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Sagittal profile in spinal deformities and degenerative lumbar
spondylolisthesis
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Abstract
Sagittal balance is a biomechanical feature of bipedal human spine which maintains the centre of gravity between the
two legs for an energy efficient ambulation. A lot of compensatory mechanisms develop when there is loss of sagittal
balance like loss of segmental lordosis, hyperextension at other lumbar segments, retrolisthesis, retroversion of pelvis,
increased pelvic tilt and reduced sacral slope. Intrinsic pelvic morphology (pelvic incidence) determines the ability to
compensate.
In degenerative lumbar spondylolisthesis pelvic parameters definitely matter. A high pelvic tilt is correlated with poor
clinical outcome, poor quality of life and complications after surgery. Degenerative lumbar spondylolisthesis without
instability or with single level degenerative listhesis does not cause much imbalance. Patients with multilevel
degenerative disc disease, and degenerative scoliosis occurring along with degenerative spondylolisthesis requires
restoration of lumbar lordosis by sagittal realignment procedures. Sagittal balance is essential for energy efficient
posture, gait and function.
We have done a prospective study to assess the correlation between recurrence of symptoms and sagittal spine pelvic
imbalance in lumbar intervertebral disc prolapse. It was observed that the recurrence of symptoms of lumbar IVDP was
significantly correlated with sagittal spinopelvic imbalance (p value < 0.001).
Keywords: Sagittal balance, Spinal deformity, Degenerative lumbar spondylolisthesis, Recurrence, IVDP, Pelvic
incidence, Lumbar lordosis
Introduction
Sagittal balance is a biomechanical feature of bipedal
human spine which maintains the centre of gravity
between the two legs for an energy efficient ambulation.
Dubousset has described the cone of economy in which
the body is ambulated with least expenditure of energy
[1]. Out of this cone, the body needs support. A proper
sagittal balance ensures optimal functional outcome and
patient satisfaction. According to SRS [2], normal sagittal
balance is C7 plumb line which falls within 2 cm of the
sacral promontory in a whole spine X ray where
compensatory mechanisms are nullified. The balance is
said to be positive beyond 2cm in front of sacral
promontory and negative 2cm beyond posteriorly.
Sagittal balance is maintained by alternating forward and
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backward curvatures in the spine.
Sagittal profile is the most important parameter
predicting clinical health status in spinal ailments [3,4].
Unlike the quadrupeds (Fig. 1, 2, 3), due to bipedalism,
the human pelvis has tilted in such a way to support the
spinal column, often it is termed the pelvic vertebra.
In standing position how the Sacral Slope (SS) and Pelvic
Tilt (PT) balance each other determines the sacropelvic
balance. Pelvic tilt and sacral slope are position dependent
variables to characterise spatial orientation of the pelvis.
The sum of pelvic tilt and sacral slope gives pelvic
incidence (PI), a morphological parameter unchangeable
after growth. Normal pelvic tilt is 13+/-6 degrees, sacral
slope is 39.6 +/-7.9 degrees and pelvic incidence is about
52.6 +/- 10.4 degrees [2, 4–7].
Sagittal profile and Spinal deformities
Pelvic incidence is considered the key factor in
determining the sagittal balance. It determines the
sagittal orientation and size of lumbar lordosis. The
global spinal balance is determined by the relative
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Figure 3

Figure 1: Normal sagittal
profile of spine (Source –
Internet)

Figure 2: C7 plumbline

position of the C7 and S1. A C7 plumbline falling over or
just behind the femoral heads ensures that C7 is not in
front of the centre of gravity of the body [8,9]. The
commonly used sagittal, spinal and pelvic parametres in
assessing spinal balance are (Fig. 4, 5, 6, 7)
1. C7 plumbline (PL)
2. Thoracic kyphosis (TK)
3. Lumbar lordosis (LL)
4. Sacral slope (SS)
5. Pelvic tilt (PT)
6. Pelvic incidence (PI)
Another criterion to assess sagittal balance is pelvic
incidence– lumbar lordosis within 10 degrees [10]. This
negates the compensatory mechanisms that have
developed due to sagittal imbalance. This measure can be
used for planning surgical treatment. Infact, Schwab et al

