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Adolescent idiopathic scoliosis (AIS) has been defined by the Scoliosis Research 

Society (SRS) as coronal spinal curvature 10 degrees or greater on standing 

anteroposterior (AP) radiographs using the Cobb method in a patient between 10 and 

18 years old.

Curves less than 10 degrees are considered a normal variant or can be postural; 

therefore, a diagnosis of scoliosis should be avoided, and additional radiographic 

follow-up is typically unnecessary .

More important, although AIS is primarily characterized on the coronal spinal 

curvature, the deformity is threedimensional with components of axial vertebral 

rotation as well as changes in the sagittal plane with thoracic hypokyphosis. 

Epidemiology

In AIS, a thoracic curve with an apex toward the right is the most common deformity 

pattern.1 Based on the SRS criteria, the prevalence of AIS in the at-risk population 

(children >10 years of age) is approximately 2% to 3%.

However, curves greater than 20 degrees occur in approximately 0.3% to 0.5%, and 

larger curves are even less common, with curves of more than 40 degrees occurring 

in less than 0.1%. 

The major risk factors for curve progression include future growth potential 

(based on skeletal maturity), curve magnitude at the time of diagnosis, female 

gender, and family history of severe scoliosis. 



Physiology of ASD :

The “cone of economy  ”describ ed by  Dubousset  further describes this 

principle of optimal standing alignment  as a hypothetical cone projecting 

upward from the feet

Within the center of the cone, the individual may remain in a balanced, erect

position



Deviations from the center of the cone require increasingly greater energy 

expenditure to maintain a standing posture, until ultimately ,deviation outside the 

periphery of the cone results in an inability to stand upright

Spinal deformity  can cause a shift in the center of gravity  away from the center of

the cone and lead to fatigability, pain, and disability

The normal adult vertebra has four curves in thesagittal plane: kyphosis in the 

thoracic and sacral regions and lordosis in the cervical and lumbar areas

In the coronal plane the spinal column assumes a straight alignment with the 

exception of a slight right curve in the thoracic area

These curvatures, along with balanced spinopelvic alignment , allow for a comfortale

erect posture with minimal energy expenditure



spinopelvic parameters are of particular importance due to their impact on spinal

alignment:
pelvic incidence (PI ), pelvic tilt  (PT), and sacral slope (SS). PI , the angle 

between the midpoint  of the femoral heads and that of the sacral end plate, is a

morphologic parameter that becomes fixed at the time of skeletal maturity . PT , 

a measure of pelvic retroversion,can increase to compensate for positive 

(forward)sagittal malalignment in order to bring the head back over the pelvis and 

feet at the cost of increased energy expenditure. SS, the angle between a 

horizontal reference line and the sacral end plate, varies as a function of PI and 

PT



Etiology

The most common theory of curve progression in immature patients is the Hueter-

Volkmann mechanism, which describes how the initial development of a small 

curve is further exacerbated by mechanical overload of the growth cartilage and 

end plate on the concave side that inhibits growth, and tension on the convex side 

that stimulates growth, leading to curve progression.

Scoliosis is strongly familial, with approximately 30% of AIS patients having some 

family history , and studies of pedigree and specific populations have attempted 

to define the role of genetic factors in the development and progression of AIS.

Therefore, the possible role of genetic testing would be to help predict either the 

probability of curve progression to a severity requiring surgical treatment or the 

probability of no significant curve progression with observation only , thus 

preventing unnecessary radiographs and bracing for both groups.

A validated genetic test would allow improved clinical decision making, 

personalized treatment, and potentially more effective care with lowered costs. 



Natural History

Studies have shown that some patients can have curves that progress as 

rapidly as 2 degrees per month during the curve acceleration phase or peak 

height velocity (PHV), but curve progression significantly slows when 

approaching skeletal maturity and completion of growth.

Therefore, assessment of skeletal maturity is an important aspect of the 

evaluation and treatment of AIS.

After skeletal maturity ; studies demonstrated that larger curves continue to 

progress in adulthood, particularly thoracic curves greater than 50 degrees 

and lumbar curves greater than 30 degrees.  



Back pain was more frequent in adult patients with untreated AIS (77%) compared 

with age-matched controls (37%) but was unrelated to curve type or severity , with 

minimal difference in functional and physical disability between the two groups.

