loss of lordosis after fusion.
Hence, the spinopelvic parameters should be carefully
considered preoperatively with the successful execution of the
correction surgery to restore LL and prevent fixed sagittal
imbalance. Cho ez a/. (63). showed that patients with a high PI
are at highest risk for sagittal decompensation due to surgical
under-correction. Patients with higher PI may need more
LL correction for sagittal balancing (64). This may reduce
the need for thoracic hypokyphosis at the risk of PJK. (36).
Up to 70-80 degrees of LL restoration may be required to
correct sagittal balance. A simple recommendation proposed
is LL (L1-S1) = PI +9 degrees (65).

Despite osteotomies, often in patients with high
PT and malalignment preoperatively fail to restore an
acceptable alignment (66). As a result, PJK may occur,
especially in long constructs after adult spinal deformity
surgery. Hypokyphosis of the thoracic spine because of
overcorrection may lead to increasing kyphotic forces at
the proximal junction to restore standing balance (67).
This may lead to revision surgery and ultimately, worse
outcomes. Specifically, for PJK, age-adjusted alignment
goals are necessary since older patients do not require as
much correction since they are inherently more kyphotic.
Lafage ez al. (53). have shown that patients with PJK often
have smaller postoperative PI-LL mismatches indicating
overcorrection during surgery as the main culprit. In
addition to alignment changes, patients with osteoporosis,
larger TK, paraspinal muscle atrophy and fatty degeneration
may all contribute to the risk of PJK (68-70). Hence, PJK is
a complex problem that currently has no good prevention.
Elderly patients with the osteoporotic bone are more at risk
for developing PJK.

It is also important to consider the patient’s ability
to compensate for any residual deformities beyond the
radiological parameters. Hip range of motion and muscle
contractures, especially hamstrings, may limit compensation
and should be maximized preoperatively to improve
postoperative outcomes. This is especially true for extensive
long-construct instrumentation as patients lose their ability
to adopt compensatory postures. Hence, appropriate surgical
realignment should be achieved in the initial surgery, or else
revision surgery becomes unavoidable.

Conclusions

Management of adult spinal deformity requires a proper
understanding of the dynamics between the spine and the
pelvis, and understanding of sagittal radiological alignment
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parameters. In the recent decade, there is growing literature
regarding various spinopelvic measurements to assess the
degree of sagittal imbalance. Regardless of the classification
system or parameters used, it is always important to
match the LL with the PI. It is important to understand
that this relationship is fluid and will change according to
patient age and degree of PI. Compensatory mechanisms,
including reduced TK, pelvic retroversion with increased
PT, and finally hip and joint positioning, indicate when
the patient has reached the threshold where interventions
may be required. The PI predicts how much compensation
is available to patients. Low PI has limited capacity for
retroversion as compared to high PI. Alignment goals
are also different for low and high PI. Restoring lordosis
proportional to the PI value is essential. Those with high
PI will require more significant lumbar correction and is
thus technically more demanding during surgery. The PI is
a fixed anatomical parameter but is reflected by changes in
PT and SS. Surgeons can only restore the appropriate LL
to influence values of PT and SS. There are many different
surgical techniques, but the objective is the same, to
achieve spinopelvic harmony. Inability to understand these
relationships and inadequate surgical correction to match
these goals will result in complications such as PJK.
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