Figure 5: Pelvic tilt

Figure 6: Pelvic Incidence

Figure 4: Sacral slope

have coined a formula to calculate the ideal lumbar
lordosis at surgery.
LL = (PI +TK)/2 +10
According to Schwab et al [2] the target for correction of
spinal sagittal balance are
1. PI- LL within 10 degrees
2. SVA (Sagittal Vertical Axis) < 4 cm
3. PT < 20 degrees
Pelvic Incidence (PI) is higher in patients with
degenerative lumbar spondylolisthesis but is normal in
patients with LCS.
A lot of compensatory mechanisms develop when there is
loss of sagittal balance. Disc degeneration can lead to loss
of segmental lordosis, hyperextension at other lumbar
segments, retrolisthesis, retroversion of pelvis, increased
pelvic tilt and reduced sacral slope. In severe imbalance,
the thoracic kyphosis develops flexion of knees, ankle and
hip extension develops [11].
We have done a prospective study to assess the correlation
between recurrence of symptoms and sagittal spine pelvic
imbalance in lumbar intervertebral disc prolapse. It was
observed that the recurrence of symptoms of lumbar
IVDP was significantly correlated with sagittal spinopelvic
imbalance (p value < 0.001). Unlike quadrupeds,
bipedalism in humans shifted the pelvis more vertically to

Figure 7: Lumbar Lordosis

Figure 8: Patient
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Figure 11: Platyspondyly

Figure 9: Xray – severe
Figure 10: CT scan -showing poorly
kyphotic deformity, no
developed, pencilledout vertebra
cervical instability

support the entire spinal column. The pelvis is then
aptly called a “pelvic vertebra”.
Different compensatory mechanisms develop with loss
of sagittal profile. Disc degeneration can cause loss of
sagittal lordosis, hyperextension at other lumbar
segments, retrolisthesis, retroversion of pelvis,
increased pelvic tilt and reduced sacral slope. In severe
imbalance, the thoracic kyphosis decreases, knee flexes,
hips and ankle extend to maintain the sagittal balance
[11,12]. This itself makes ambulation laboredas the
lumbopelvic and pelvifemoral muscles become
inefficient with the compensatory mechanisms. When
the body moves out of the “cone of economy” further
balance will be at the cost of a support during
ambulation.
Clinically sagittal balance is assessed by pain, deformity,
fatigue worsened by prolonged activity, loss of
horizontal gaze, decreased social independence and
compensator y mechani sms. Intr insic pelv ic
morphology (pelvic incidence) determines the ability
to compensate.

Figure 13: Both hip

Figure 14: Clinical picture

Figure 12: Right hip
replacement

Example 1 (Fig. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18)
24 year old lady with spondyloepiphyseal dysplasia
presented in a wheelchair due to severe arthritic changes
in her hips and a kyphotic deformity in her thoracic
spine.
Now the lady started walking, but the sagittal balance is
highly compensated due to the severe kyphosis in the
thoracic spine.
So, a posterior vertebral column resection was planned.
Since this gives good correction in severe deformities, it
is possible to correct the deformity with a single surgery,
even though similar results are possible with combined
anterior and posterior surgeries.
She is under regular followup and at the end of 5 years
she is happily married and blessed with a baby girl.
Example 2 (Fig. 19,20,21,22,23)
Young lady with ankylosing spondylitis, sever sagittal
imbalance, hand to knee gait, loss of horizontal gaze,
laboured ambulation, severe pain due to iliocostal
impingement, and rocker bottom spine
So, a pedicle subtraction osteotomy was done for her at
L3. Fixation done 3 levels above and below the
osteotomy. Laminectomy at L3 and one level above and
below to avoid concussion of dura from adjacent
laminae while attempting correction.
This patient is followed up for 12 years. She maintains
good sagittal balance and enjoys energy efficient
ambulation free of pain.