There was also no significant increase in mortality of 117 untreated AIS patients 

compared with age-matched controls at 50-year follow-up.

However, AIS infrequently causes significant restrictive pulmonary problems and is 

a greater concern in patients with infantile or juvenile scoliosis, who have been 

found to have a mortality nearly 2 times higher compared with the general 

population.

Weinstein and colleagues, found pulmonary failure in patients with thoracic curves 

greater than 100 to 140 degrees, with smoking as an independent risk factor for 

worse pulmonary function. 



Evaluation

History 

General health assessment should be performed, noting any other medical 

conditions, and a birth and developmental history should also be obtained. 



Physical Examination



Clinical Evaluation of ASD :
History and Physical Examination:

Adults with symptomatic spinal deformity characteristically present with 

both pain and disability

A broad spectrum of symptoms may occur in adults with spinal deformity.

Patients may present with back pain, radicular pain, and/or neurogenic 

claudication

Radicular pain may indicate a need for focal decompression of specific

nerve roots. Neurological symptoms such as weakness, numbness, and bowel 

or bladder dysfunction should be inquired about ,because they can indicate 

an acute problem that requires more urgent evaluation and treatment

History of prior spine surgery or spinal procedures should be elicited, as well 

as the presence of medical conditions such as osteoporosis/osteopenia.It is 

important to assess the need for evaluation of pulmonary and cardiac 

function,because surgery to correct spinal deformity is often substantial 

and, as such, constitutes a major physiologic stress for the patient



Physical Examination

Physical examination of the patient with a spinal deformity should include an

evaluation of posture in sequential supine, sitting, standing, and ambulatory 

positions (gait assessment )

Supine evaluation is particularly important in individuals presenting with forward 

flexion while standing or during ambulation,because it can help differentiate 

between fixed and flexible positive sagittal malalignment, a difference that can 

have substantial implications for surgical planning. Comparison of upright  and 

supine imaging can help determine flexibility of the deformity and also detect  

positional deformities such as camptocormia,which may develop in patients with 

Parkinson's disease

Patients with positive sagittal malalignment may assume a crouched position 

while standing or walking to facilitate pelvic retroversion, a compensatory  

mechanism to help maintain an upright posture

. Consequently, hip flexion contractures may develop from chronic pelvic 

retroversion in such patients, complicating both surgical planning and

recovery after successful realignment surgery



Thomas leg raise test



Imaging

standing 36-inch AP and lateral radiographs that include the cervicothoracic

junction and entire pelvis. 

The magnitude of the coronal curvature should be measured on the AP 

radiograph and sagittal curvature measured on the lateral radiograph using 

the Cobb method.

The Cobb method measures the angle of a curve by drawing a line parallel to 

the superior end plate (SEP) of the most cephalad vertebra and a line parallel 

to the inferior end plate (IEP) of the most caudad vertebra. 

The most cephalad and caudad vertebrae of a curve are identified as the 

vertebrae that are most tilted horizontally toward the concavity of the curve.

The radiographs should also be carefully assessed for evidence of other 

vertebral column abnormalities, concomitant spondylolisthesis, dysraphism, 

and unusual osseous lucencies or soft tissue opacities/densities indicating the 

presence of tumor. Finally , the involved spinal levels, direction of the major 

curve apex (right or left, kyphosis or lordosis), the degree of rotation of the 

vertebrae (which is assessed through asymmetry of the pedicles on the AP 

radiograph), and estimation of skeletal maturity should be documented. 



The most common radiographic surrogate for assessing skeletal maturity is the 

Risser staging system, based on the appearance and ossification of the iliac 

apophysis.

The Risser stages range from 0 to 5, with stage 0 occurring before ossification of 

the iliac apophysis and stage 5 occurring after complete apophysis ossification 

and fusion to the ilium. Stages 1 through 4 are determined by ossification of the 

apophysis in sequential quarters of the ilium: 25%, 50%, 75% and 100%, 

respectively .

The beginning of puberty is estimated to correlate with the appearance of the 

iliac apophysis (Risser stage 1), and completion of spinal growth correlates with 

Risser stage 4.

Follow-up imaging should occur at periodic intervals every 6 months until skeletal 

maturity .

Subsequent imaging studies should attempt to minimize radiation with 

appropriate gonadal shielding, and some surgeons, despite the reduced image 

quality and parallax, recommend a posteroanterior technique to decrease breast 

radiation for female patients.



