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The rapid increase of elderly population has resulted in increased prevalence of adult scoliosis. Adult scoliosis is divided into adult 

idiopathic scoliosis and adult degenerative scoliosis. These two types of scoliosis vary in patient age, curve pattern and clinical symp-

toms, which necessitate different surgical indications and options. Back pain and deformity are major indications for surgery in adult 

idiopathic scoliosis, whereas radiating pain to the legs due to foraminal stenosis is what often requires surgery in adult degenerative 

scoliosis. When selecting a surgical method, major symptoms and underlying medical diseases should be carefully evaluated, not only 

to relieve symptoms but also to minimize postoperative complications. Surgical options for adult degenerative scoliosis include: de-

compression alone; decompression and limited short fusion; and decompression coupled with long fusion and correction of deformity. 

Decompression and limited short fusion can be applied to patients with a small Cobb’s angle and normal sagittal imbalance. For those 

with a large Cobb’s angle and positive sagittal imbalance, long fusion with correction of deformity is required. When long fusion is 

applied, a careful decision regarding the extent of fusion level should be made when selecting L5 or S1 as the distal fusion level and 

T10 or the thoracolumbar junction as the proximal fusion level. For the fusion extending to the sacrum, restoration of sagittal bal-

ance and rigid �xation with additional iliac screws should be considered. Any surgical procedures for adult degenerative scoliosis are 

known to have relatively high occurrences of complications; therefore, risks and bene�ts should be meticulously considered before 

selecting a surgical procedure. 
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Introduction

Adult scoliosis is de�ned as spinal deformity with a scoli-

otic angle of over 10 degrees in skeletally mature patients. 

�e prevalence of adult scoliosis ranges widely from 8.3% 

to 68% of population [1-3], with a higher prevalence oc-

curring among older patients. 

While the main symptom of adolescent scoliosis is de-

formity, the symptoms of adult scoliosis are diverse [4,5]. 

�e main symptoms of adult scoliosis are back pain and 

radiating pain to the legs as well as deformity. Adult sco-

liosis is more o�en accompanied by sagittal and coronal 

imbalance than adolescent scoliosis. Due to the heteroge-

neous conditions, conservative treatment does not e�ec-

tively improve the diverse symptoms. Moreover medical 

co-morbidity such as cardiopulmonary disease may in-

crease perioperative complications, and osteoporosis may 

result in a lack of �rm �xation. 

Classi�cation of Adult Scoliosis

There are two types of adult scoliosis: adult idiopathic 
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scoliosis, which begins during the adolescent period and 

continues throughout adulthood; and adult degenerative 

scoliosis, which develops post-adulthood. Adult degen-

erative scoliosis usually begins around age fifty [4,6,7]. 

�ere are several terms used to describe the two types of 

scoliosis. The former is specifically referred to as adult 

idiopathic scoliosis or progressive idiopathic scoliosis, 

while the latter is termed adult degenerative scoliosis, 

degenerative lumbar scoliosis, de novo  scoliosis and pri-

mary degenerative scoliosis. 

It is difficult to make a clear differentiation between 

the two types of scoliosis. If a patient’s scoliosis begins in 

adolescence, it is categorized as adult idiopathic scoliosis. 

However if the patient does not know exactly when the 

deformity began, the type may not be de�nitively deter-

mined. 

�e di�erences between the two types of scoliosis are 

summarized in Table 1. The average age of patients is 

higher in adult degenerative scoliosis than in idiopathic 

scoliosis. Degenerative changes in the vertebral body and 

discs are more obvious in adult degenerative scoliosis, 

commonly resulting in spinal stenosis. �e Cobb angle is 

generally below 40° in adult degenerative scoliosis, while 

it is much higher in adult idiopathic scoliosis. Indeed 

Grubb et al. [5] reported that the average angle in adult 

degenerative scoliosis was 28°, while it was 52° in idio-

pathic scoliosis. Adult idiopathic scoliosis has a major 

curve as well as compensatory curve similar in size to the 

major curve, while degenerative scoliosis is character-

ized by a curve in the lumbar area and no compensatory 

curve in the thoracic vertebra. Rotatory deformity is 

observed in the entire lumbar spine in adult idiopathic 

scoliosis, whereas it is limited at the apex of the curve in 

adult degenerative scoliosis, accompanied with lateral 

subluxation. Finally sagittal imbalance is more common 

in degenerative scoliosis (Fig. 1).

