
Positive Sagittal Balance and Management Strategies 
in Adult Spinal Deformities

Introduction
Ever since man has assumed an erect 
posture and bipedal gait, a series of 
morphological changes have taken place in 
the homosapien vertebral column to adapt 
to this new challenge of upright posture. 
One of the most distinctive adaptive 
changes seen in human spinal column has 
been the assumption of a gentle ‘S’ curve in 
sagittal plane with thoracic kyphosis [TK] 
interposed between cervical and lumbar 
lordosis [LL]. These curves work like a 
coiled spring to absorb shock, maintain an 
upright balance and allow the spine to 
withstand great amounts of stress than what 
a straight column would otherwise absorb. 
At the same time it still allows for a wide 
range of movements in the cervical and the 
lumbar region to optimize the use of 
extremities while still maintaining an 
upright stance with the head centered over 
the pelvis and finally over both feet.
In most individuals with a disease free and 

deformity free sagittally balanced spine, a 
vertical line drawn from the center of the C7 
vertebral body (the C7 plumb line) passes 
within a few millimeters of the posterior-
superior corner of S1[1] (Fig. 1). This is the 
most ergonomically favorable position for 
the spine to maintain an erect posture in the 
most energy-efficient manner. However, 
with progressively larger deviations from 
this ideal position, the endeavor to remain 
upright increases exponentially, thereby 
warranting greater muscular effort and 
energy to maintain standing balance[2]. 
By convention, positive sagittal balance 
occurs when the C7 plumb line falls anterior 
to the posterior-superior corner of the S1 
endplate. Conversely, negative sagittal 
balance occurs when the C7 plumb line falls 
posterior to this point[3]. The extent of 
imbalance is measured as centimeters of 
deviation of the C7 plumb line (also known 
as Sagittal vertical axis- SVA) from the 
posterior-superior corner of the S1 

endplate[4](Fig. 
2). Negative 
sagittal balance is 
much less 
common in 
clinical practice 
and rarely 

warrants surgical attention. In this article we 
shall deal with only positive sagittal balance 
which is encountered more often.

Causes
Positive sagittal imbalance can occur due to 
destruction of the vertebral body by trauma, 
tumor or infection. It may also result from 
loss of LL as a consequence of multilevel 
degenerative disc disease, ankylosing 
spondylitis, diffuse idiopathic skeletal 
hyperostosis or osteoporosis[5]. Secondary 
causes include iatrogenic flat back syndrome 
resulting from failure of restoration of the 
appropriate LL according to the patient’s 
Pelvic incidence[PI]. Rarely, sagittal 
imbalance may be seen following spinal 
fusion surgery through an area of 
pseudarthrosis or through a degenerated 
segment adjacent to a previous fusion. In 
the past the use of distraction 
instrumentations such as the Harrington 
rods was the frequent cause of iatrogenic flat 
back syndrome[6]. Positive sagittal 
imbalance due to congenital deformities is 
outside the preview of this symposium on 
adult deformities.

Compensation
Barrey et al. [7] described three stages of 
compensatory mechanisms corresponding 
to the severity of the sagittal imbalance: 
balanced, balanced with compensatory 
mechanisms and imbalanced spine. In the 
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initial stages when positive sagittal 
imbalance begins, the pelvis retroversion 
takes place in an attempt to push the C7 
plumb line backwards behind the femoral 
heads resulting in extension of the hips[7-
9]. At this stage the PI determines the global 
capacity of pelvis retroversion and 
consequent compensatory capability. In 
patients with higher PI the pelvis can tilt 
more and compensate better than patients 
with a low PI[10]. The full body is now 
balanced but it is a compensated balance, 
which is less efficient[11]. At the same time 
the posterior spinal muscles act as a 
posterior tension band (trying to restore 
some LL) pulling the adjacent segments of 
the lower dorsal spine into hyperextension. 
In young patients with flexible spines this 
hyperextension leads to reduction of TK. 
Spine hyperextension is an energy 
consuming process that generates increase 
of stresses on posterior structures resulting 
in risk of retrolisthesis, facet joints 
overstress and even sometimes isthmic lysis 
(Fig. 3) [11]. When pelvis retroversion and 
spine hyperextension are not enough to 
keep the C7 plumb line behind the femoral 
heads, the only solution to keep the gravity 
line between the two feet is to bend the 
knees. This process needs good psoas and 
quadriceps muscles activity, which is again 
energy consuming and not an efficient 
situation. When the knee flexion also fails to 
keep the C7 plumb line behind the femoral 
heads, a stage of decompensation 
(imbalance) is reached and an external aid 