Lateral radiographs are avoided during follow-up imaging because of radiation dose 

and are typically performed during the initial evaluation, if there are any changes 

in symptoms, preoperatively if surgery is indicated and at postoperative follow-up 

examinations to assess maintenance of alignment and instrumentation.

Also, if bracing has been prescribed, the patient should have a radiograph in the 

brace at the initiation of treatment and with any significant brace modifications to 

ensure the brace is effective and achieving some correction of the curve.

If surgical treatment is ultimately warranted, determining curve flexibility is an 

important component of curve analysis and classification and surgical decision 

making. Various techniques are commonly used to determine the flexibility or 

rigidity of the curves and the structural nature of each curve for inclusion in the 

fusion construct. Bending radiograph techniques include supine lateral bending, 

supine traction, fulcrum lateral, push-prone, and intraoperative traction under 

general anesthesia.

Certain pathologies such as concomitant spondylolysis or primary bone tumors 

(particularly osteoid osteoma) may be best defined using a single-photon emission 

CT or CT scan.





Radiographic Evaluation of ASD

Imaging of an individual with suspected spinal deformity should include 

upright posteroanterior(PA) and lateral 36inch radiographs of the entire 

spinopelvic axis.
The radiographs should capture the C7 vertebra and both femoral heads to 

enable necessary measurements in the sagittal and coronal planes. Such 

measurements allow for quantification of deformity severity and assessment  

of deformity progression from prior visitations and also provide data that can 

be used to calculate the amount of correction needed to restore spinopelvic

alignment . By convention, PA  and lateral radiographs are viewed with the 

patient's heart on the left side, and with the patient facing to the right , 

respectively

The degree of coronal deformity is measured on a PA radiograph. Coronal

imbalance is measured as the distance between the vertical line bisecting the 

center of the C7 vertebral body (C7 plumb line [C7PL]), with the vertical line 

bisecting the sacrum (central sacral vertical line [CSVL]). The patient is said to 

have a positive,negative,or neutral coronal alignment if the C7PL  is to the 

right of, to the left of, or is superimposed on the CSVL, respectively





The location of a coronal curvature apex is defined by the vertebral body or disk 

segment maximally displaced from the midline and minimally angulated

A deformity is termed thoracolumbar if the apex is the intervertebral disk 

between T12 and L1, thoracic if the apex is superior to the T12- L1 disk, or lumbar 

if inferior to the T12- L1 disk. The deformity is further described as dextroscoliotic

or levoscoliotic if the apex is to the right or left of midline, respectively.Two or 

more curves are often described in patients with coronal deformity. The major 

curve is the largest curve in the coronal plane, and the minor curve(s) is (are) the 

smaller curve(s) connecting the major curve to the remainder of the spine. Minor 

curves are termed compensatory if they

have developed as a result  of the major curv e in order to help restore coronal

alignment or structural if they were formed with the major curve as part of the

primary deformity. It is important to distinguish between the two types of minor

curves because compensatory curves may resolve spontaneously after surgical

correction of the major curve whereas structural curves generally do not. 

Sidebending radiographs are important for the evaluation of idiopathic scoliosis in

adolescents and young adults. In these patients side-bending radiographs can 

demonstrate the flexibility of compensatory curves, with an ability to reduce to a

Cobb angle less than 25 degrees. Structural curves are stiff and do not correct to 

an angle less than 25 degrees.



Patients with significant coronal imbalance may  

also have an associated pelvic angulation in the 

coronal plane termed pelvic  obliquity.It is 

measured as the angle formed by the bisection 

of the pelvic coronal reference line (drawn 

between the two inferior points of the sacral ala 

on a posteroanterior [PA] radiograph) and the

horizontal reference line, or as the distance 

from the femoral horizontal reference

line to the top of the femoral head



The degree of sagittal deformity is measured on a right-facing, standing 

fulllength lateral radiograph. The sagittal vertical axis (SVA) is a measure of 

global sagittal alignment; it is calculated as the horizontal distance between 

the C7PL  and the vertical line “drawn” through the posterior superior corner 

of the S1 vertebral body



If the C7PL falls to the right of, to the left  of, or directly on the posterior superior 

corner of the sacrum, the sagittal imbalance is designated as positive,negative,or 