1. Aebi classi�cation 

Aebi [4] classi�ed adult scoliosis into three major types 

based on the cause of deformity. Type I is primary degen-

erative scoliosis caused by degenerative changes in the 

vertebral disc asymmetry and the posterior articulation. 

Type II is progressive idiopathic scoliosis, which is caused 

by further development of idiopathic scoliosis that started 

before adulthood. Type III is secondary adult scoliosis. 

Type IIIa is caused by extra vertebral causes such as static 

scoliosis or pelvic inclination. Type IIIb is a type of bone 

metabolic disease similar to osteoporotic fracture and 

scoliotic deformity that is caused by weakness of vertebral 

bone. Aebi classification divides types based on causes, 

and helps in planning overall treatment and predicting 

the natural progress of scoliosis. However this method 

does not aid in deciding on the appropriate operation 

method, as it does not re�ect the speci�c features and size 

of the deformity. 

2. Scoliosis Research Society classi�cation 

�e Scoliosis Research Society (SRS) introduced a classi-

�cation system of adult spinal deformity in 2006 [8]. �is 

system categorizes the form of curvature into six di�erent 

types and three modi�ers, referencing the model of King’s 

classification and Lenke classification for adolescent id-

iopathic scoliosis. The system focuses on radiographic 

features of spinal deformity and enables comprehensive 

categorization with inclusion of not only scoliosis, but 

also kyphosis. Nevertheless this method does not aid in 

the selection of an operation method or predicting surgi-

cal results, as the symptoms and age of patients are not 

Table 1. Comparison of adult idiopathic scoliosis with adult degenerative scoliosis

Adult idiopathic scoliosis Adult degenerative scoliosis

Age Younger Older

Spinal stenosis Rare Common

Scoliosis Cobb angle Large Small

Compensatory thoracic curve Common Rare

Rotatatory deformity At entire curve At apex of curve

Lateral subluxation of vertebral body Not common Common

Coronal and sagittal imbalance Rare Common
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considered. �e system also does not categorize adult de-

generative scoliosis in detail. 

3. Schwab classi�cation 

Schwab classification [9] focuses on the relationship 

between radiological findings and clinical evaluation, 

which categorizes the apex of the curve, lumbar lordosis 

and vertebral body subluxation based on radiological 

�ndings. It is found that the lower apex of the curve com-

bined with loss of lordosis lead to poor health-related 

quality of life (HRQOL). Surgical management is more 

commonly performed in patients with decreasing lumbar 

lordosis and higher vertebral subluxation. 

A limitation of this system is that it does not describe 

global balance although the sagittal balance is a signifi-

cant factor in determining the clinical outcome of adult 

spinal deformity patients. He revised his classi�cation to 

include global balance in the sagittal plane [10]. However 

the revised classi�cation does not consider spino-pelvic 

parameters that in�uence sagittal balance. 

4. SRS-Schwab classi�cation 

SRS-Schwab classi�cation was published in 2012 consid-

ering the relationship between spino-pelvic parameters 

and sagittal balance [11]. This system consists of four 

components: curve type, pelvic incidence minus lumbar 

Fig. 1. Radiologic comparison of adult idiopathic scoliosis (A) and adult degenerative scoliosis (B). Both lumbar curve and com-

pensatory thoracic curve exist in similar sizes in adult idiopathic scoliosis (A). Adult degenerative scoliosis (B) generally presents 

lumbar curve only, without compensatory thoracic curve. Compensatory lumbar curve is seen in the lower lumbar spine. Rotatory 

deformity is observed in the entire lumbar spine in adult idiopathic scoliosis, whereas it is limited at the apex of the curve in adult 

degenerative scoliosis, accompanied with lateral subluxation.