Figure 15: PVCR (intraoperative picture)

Figure 16: Clinical
picture post correction
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Figure 17: Xray showing
correction after 2 level
PVCR

Figure 18: The patient with her baby

Figure 21: Pre-operative Figure 22: Post-operative
Figure 23: Post
X ray
X ray
operative clinical picture

Figure 26- 27: PSO (Pedicle Subtraction
Osteotomy) postop X ray

Figure 31: Different types of lumbar
lordosis(Image taken from 2010 Eur Spine J)

Figure 28- 29: Clinical
picture(postoperative)

Figure 32: Clinical picture

Figure 19: Clinical picture

Figure 24: Clinical
picture

Figure 20: Correction
intraoperative picture

Figure 25: Clinical picture

Figure 30: Types of lumbar lordosis

Figure 33: X ray – Severe kyphosis with
inadequate instrumentation (single clamp)
from previous surgery 6 years back
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Figure 34: MRI showing severely stretched cord

Figure 37: Postoperative X-ray
showing posterior instrumentation

Figure 35: CT
scan showing the
deformity

Figure 38: Second stage
anterior surgery with fibular
strut graft

Figure 40: MRI showing deformity

In ankylosing spondylitis, the deformity may be at the hip,
lumbar spine, thoracic spine or at the cervical spine. It is
different from other deformities. Here the correction is
due to first at the hips, then at the lumbar spine and finally
at the cervical spine. Here, a cervical spine deformity may
be corrected by correction at the hip and the residual
deformity remaining may be corrected by an osteotomy at
the lumbar spine, i.e., creating a deformity away from the
CORA to correct a deformity at a higher level.

Figure 36: Intraoperative positioning

Figure 39: X -ray showing deformity

Figure 41: Post surgery – Figure 42: Post surgery
X-ray shows correction
clinical picture

Example 3 (Fig. 24, 25, 26, 27, 28, 29)
74 year old male with ankylosing spondylitis and difficulty
in seeing the horizon straight. He was unable to lie supine,
as his fused beck stood erect, without touching the ground.
A pedicle subtraction osteotomy (PSO) was planned at
L3. Radiologically sagittal profile is assessed with a full
length standing AP and lateral X-ray. The knees and hips
should be neutral, with the arms flexed and the fingers in
the supraclavicular fossa. X-ray should span from occiput
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to the femoral heads. The radiographic parameters used
are already mentioned. Sagittal profile is tailor made. It
is not the same for every individual. 4 types of sagittal
profile are described depending on the orientation of
pelvis, LS junction and sacrum [13].
Variations in spinal alignment (Fig. 30, 31)
1. Type 1 lordosis
• Inflexion point L3-4
• Low PI and SS <35
2. Type 2 lordosis
• Inflexion point at L1-2
• PI low
3. Type 3 lordosis
• Inflexion point T12-L1
• SS = 35-45
• High PI
4. Type 4 lordosis
• Inflexion point T9-10
• SS > 45
• PI high
The treatment options for sagittal imbalance depends
upon a proper preop assessment, and flexibility of the
spine.
In totally flexible deformities, discbased releases, and
polysegmental wedge osteotomies are sufficient.
Partially flexible deformities also do well with disc and
facet-based releases and polysegmental wedge
osteotomies. Fixed deformities may be corrected with
pedicle subtraction osteotomies or posterior vertebral
column resection or similar procedures. This would
achieve three dimensional correction of these complex
deformities in all the three planes. This could very well
justify the primary aim of correction of the deformities,
i.e., attainment of a proper sagittal balance for an energy
efficient easy ambulation preventing an undue eccentric
load on the rest of the weight bearing joints and prevent
neurological deterioration. Also, it satisfies secondary
aims of correction of these complex deformities such as
cosmetic appearance and self-image.
Example 4 (Fig. 32, 33, 34, 35, 36, 37, 38)
Young lady with type 1 neurofibromatosis presented
with clonus and severe kyphotic deformity of the
thoracic spine
Patient was followed up for 4 years without any further
deterioration