neutral, respectively. Thoracic kyphosis (TK), thoracolumbar junction alignment  

(TLA),and LL  are measures of regional sagit tal alignment , and are commonly  

used for evaluation of sagittal deformity



Pelvic incidence is a 

morphologic parameter that 

reaches a fixed angle upon 

skeletal maturity

intersection of a 

vertical line 

passing through 

the midpoint of 

the femoral 

head

with a line 

connecting the 

midpoint of the 

femoral head to 

the midpoint of 

the sacral end 

plate

The SS is the angle created from the intersection of a

line “drawn” along the sacral end plate to a horizontal 

reference line



A mathematical relationship exists among the spinopelvic parameters,that is,

PI  =PT + SS

Evaluation of pelvic parameters is important for surgical evaluation of sagittal 

malalignment.
Evaluation of only  SVA  and sagittal Cobb angles can lead to

under- correction of sagittal deformity if the patient is compensating through 

pelvic retroversion



The Cobb angl e is used to measure the degree of curvature of the minor and major

curves.The maximally  tilted vertebral bodies on the superior and inferior aspects

of the apex are selected for Cobb angle measurement . Lines are drawn across the

inferior end plate of the superior vertebral body and across the superior end plate

of the inferior vertebral body . Two additional lines are then drawn, perpendicular 

to those from the end plates. The angle of bisection of the perpendicular lines is the

Cobb angle





Global spinal radiographs are often compared in the standing and supine positions 

to determine the rigidity of the deformity. Additional views may be obtained aside 

from PA and lateral to better visualize spinal structures such as the pars 

interarticularis (ob lique view ), sacrum (Ferguson view ), or pedicles (Stagnara

or Leeds view ). MRI  of the spine is obtained whenev er there is a question of

neurologic compromise, because it can visualize soft tissue, disk disease,
spondylotic changes, and intraspinal anomalies. CT my elography  provides

excellent  bony  detail, can identify  blockages of cerebrospinal fluid (CSF) flow  

and tends to be less subject to artifact from metallic implants than MRI .It is 

therefore particularly useful in the setting of revision surgery , especially  in cases 

in which instrumentation has been placed.



classification

















The lumbar modifier is determined by drawing a vertical line from the center of 

the sacrum (CSVL). Lumbar modifier A is designated if this line lies between the 

pedicles at the apical level of the lumbar curve

Lumbar modifier B is designated if this line touches the apical vertebral pedicle.

Lumbar modifier C is designated if this line does not touch any part of the apical 

vertebral body or pedicle. 









The Scoliosis Research Society –Schwab (SRS- Schwab )55 classification system 

constitutes a highly reliable, and validated system for ASD. It consists of coronal 

curve types and three sagittal modifiers

Classification of ASD



Curve type is determined with use of the standard Cobb technique to measure the 

maximal angle of each curve in the coronal plane and classify them by location 

and magnitude 

The first sagittal modifier, PI −LL, constitutes the difference between PI and LL and is of 

critical importance in surgical planning because the amount of postoperative LL required to

restorealignment influences the location and type of osteotomy or osteotomies

required.The second modifier, SVA, represents the global sagittal spinal alignment .

PT, the third modifier, must be considered because as discussed previously increased PT is a 

compensatory  mechanism that  can decrease the apparent degree of sagittal malalignment

Even in patients with similar SVA values, those with higher PT values have higher pain and 

disability scores and a greater risk of failure of surgical treatment .

Cutoff values for the sagittal modifiers were determined with use of HRQOL analysis from a 

multicenter database of adult  patients with spinal deformity ,further strengthening the 

clinical relevance of the SRS-Schwab ASD classification. Other advantages include its high 

intrarater and interrater reliability scores,which emphasize its ease of use and consistency .



Observation

Observation is recommended for AIS patients who are

skeletally immature 

major curve less than 25 degrees and for

adolescents who are nearing skeletal maturity that have a major curve less than 

40 to 45 degrees.

Some surgeons may consider continued interval radiographic assessment even after 

skeletal growth is completed for patients with curves approaching 40 to 45 degrees 

to ensure the curve does not progress into adulthood.

Bracing 

Bracing is generally initiated for

1- skeletally immature AIS patients with curves over 25 degrees on initial 

presentation and for

2- patients with greater than 5 degrees of documented curve progression over a 6-

month interval or progression to a magnitude greater than 25 degrees.