A B



Kyu-Jung Cho et al.374 Asian Spine J 2014;8(3):371-381

lordosis modi�er, global alignment modi�er, and pelvic 

tilt modi�er. Curve type is divided into T: thoracic only, 

L: TL/lumbar only, D: double curve with T and TL/L 

curves >30°, N: No major coronal deformity. The study 

found that HRQOL was closely related to curve type and 

three sagittal modi�ers. Patients with lumbar curve and 

primary sagittal deformity showed greater disability and 

poorer health status than patients with thoracic curve 

or double curve type. Patients with a higher grade of the 

sagittal modi�ers are more likely to have spinal osteoto-

my surgery, iliac �xation, or decompression surgery. �is 

classi�cation re�ects the severity of disease and suggests 

guideline for treatment. But still there is no suggestion 

of speci�c treatment like fusion level of the deformity, so 

surgical methods should be individualized. 

Pathophysiology and Natural History

�e pathophysiology of adult degenerative scoliosis is as-

sociated with degenerative change. It is generally accept-

ed that the asymmetrical degeneration of disc and facet 

joints puts an asymmetric load on the spine that leads to 

degenerative scoliosis. Another theory is that osteoporo-

sis a�er menopause leads to degenerative scoliosis, as it is 

most prevalent in females over the age of ��y [4]. 

Degenerative scoliosis usually starts a�er age ��y, and 

its prevalence and curves increase with age. �e risk fac-

tors of curve progression may be a curve size over 30 

degrees, an asymmetric disc above and below the apical 

vertebra, lateral subluxation of the apical vertebra over 

6 mm and L5 vertebra being located above rather than 

below the intercrestal line [12].

Clinical Presentation

1. Back pain 

The most common symptom of adult scoliosis is back 

pain, which usually presents on the convex side of the 

curvature. The prevalence of back pain varies, but is 

generally between 60% and 80% in adult scoliosis [6,13]. 

Back pain results from degenerative changes in the lum-

bar disc and facet joint. Muscle fatigue induced by spinal 

imbalance also causes back pain. �e pain is not directly 

related to the size of curvature; however rotational sub-

luxation and sagittal imbalance may exacerbate back pain 

[14,15].

2. Radiating pain and neurological symptoms

Leg pain presents as intermittent claudication or radiat-

ing pain caused by spinal stenosis. Spinal stenosis is pres-

ent in only 31% of adult idiopathic scoliosis, whereas it 

is observed in 90% of adult degenerative scoliosis [13]. 

Spinal stenosis is more frequently present as foraminal 

stenosis than central stenosis, and more common on the 

concave side than on the convex side. Facet joint hyper-

trophy and lateral subluxation are associated with forami-

nal stenosis [16]. Pedicular kinking (kinking of the nerve 

root between the pedicle and disc) can cause radiating 

pain on the concave side. When the radiating pain appear 

on the convex side of the mid lumbar curve, compression 

of nerve root at L45 and L5S1 on the same side should 

be meticulously evaluated (Fig. 2). It is common that 

compensatory curve is formed at the lower lumbar seg-

ment (Fig. 1B), in which nerve root is compressed at the 

concave side. On the convex side, neurological symptoms 

may also develop by overstretching of the nerve root.

3. Deformity

Whereas deformity is the primary symptom in adolescent 

scoliosis, low back pain or neurological symptoms are 

chief complaints in adult degenerative scoliosis. In addition 

to scoliosis, sagittal and coronal imbalance is frequently 

observed in adult degenerative scoliosis, which causes 

improper posture leading to low back pain [15].

Surgical Treatment

When surgical treatment is selected for adult degenera-

tive scoliosis, several points should be considered.

1) General condition including medical co-morbidities: 

Elderly patients usually have medical co-morbidities so 

that the incidence of perioperative complications such as 

cardiopulmonary insu�ciency, deep vein thrombosis and 

infection is quite high.

2) Osteoporosis: Osteoporosis can weaken fixation 

strength, causing loss of correction and pseudarthrosis. 

Segmental fixation and anterior column support may 

strengthen the fixation, and use of cement around the 

pedicle screw can enhance purchase of screws. In this 

procedure, bone cement is �rst injected into the vertebral 

body through the pedicle, a�er which pedicle screws are 

inserted over the cement. 
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3) Stiffness of curve: In stiff curve it is difficult to 

achieve optimal correction with surgery. In adolescent 

scoliosis, the compensatory curve is spontaneously cor-

rected when the major curve is surgically corrected. 