(e.g., crutches, walker) is often required to 
maintain upright posture[11]. 

Imaging Studies
Standard full-length anteroposterior and 
lateral radiographs should be performed in 
all patients with suspected sagittal 
imbalance. Horton et al[12] reported the 
‘clavicle position’ in which the patient stands 
with both hips and knees fully extended, the 
elbows fully flexed, the wrists flexed with 
the hands in a relaxed fist placed into the 
supraclavicular fossa without any external 
support as the best patient position for the 
study of sagittal deformity. Sagittal 
imbalance is basically determined by the C7 
plumb line offset from the posterior-
superior corner of S1 (Fig. 2). An offset 
>2.5 cm anteriorly or posteriorly is 
considered to be abnormal[13]. Different 
components such as TK, LL and PI are also 
measured to define the overall sagittal 
balance[14].
Dynamic lateral radiographs with the spine 
in full flexion and full extension helps to 
assess the mobility of discs in the kyphotic 
segment and hence plan appropriate surgical 
management. Alternately, some surgeons 
use traction views to assess spine mobility.

Management
Nonsurgical Management
Symptomatic patients with sagittal 
imbalance are often unresponsive to 
nonsurgical treatment. Physical therapy 
programs, bracing, facet joint injections, 

selective nerve root blocks and epidural 
steroid injections[15] are often ineffective 
in decompensated patients.

Surgical Management
Surgery is the mainstay of treatment for 
patients with sagittal deformity[15]. 
Indications include failure of nonsurgical 
treatment, kyphosis progression, significant 
back pain, radicular symptoms and 
exhaustion due to effort to maintain upright 
stance. The goals of surgery are to achieve a 
solid fusion with a balanced spine in both 
sagittal and coronal planes, relieve pain, and 
prevent progression of imbalance. Several 
studies have shown that adequate 
restoration of sagittal plane alignment is 
necessary to significantly improve clinical 
outcome and avoid pseudarthrosis[16,17].
Prior to surgery, the patient should be 
evaluated for risk factors such as pulmonary 
and cardiac disease, osteoporosis, smoking, 
and malnutrition. Careful consideration 
should be given to especially elderly patients 
due to higher incidence of pseudarthrosis 
and complications[17,18]. Relative 
contraindications to major spinal 
reconstructive surgery include psychiatric 
disease, uncontrolled diabetes, osteoporosis, 
substantial cardiopulmonary disease, and 
poor family or social support[19]. 
Flexibility of the spine should be assessed 
radiologically using long-cassette standing 
and supine AP and lateral radiographs and 
lateral dynamic flexion and extension 
radiographs. Patients’  standing sagittal 

Figure 1: Normal thoracic kyphosis(TK) should range between 10° and 
40° (T4-T12) while the lumbar lordosis(LL) should range between 40° to 
60° (L1-S1) [1]. Sagittal balance is determined by the C7 plumb line which 
is a vertical line drawn from the center of the C7 vertebral body running 
downwards. Normally C7 plumb line passes within a few millimeters of the 
posterior-superior corner of S1.