Example 5 (Fig. 39, 40, 41, 42)
14 year old male with type 1 neurofibromatosis
presented with deformity of his neck and numbness of
his fingers.
C6 corpectomy– cage and graft, C4-5 discectomy and
graft, C4-7 anterior fixation with simultaneous
posterior lateral mass fixation and fusion
Surgery was done with neuromonitoring. The patient is
being followed up for last 2.5 years with out any
problems. There is good fusion at the operated site and
the patient is independent and engages in sports. The
main problem with neurofibromatosis is very high
chance of pseudoarthrosis compared to other
conditions or trauma. It is altogether a different ball
game. Post traumatic deformity is easily correctable as
the anatomy was usual before the trauma. But in
neurofibromatosis, the tissue is inherently abnormal,
making correction and fusion difficult.
In degenerative spondylolisthesis, PI is higher, or in
other words, high PI predisposes to degenerative
spondylolisthesis. They typically show a high PI and a
low SS. So Gille et al [14] classified degenerative
spondylolisthesis for planning surgical treatment.
According to him, there are 5 types
• Type 1 – o > 5 degree segmental lordosis and lumbar
lordosis maintained, so a posterior fusion without a cage
is preferred.
• Type 2 – o decreased segmental lordosis <5 degrees ,
LL preserved. They need interbody fusion with cage to
restore segmental lordosis.
• Type 3 – o decreased LL . short construct is enough
• Type 4 – o decreased LL (LL< PI-10). Compensation
to maintain sagittal balance (PI>25). o Long constructs
needed for treatment
• Type 5 – o sagittal – global imbalance (SVA > 4 cm).
correction of sagittal deformity needed more than
correction of listhesis. Also, CT is not necessary to
include retrolisthetic area into fusion in every case. If
there is unstable retrolisthesis and sagittal imbalance,
fuse the retrolisthesis.
In degenerative lumbar spondylolisthesis pelvic
parametres definitely matter. A high PT is correlated
with poor clinical outcome, poor quality of life and
complications after surgery.
According to Le Huec J etal [15], preop PT >/= 26
degrees is considered a significant risk factor for
complications. According to Rhee et al [16] in their
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article in J Clin Neurosci 2017, restoration of focal LL
and sagittal balance for single level. Lumbar
degenerative spondylolisthesis does not seem to yield
clinical improvements.
According to Kumar NN et al [17], abnormal balance
plays a significant role in degeneration of adjacent
segments after spinal fusion.
Aiquing et al [18] in their paper on spino pelvic sagittal
parameters and clinical efficacy before and after short
segment reduction and fusion surgery in patients with
degenerative lumbar spondylolisthesis has shown that
correcting spinopelv ic parametres to normal
physiologic values could reduce pain and improve the
quality of life. In other words, reduction and fusion
surgeries have a positive significance on correcting
spinopelvic sagittal parameters.
So, in a nutshell, lumbar degenerative spondylolisthesis
at a single level does not cause much imbalance.
Patients with multilevel degenerative disc disease,
degenerative scoliosis, occurring along w ith
degenerative lumbar spondylolisthesis requires
restoration of lumbar lordosis by sagittal realignment
procedures.
Current literature shows direct relationship between
sagittal spinopelvic parameters and patient reported
outcomes and satisfaction rates. Multiple parameters
may be used to assess the sagittal balance. Patients with
severe sagittal imbalance may not benefit from simple
decompression surgery. Preoperative SVA > 8 cm, PT
>26 degrees, PI- LL > 10 degrees and low thoracic
lordosis need realignment surgery [5,12,19]. Sagittal
balance is essential for energy efficient posture, gait and
function.

Conclusion
Degenerative lumbar spondylolisthesis without
instability or with single level degenerative listhesis does
not cause much imbalance. Patients with multilevel
degenerative disc disease, degenerative scoliosis
occurring along with degenerative spondylolisthesis
requires restoration of lumbar lordosis by sagittal
realignment procedures.
Current evidence shows direct relationship between
sagittal spinopelvic parameters and patient reported
outcome and satisfaction rates. Surgimap and similar
soft wares may be used to assess these parameters
correctly.
It is better to use multiple parametres to assess sagittal
balance. Patients with severe sagittal imbalance may not
benefit from simple decompression surgery alone.
Preoperative SVA > 8 cm, PT > 26 degrees, PI-LL > 10
degrees and low thoracic lordosis need realignment
surgeries. Sagittal balance is essential for energy efficient
posture, gait and function.
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