However spontaneous correction is not as promising in 

adult scoliosis due to the decreased �exibility of the curve 

associated with degenerative change.

4) Coronal and sagittal imbalance: Accompanied 

coronal and sagittal imbalance is common in degenera-

tive scoliosis. Sagittal imbalance leads to poor results in 

surgery, so that the restoration of imbalance is more criti-

cal than correction of scoliosis itself [15]. Since there are 

cases of worsening imbalance a�er surgery, careful atten-

tion should be paid to this factor when selecting for the 

appropriate surgical option [17,18]. 

The primary indication of surgery in adult degenera-

tive scoliosis is radiating pain to the legs and intermittent 

claudication. Only for relieving low back pain surgery is 

rarely indicated. The major cause of radiating pain in 

degenerative scoliosis is foraminal stenosis, not central 

stenosis. Disc space narrowing at the concave-side com-

presses nerve roots, as the vertebral body subluxates later-

ally. Decompression alone may induce curve progression 

and worsening of subluxation. Recovery of disc space and 

correction of lateral subluxation are conducted to relieve 

radiating pain. Fusion may improve low back pain associ-

ated with degenerative changes. Restoration of imbalance 

relieves the pain caused by muscle fatigue.

Fig. 2. Radiograph and magnetic resonance imaging (MRI) showing foraminal stenosis due to adult degenerative scoliosis. This 

73-year-old woman had complained of low back pain and right leg radiating pain. On whole spine radiograph (A) showed adult 

lumbar degenerative scoliosis with apex in the right side and sagittal imbalance. Upon sagittal view of MRI (B), spinal stenosis is 

observed throughout the entire lumbar spine, while foraminal stenosis is more prominent in the right side of L45 and L51 than cen-

tral stenosis on the axial view (arrows) (C). Foraminal stenosis is often present in the concave side of lower lumbar curve.

A B

C
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The goal of surgery is to relieve back pain, improve 

radiating pain and claudication and correct deformity 

[19,20]. A combination of surgical options may be carried 

out to achieve these goals, including decompression, fu-

sion and/or correction of deformity. Long level fusion in-

cluding deformity correction may induce excessive blood 

loss and prolonged surgery time, both of which lead to 

more postoperative complications. If such complications 

are anticipated, limited surgery can be selected consider-

ing the patient’s age and general medical condition. How-

ever pain usually recurs when limited surgery is selected, 

and degenerative change may progress in the non-fused 

area, eventually causing adjacent segment disease. 

Surgical options include: decompression alone; decom-

pression and limited short fusion; and decompression 

and long fusion with correction of deformity. Surgery 

should be selected with a full understanding of the cause 

of symptoms while considering the advantages, disad-

vantages, indications and complications of each surgical 

option [21]. 

1. Decompression alone

Although most patients require decompression surgery 

for radiating pain, decompression alone is not usually 

recommended in adult degenerative scoliosis. A�er wide 

laminectomy and facet joint resection, deformity and 

instability may worsen, causing recurrence of spinal ste-

nosis [22]. However this method can be applied in elderly 

patients with poor medical conditions who have a high 

likelihood of perioperative complications. Nevertheless 

decompression alone at the apex of curvature is not indi-

cated at which the lateral subluxation is severe. �is pro-

cedure can be considered in small scoliosis curve without 

lateral subluxation.

2. Decompression and limited short fusion (Fig. 3)

Limited short fusion in which decompression is per-

formed is another option to prevent the spinal instability 

that arises from decompression alone. Limited short fu-

sion does not involve fusion of the whole curve, but only 

a decompressed area. �is technique is a good choice in 

moderate scoliosis curve and mild subluxation of the api-

cal vertebra. Adjacent segment disease is a common com-

plication with this method [23]. Degenerative changes 

may be accelerated outside of fusion when fusion stops 

within the deformity. �us fusion should not be stopped 

at the apex of curvature, but should continue above the 

apex or stop below the apex.