Figure 2: Schematic representation of the neutral sagittal balance, positive 
and negative imbalance of the spine in accordance with the location of the 
sagittal vertical axis (SVA) with respect to the posterior-superior corner of 
the S1 endplate.
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imbalance may decrease in supine or prone 
position due to mobile segments. 
Bridwell[20] classified spinal deformities 
into three categories based on curve 
flexibility: totally flexible, partially flexible 
through mobile segments, and fixed 
deformity with no correction in the 
recumbent position. 
Flexible deformities can be addressed with 
anterior-posterior or posterior only surgery 
not requiring any osteotomy[6]. Sagittal 
balance is improved by lengthening the 
anterior column, either through an anterior 

or a posterior approach, using cages, 
structural allograft or autograft. The 
posterior column is then shortened with 
laminectomies (when there is evidence of 
stenosis), facetectomies and fusion with 
compression instrumentation to correct 
kyphosis.
Fixed deformities can be managed by 
anterior-only, combined anterior and 
posterior or posterior-only approaches. 
Spinal osteotomies like the Smith-Petersen 
osteotomy[SPO], pedicle subtraction 
osteotomy [PSO], and vertebral column 
resection[VCR] are often employed to 
correct the stiff apical kyphotic segment. 
The amount of correction needed 
determines the type of osteotomy warranted 
(Fig. 4). With recent advances in 
instrumentation and techniques, posterior-
only approaches have become more 
popular. Numerous studies support the 
safety and efficacy of a posterior-only 
approach for the treatment of most spinal 

deformities[21,22]. Fusion across the L5-S1 
junction is mandatory in the presence of 
lumbosacral pathology, such as 
postlaminectomy defects, lumbar spinal 
stenosis, oblique take-off of L5, and L5-S1 
disc degeneration to reduce the risk of 
pseudoathrosis and loss of fixation[22].

Smith-Petersen Osteotomy [SPO]
In 1945, Smith-Petersen and associates[23] 
were the first to describe a posterior 
osteotomy for correction of fixed sagittal 
deformity in patients with rheumatoid 
arthritis. In 1946, La Chapelle[24] 
described a modification of Smith-Petersen’s 
technique by adding an anterior release in a 
case of ankylosing spondylitis. The use of 
this osteotomy for the treatment of flat back 
deformity was first reported by Moe and 
Denis in 1977[25]. In 1984 Ponte[26] 
described multiple chevron osteotomies 
with spinal instrumentation in a patient 
with Scheuermann’s disease.

Figure 3: Compensation of spinal imbalance in 
degenerative spinal disorders. a. Normal balance; 
b. Loss of lumbar lordosis and sagittal imbalance 
compensated by pelvis retroversion; c. 
Neuromuscular control and pelvis retroversion 
are not sufficient to compensate sagittal 
imbalance, and the patient bends knees in order 
to bring back as posteriorly as possible the C7 
plumb line. HE hip extension, FOV femur 
obliquity with vertical[11].

Figure 4: Deformity flexibility and the amount of correction needed are critical aspects that 
determine the surgical procedure needed. Author's proposed flow chart for the surgical management 
of adult positive sagittal imbalance. SPO is Smith-Petersen osteotomy, PSO is pedicle subtraction 
osteotomy, and VCR is vertebral column resection.

Figure 5: Smith-Peterson Osteotomy.
Figure 6: Parts of bony resection for pedicle subtraction osteotomy (left) and 
posterior closing wedge for correction of kyphosis (right)
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The surgical technique involves removal of 
all the posterior ligaments (supraspinous, 
interspinous, and ligamentum flavum) and 
facets to produce a posterior release. 
Dissection is then performed laterally to 
decompress the nerve roots. The lamina is 
beveled to allow sufficient room for the dura 
and nerve roots after closure of the 
osteotomy. The osteotomy hinges at the 
posterior border of the vertebral body and 
creates hyperextension by closing the 
posterior elements and opening the anterior 
elements providing sagittal plane 
realignment. Posterior segmental pedicle 
screw instrumentation is used to maintain 
closure of the osteotomy (Fig. 5). It should 
be emphasized that either a mobile disc or 
an anterior release is required to allow 
lengthening of the anterior column. 
The SPO should be considered for patients 
with C7 plumb line that is less than 7 cm 
positive[27]. Amount of correction 
provided by a single SPO is in the range of 
4-10° depending on the disc height and the 
mobility of the disc. One degree of 
correction is usually achieved per millimeter 
of bone resected posteriorly[27]. The SPO 
is technically easier and safer than other 
osteotomies offering a reduction in 
operative time, blood loss and risk of 
neurological complications, although 
rupture of the great vessels has been 
reported following anterior-column 
lengthening in an unfortunate case[23].For 
the patient requiring 10° to 20° of lordosis 
or 6-8 cm of correction of the C7 plumb 
line, it is more appropriate to perform 