Bracing may also be considered in young patients with significant remaining 

growth potential and curve magnitudes approaching 40 to 45 degrees, with the 

purpose of halting or slowing curve progression to allow continued and maximal 

skeletal and thoracic cavity growth before surgical treatment.

Brace wear should be continued until skeletal growth is complete, which is 

determined by

1- unchanged height during a 6-month interval,

2- Risser stage 4 (females) or stage 5 (males), or

3- typically 2 years after onset of menses in females.

Results of bracing

Bracing compared to observation significantly decreased the progression of high-risk 

curves to the threshold for surgery (greater than 50 degrees).

The study also found a significant positive association between hours of brace wear 

and rate of treatment success, and compliance over 13 waking hours of the day was 

recommended. This is similar to previous studies that recommended at least 12 hours 

per day of brace wear (part-time wear) to optimize patient compliance and 

treatment effect and to allow removal of the brace for sporting activities.



Treatment is considered successful even if there is slight curve progression as long as 

the patient reaches skeletal maturity and the curve does not progress to a surgical 

magnitude.

Ideal brace management should achieve about 50% curve correction in the brace and 

improves prognosis for successful treatment.

Surgical Treatment 
Only about 10% of patients diagnosed with AIS eventually require surgical treatment. 

INDICATIONS

Although surgery is often considered after a course of failed nonoperative management 

(observation versus bracing), with interval radiographic assessment demonstrating 

curve progression.

Surgical treatment with spinal fusion is generally recommended in the skeletally 

immature child with curve magnitude greater than 40 to 45 degrees or in the child 

nearing skeletal maturity with continued progression and curve magnitude approaching 

or greater than 50 degrees .

Primary goal in the surgical treatment : achieving solid fusion to prevent curve 

progression.



Other important goals include

1-Achieving an appropriate amount of curve correction while minimizing the number of 

fusion levels,

2- Optimizing spinal balance with the head centered over the pelvis, 

3- Preventing postoperative deformity progression 

Primary goal in the surgical treatment : achieving solid fusion to prevent curve 

progression.

Other important goals include

1-Achieving an appropriate amount of curve correction while minimizing the number of 

fusion levels,

2- Optimizing spinal balance with the head centered over the pelvis, 

3- Preventing postoperative deformity progression .

To achieve the goals of surgical treatment, the most important step in surgical decision 

making is selection of the vertebral levels to be included in the fusion construct and 

the surgical approach.



With inadequate planning and a failure to understand the complex three-dimensional 

characteristics of each patient's deformity , the use of inappropriate correction 

maneuvers and selection of incorrect fusion levels may result in problems such as 

adding-on, decompensation, shoulder imbalance, or junctional kyphosis.

However, indiscriminate inclusion of vertebral segments in a fusion construct may 

lead to unnecessary loss of motion segments and increased risk for adjacent segment 

pathology , which is of particular concern in the lower lumbar spine.

Also, fusion of extraneous vertebral segments involves increased surgical time, 

instrumentation costs, and possibly risk for pseudarthrosis. The surgeon should also 

be mindful when performing correction maneuvers to avoid undercorrection or 

overcorrection of various curves within the deformity , with focus on maintaining 

global alignment, balance of the spinal column, and optimizing shoulder balance.



Therefore, the basic tenets in determining fusion levels are

1- To include structural curves in the fusion construct

2-Exclude compensatory and nonstructural curves

3- Avoid stopping the fusion construct at the apex of a curve or region of 

hyperkyphosis or hypokyphosis

4- Avoid fusion of distal lumbar segments when possible.

Also, in the previously discussed Lenke classification, the major curve (largest

structural curve in the deformity) and minor structural curves are typically included 

within the fusion construct .

Compensatory and nonstructural in  lumbar curves demonstrate more spontaneous 

correction in the coronal plane and in the axial plane after selective thoracic fusion 

compared with thoracic curve .

This spontaneous correction allows the surgeon in certain curve patterns to perform a 

selective fusion, which is the inclusion of only the major structural curve (or only one 

of two curves that cross the midline) within the fusion construct.







lowest instrumented vertebra (LIV)???

Various authors believe that saving at least three distal vertebral segments improves 

long-term outcomes.