Fig. 3. Decompression and short fusion. Fusion was performed only at L4–5 and L5–S1, where decompression was carried out. 

Preoperative scoliotic angle of 17° was not corrected postoperatively at all, because scoliotic deformity was not operated. The 

problem of short fusion is adjacent segment disease, which is caused by accelerated degenerative change where fusion is not per-

formed.
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3.   Decompression and long fusion with correction of 

deformity (Fig. 4)

When the lumbar scoliosis curve is large and subluxation 

of the apical vertebra is severe, correction of deformity is 

required. Improvement of back pain and successful fu-

sion are attributed to the correction of scoliosis as well 

as restoration of lumbar lordosis and sagittal imbalance. 

Posterior instrumentation can achieve a correction of 

scoliosis. However it is di�cult to restore lumbar lordosis 

[6,23], which requires anterior interbody release com-

bined with anterior column support. Restoration of sagit-

tal imbalance is achieved by anterior column support or 

additional techniques such as vertebral osteotomy [24].

4. Selection of fusion level for correction of deformity

�e fusion level for correction of deformity in degenera-

tive scoliosis has a crucial consideration on the results of 

surgery. Generally the recognizable criteria to determine 

fusion level are as follows [4,7]:

1) Fusion should not be stopped at the apex of the curve.

2) �e junctional kyphosis is included in the fusion.

3) �e severe lateral subluxation is included in the fu-

sion.

4) �e spondylolisthesis and retrolisthesis are included 

in the fusion.

5) �e upper instrumented vertebra is better to be hori-

zontal than tilted.

It is debatable whether the proximal fusion level should 

be extended to T10 or stop at the lumbar spine. Fusion 

stopped at L1 is likely to cause adjacent segment disease 

proximally at the thoracolumbar region. To prevent this, 

fusion up to T10 is recommended since T10 is more sta-

ble than T11 and T12 due to true rib attachment on T10. 

However some surgeons argue that this cannot prevent 

adjacent segment disease fundamentally, because it devel-

ops as a degenerative process [25]. Conversely fusion up 

to T10 is likely to cause perioperative complications due 

to the extended length of fusion and long operation time. 

Cho et al. [26] reported that fusion to T11 or T12 was 

acceptable when the upper instrumented vertebra was 

above the upper end vertebra. 

It is important to determine whether distal fusion level 

should be stopped at L5 or extend to the sacrum. The 

distal fusion usually goes to L5, since the apex of scolio-

sis is located at L2–4 and the L4–5 disc has degenerative 

changes. There is no doubt that fusion to the sacrum is 

performed in patients who have existing pathology at 

the L5–S1, such as spinal stenosis, spondylolisthesis and 

severe degenerative change. However there is controversy 

regarding whether fusion stops at L5 or extends to the 

sacrum when the L5–S1 segment looks healthy [27,28].

Surgery in which the fusion stops at L5 compared to 

S1 is considered to be relatively small; however this may 

cause subsequent degeneration at L5-S1. Edwards et al. 

[29] reported that 61% of patients under fixation at L5 

showed degenerative changes, leading to sagittal imbal-

ance and increasing risk of reoperation. Accordingly it is 

preferable to fuse to the S1 in patients with sagittal imbal-

ance, as it is highly likely to cause subsequent degenera-

tion at the L5–S1 segment, even without degenerative 

change before surgery. 

Fusion to the sacrum achieve a better correction of  

sagittal imbalance than fusion to L5. However the com-

plication rate is higher in the fusion to the sacrum. 

Pseudarthrosis, which is the most common complica-

tion at the L5–S1 segment, developed in 42% of cases 

of fusion to the sacrum, but 4% of cases of fusion to L5 

[29]. To prevent pseudarthrosis, interbody fusion and 

additional iliac �xation are strongly recommended [30]. 

Sagittal decompensation a�er fusion to the sacrum is not 

uncommon, and therefore restoration of lumbar lordosis 

is critical to achieve sagittal balance [18]. 