multiple SPOs than one PSO, unless the 
fixed deformity is fused anteriorly[27]. 

Pedicle-Subtraction osteotomy [PSO]
In 1963, Scudese and Calabro[28] were the 
first to describe a monosegmental 
intravertebral closing wedge posterior 
osteotomy of the lumbar spine. Later, 
Thomasen[29] reported on 11 patients with 
ankylosing spondylitis treated with 
posterior closing wedge osteotomies. In the 
same year, Heining et al[30] described an 
eggshell osteotomy as a variant of the PSO. 

The PSO is performed by removing the 
posterior elements and both pedicles, 
performing a transpedicular V shaped 
wedge osteotomy of the vertebral body, and 
closing the osteotomy by hinging on the 

anterior cortex (Fig. 6) achieving bone-on-
bone contact in the posterior, middle, and 
anterior columns[31]. Central canal 
enlargement is critical to avoid neurologic 
injury during closure of the osteotomy. 
Posterior segmental pedicle screw 
instrumentation is used to maintain the 
correction. Instrumentation of at least three 
vertebral levels above and below the 
osteotomy is recommended[32].
The PSO has the advantage of obtaining 
correction through all the three spinal 
columns, while the posterior and middle 
columns shorten, this osteotomy does not 
lengthen the anterior column avoiding 
stretch on the major vessels and viscera 
anterior to the spine[33]. An average of 30º 
to 40º correction can be achieved with one 
level PSO[34]. The ideal candidates for a 
PSO are patients with a fixed sagittal 
imbalance of more than 10 cm and those 
patients who have circumferential fusion 
along multiple segments, which would 
contradict multiple SPOs(Fig. 7)[27].

Although PSOs are more technically 
demanding and more prone to 
complications than SPOs, PSOs provide 
satisfactory clinical and radiologic outcomes 
in long-term follow-up. Kim et al[34] in a 
series of 35 PSOs reported their good 
results with 87% patient satisfaction and 
69% restoration of function after more than 
5 years of follow-up. Cho et al[35] 
compared one level of PSO with three levels 
of SPOs in their study and reported that an 
average total kyphosis correction was 31.7º 

Figure 7: 32F with ankylosing spondylitis presented with sagittal imbalance of 19 cms. A single PSO at L4 
was adequate to regain sagittal balance. Since the PSO was planned distally, Sacro-Iliac fixation was used to 
augment distal fixation. Anterior L34 and L45 fusion was done to reduce the incidence of pseudoarthrosis 
and distal implant failure. Satisfactory sagittal balance was restored post-operatively.

Figure 8: VCR steps. A. Pedicle screws are inserted before the osteotomy is performed. B. A temporary rod 
is placed to bridge the anterior resection before beginning the posterior osteotomies to provide stability 
and reduce the chances of sudden spinal translation. C. The anterior column is reconstructed with 
tricortical iliac crest strut graft or a metal cage filled with cancellous bone. Realignment is achieved when 
the pedicle screws are compressed to close the posterior column over anterior cage.
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Figure 9: VCR steps using combined anterior and posterior approach in a healed tuberculosis case with positive 
sagittal imbalance. Anterior corpectomy and release was followed by posterior decompression, facetectomies and 
pedicle screw fixation and deformity correction. Anterior corpectomy defect was reconstructed with tri-cortical 
iliac crest strut graft stabilized with additional anterior instrumentation.

for PSO group and the improvement in the 
sagittal imbalance (11.2 ± 7.2 cm) was much 
better than multiple SPOs. Blood loss was 
significantly higher in PSO group but there 
was no statistical difference between one 
level PSO and three levels of SPO groups 
with respect to operating times. Regarding 
neurological complications, Buchowski et 
al[36] reported a postoperative immediate 
neurological deficit rate of 11.1% which 
subsequently reduced to 2.8% during follow 
up. Deficits were mostly unilateral and never 
proximal to osteotomy site, often did not 
correspond to the level of osteotomy, and 
surprisingly were not detected by 
neuromonitoring[36]. 