In addition, some authors have found a correlation between distal fusion level and 

the severity of back pain and progression of disk degeneration. 

The Lenke classification provides some guidance for selecting the LIV and is based on 

curve rigidity , lumbar modifier, and characteristics (axial plane rotation, disk tilt) of 

the caudal lumbar level.

Typically , the lumbar curve is included in the fusion construct with the stable 

vertebra as the caudal level for Lenke type 3 through 6 curves,

Lenke type 1 and 2 curves with a C lumbar modifier are included if there is significant 

amount of1- apical vertebral wedging,2- apical vertebral translation and 

rotation (lumbar curve crosses the midline), or3- clinical truncal translation 

and rotation.

For Lenke type 1 and 2 curves with an A lumbar modifier, the LIV is selected as the 

most cephalad vertebra that is touched by the center sacral vertebral line.



upper instrumented vertebra (UIV)???

The main concerns are

shoulder imbalance,

proximal curve progression,

proximal junctional kyphosis.

The selection of the UIV can be divided into fusion to T2 (inclusion of the entire PT 

curve), fusion to T3 (partial inclusion of the PT curve), and fusion to T4 or T5 

(excluding the PT curve).

Fusion of the entire PT curve if the T1 tilt and shoulder imbalance are angled in the 

same direction (right T1 tilt, right shoulder depressed, left shoulder elevation) 

because correction of the main thoracic curve would lead to worsening of the 

shoulder balance. 

However, if the T1 tilt and shoulder imbalance are angled in different directions (left 

T1 tilt, right shoulder depressed, left shoulder elevation), then partial inclusion of 

the PT will lead to satisfactory results. 



Another approach recommended by Kuklo and colleagues is the use of the clavicle 

angle, which is the intersection of a line connecting the highest two points of each 

clavicle and a horizontal line (parallel to the ground).

The authors found that a positive clavicle angle, which indicates elevation of the left 

shoulder, necessitates either complete or partial fusion of the PT curve to prevent 

decompensation or shoulder imbalance.



Surgical Planning and Treatment of ASD
The general goal of surgery for ASD is to reduce pain and disability through restoration 

of coronal and sagittal spinal alignment , and through decompression of

the neural elements when indicated. As previously noted, positive sagittal 

malalignment is strongly correlated with paient outcome and therefore its correction 

is a critical consideration in operative planning. Postoperative HRQOL scores are 

directly correlated with the degree of SVA and PT correction,with the goals of surgical 

correction generally including an SVA less than 50 mm and a PT less than 20 degrees. A  

major principle of adult deformity surgery is to perform a

sufficient release of bone and soft tissue to permit realignment of the spine without 

undueforce. These releases can range from partial facet joint resection to aggressive 

three- column osteotomies for correction of sagittal and coronal alignment.

The aim is to correct malalignment as much as required while avoiding(when 

possible) aggressive and, hence potentially riskier, three- column osteotomy

procedures. The extent of osteotomy  corresponds to the extent of b one resection,

with destabilization increasing with greater extent of both





Mathematical formulas have been reported to help estimate the amount of correction 

needed in the patient undergoing an osteotomy for positive sagittal malalignmen



A comparative analysis of five formulas used to predict  postoperative SVA after 

pedicle subtraction osteotomy (PSO) found that if a formula did not take into 

account spinopelvic parameters, such as PT , it was relatively inaccurate in 

predicting whether the PSO would be successful in achieving a postoperative SVA  

less than 50 mm.

Of the formulas reviewed, that developed by Lafage and colleagues, which 

incorporated spinopelvic parameters and compensatory mechanisms, had the best 

(89%) overall prediction accuracy (predicting good and poor postoperative SVA) 

based on a patient's preoperative radiograph



In order of increasing complexity and invasiveness,Smith- Peterson osteotomy(SPO), 

PSO, and vertebral column resection (VCR) are all osteotomies used to increase lumbar 

lordosis in patients with sagittal plane deformity .The choice of osteotomy depends on 

the flexibility of the deformity ,extent of desired sagittal correction, and number of 

levels over which the correct ion is desired.

The least aggressive is the SPO. It involves removing the facet joints and interspinous

ligament at agiven segment to allow posterior tilting of the vertebra (shortening of

the posterior column and lengthening of the anterior column). An SPO can provide

approximately 10 degrees of lordosis per level involved.Itis best suited for moderate 

sagittal imbalance (SVA < 8 cm) and/or for correction of smooth kyphotic deformity  

that occurs over several segments. An SPO requires that the disk space be flexible (i.e., 

not  fused) at  the level at which it is performed. A PSO entails removal of all posterior 

elements of the vertebrae, including the spinous process,

lamina, facet joints, and pedicle, in addition to a posterior wedge of bone in the 

vertebral body



A PSO provides approximately 30 degrees of corrective lordosis. It is a technically  

demanding procedure with significant risk of hemorrhage from disruption of 

cancellous bone and the epidural venous plexus.

PSO is usually performed below the conus to reduce the risk of neural element

compromise, although it can be performed in the cervical and thoracic regions if

necessary . PSO is often used for more severe sagittal malalignment (>8 cm), for

treating iatrogenic flat back syndrome, and for deformities lacking anterior column

flexibility.VCR may  be necessary when a large lordotic correction is needed over a

small segment ,such as for sharp angular kyphotic deformities.The most aggressive 

osteotomy ,it  involves complete resection of the posterior elements,entire

vertebral body , and both superior and inferior intervertebral disks. VCR can

provide up to 45 degrees of lordotic correction. It is the most technically 

challenging of the three osteotomies and is associated with the highest 

complication rates



Important surgical adjuncts in ASD to decrease perioperative risk include methods to 

reduce blood loss and neurophysiologic monitoring. Several techniques are available to 

reduce intraoperative blood loss and the risk of requiring transfusions,including

intraoperative blood salvage,recombinant factor VIIa, and antifibrinolytic agents (such as 

aprotinin,tranexamic acid, and ε- aminocaproicacid). Elgafy and associates,reviewing

the literature on the use of such techniques in major spine surgery ,found a high level of 

evidence that antifibrinolytic agents reduce blood loss and transfusion requirements. 

However, there was very low evidence in support of intraoperative blood salvage, 

recombinant factor VIIa,and normovolemic hemodilution in preventing hemorrhage.

A meta- analysis of the efficacy and safety of antifibrinolytics in spine surgery noted that  

patients receiving these agents had less blood loss, lower rates and volume of blood 

transfusion, and no increase in the risk of deep venous thrombosis.

Neurophysiologic monitoring is an integral component of ASD surgery.It is a means to 

assess the functional integrity of neural elements in realtime. Utilizing various modalities 

together , such as somatosensory  evoked potentials,electromyography, and motor 

evoked potentials, capitalizes on their individual strengths to maximize diagnostic 

sensitivity and specificity . The ultimate goal is to alert  the surgeon to ominous changes 

in monitoring so that  adjustments in surgical

technique and/or planning can be made to avoid permanent neurological deficit .



Complications
Smith and coworkers analyzed the Scoliosis Research Society  Morbidity and

Mortality database regarding the complication rates of surgical correction of fixed 

sagittal plane deformity (FSPD) with and without the use of an osteotomy . Overall

complication rates were found to be significantly  higher in procedures including an

osteotomy  (35% versus 17% for no osteotomy ), with a significantly increased rate of

durotomy and new neurological deficit . Among the patients receiving an osteotomy , 

those undergoing PSO had approximately 1.5 times the complication rate of those 

undergoing SPO (39% v ersus 28%, respectively ). Cases involving VCR were associated 

with the highest complication rates (61%).

These complications wound infect ions, hematomas, dural tears, nerve root deficits, 

spinal cord deficits,vision loss, deep venous thrombosis, nonfatal pulmonary emboli, and 

death—were consistent with findings in other related studies.

Of note, mortality  rates were low  and did not  vary  according to whether an 

osteotomy was performed.



Conclusion
Treatment of ASD requires careful consideration of spinal alignment , including

deliberate assessment of the key spinopelvic radiographic parameters. Surgical

planning depends on adequate appreciation of the degree of coronal and sagittal

malalignment as well as any  compensatory  features that  can reduce the apparent

degree of deformity . Selection of the specific surgical techniques and maneuvers to

achieve the desired correction must take into account the increased risk of more 

aggressive maneuvers. Inwell- selected patients, restoring global spinal alignment

can result  in excellent  outcomes as demonstrated by decreased pain and disab ility

as well as improved HRQOL