Vertebral Column Resection [VCR]
VCR was first described in 1922 by 
MacLennan[37] as a combined anterior and 
posterior procedure and was popularized by 
Bradford and Tribus[38] as a method of 
correcting severe coronal deformity and 
combined coronal and sagittal deformity. It 
is indicated in rigid severe deformities of the 
spine such as congenital kyphosis, rigid 
multiplanar deformities, sharp angulated 
deformities, posttraumatic deformities and 
spondyloptosis. 
The VCR technique is a challenging 
procedure involving the complete resection 
of the posterior elements and the vertebral 
body including adjacent discs of one or 
more levels (Fig. 8) providing controlled 
manipulation of both the anterior and 
posterior columns simultaneously. It can be 

performed using either combined anterior 
and posterior approaches or a posterior-only 
approach[39]. Of all the spinal osteotomies, 
VCR provides the greatest amount of 
correction. Suk et al[40] reported a 
correction of 61.9� in the coronal plane and 
45.2� in the sagittal plane in their series of 
70 patients after VCR. In their series of 35 
patients, Lenke[41] reported major curve 
improvements of 55� in global kyphosis 
cases, 58� in angular kyphosis cases and 54o 
in kyphoscoliosis cases after VCR.

Vertebral column resection through a 
posterior-only [PVCR] approach has 
become popular in the recent years. Suk[40] 
and Lenke[41] popularized the use of 
PVCR for severe deformities of the spinal 
column. PVCR enables simultaneous 
manipulation and control of both anterior 
and posterior spinal columns and thus 
provides better correction than other types 
of osteotomies. It is a single procedure 
compared to combined anterior and 
posterior VCR, reducing the total operating 
time and the amount of blood loss and also 
avoiding opening of the thoracic cage and 
pleura. Avoiding anterior surgery may be 
very beneficial for patients with severe 
pulmonary function compromise because of 
severe thoracic deformity[27]. Inspite of all 
advantages, PVCR is a technically 
demanding procedure.
One major concern with PVCR is the 
potential for neurologic complications, 
which may result from direct neurologic 

injury during bone resection or 
deformity correction. Neurologic 
complications may also result from 
subluxation of the spinal column, dural 
buckling and compression of the spinal 
cord by residual bone or soft tissues in 
the canal after correction[27].  Suk[40] 
reported a 34.3% overall rate of 
complications and a 17.1% rate of 
neurological complications. Lenke[41] 
reported a similar 40% overall rate of 
complications and an 11.4% rate for 
neurological complications. 
Hamzaoglu[39] reported neurological 
complications of 7.84%. 

With rising life expectancy the number of 
patients seeking consultation for pain 
due to sagittal imbalance is increasing. In 
the absence of effective conservative 
measures, the patient seeking surgical 
remedies are on rise. Selecting the 
appropriate surgical technique to achieve 
spinal balance is crucial to success. SPO, 
PSO and VCR all play an important role 
in the armamentarium of the spine 
deformity surgeon. However, each of 
these procedures are technically 
demanding and carries a certain amount 
of risks. Appropriate preoperative 
optimization of the patient as well as 
preoperative surgical planning are critical 
in order to avoid potential complications. 
Surgical achievement of the ideal 
spinopelvic alignment parameters is the 
desired goal. Nevertheless, even a partial 
improvement in these parameters is very 
likely to translate into substantial clinical 
benefits. 

Conclusions
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