Postoperative Complications

Excessive blood loss is not uncommon in the surgery of 

adult deformity, which is closely related to perioperative 

complications such as epidural hematoma, pulmonary 

embolism and respiratory failure. Increased fusion level 

and longer operation time are associated with more blood 

loss [31]. Additionally low-dose aspirin is gaining popu-

larity owing to its potential to prevent cardiovascular 

disease, which makes the bleeding-control difficult. Al-

though aspirin is not taken for seven days before surgery, 

blood drainage is still higher in patients that regularly 

take aspirin than in those who do not. Minimizing blood 

loss is needed to reduce perioperative complications, and 

preoperative autologous blood donation, anti�brinolytic 

administration and blood salvage can be attempted to 

achieve this goal. 

Minimally invasive techniques have been introduced 

for adult degenerative scoliosis to reduce periopera-
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Fig. 4. Long fusion and fixation to the sacrum 

with correction of deformity. (A) This 72-year-

old woman had adult degenerative scoliosis with 

35
o
 Cobb angle scoliosis and multi-level spinal 

stenosis. (B) Decompression and fusion at T11–

L5 was performed as the L5–S1 disc was healthy 

on magnetic resonance imaging. (C) One year 

after surgery, spinal stenosis developed at L5–S1. 

(D) A revision surgery (decompression and exten-

sion of fusion to the sacrum) was performed. 

Subsequent disc degeneration at L5–S1, as often 

present when fusion is stopped at L5. Complica-

tions such as pseudarthrosis or implant failure 

are developed at the lumbosacral junction after 

long fusion.

A

B C

D
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tive complications. Lateral lumbar interbody fusion is 

performed with less blood loss and less morbidity than 

open correction. However some limitations of the lateral 

interbody fusion technique have been reported [32,33]. 

Surgery at the L5–S1 segment cannot be conducted via 

the transpsoas approach, because the iliac crest hinders 

the approach. The approach-related complications such 

as sensory deficits in the thigh area are not completely 

prevented with intraoperative neuromonitoring. 

Late complications include adjacent segment disease, 

pseudarthrosis and instrumentation failure. Adjacent seg-

ment disease presents with spinal stenosis and proximal 

junctional kyphosis [18,34]. �e risk factors of adjacent 

segment disease appear to be sagittal imbalance, facet 

joint injury and elderly patients. 

Pseudarthrosis most commonly occurs at L5–S1 when 

fused to the sacrum [35], but it also occurs at the thora-

columbar junction. The incidence of pseudarthrosis is 

high when the patient is older, thoracolumbar kyphosis is 

more than 20° and the lumbar lordosis is decreased. Sag-

ittal imbalance is another risk factor of pseudarthrosis. 

Instrumentation failure results from screw loosening 

and pullout at the most distal part and the superior part 

of �xation [36]. Screw loosening occurs in patients with 

sagittal imbalance, especially in long level fusion. Cement 

augmentation on the proximal screws can help reduce 

screw loosening. To prevent failure of �xation in the dis-

tal part of instrumentation, �rm �xation with additional 

iliac screws is suggested. Because L5 screw loosening is 

common in patients with sagittal imbalance, it is rec-

ommended that this fusion be extended to the sacrum 

[37,38].

Adult degenerative scoliosis is often accompanied by 

sagittal imbalance. Although restoration of sagittal im-

balance is critical in order to improve clinical outcome, 

failure of sagittal realignment a�er instrumentation was 

observed in some patients [18,39,40]. Higher pelvic inci-

dence and larger pelvic tilt may be associated with sagittal 

decompensation due to insufficient correction. In those 

patients a higher degree of correction of lumbar lordosis 

is needed. The amount of correction of lumbar lordosis 

should be proportional to the measured pelvic incidence. 

Loss of correction in disc spaces after instrumentation 

may also cause suboptimal correction of lumbar lordosis. 

Anterior column support with cages is useful to prevent 

loss of correction in disc spaces [39].

Conclusions

Patients with adult degenerative scoliosis have various 

symptoms, including back pain, leg pain, claudication, 

scoliosis and coronal and sagittal imbalance. �e hetero-

geneous conditions may lend managing patients di�cult. 

There are three surgical options for adult degenerative 

scoliosis: decompression alone; decompression and 

limited short fusion; and long fusion with correction of 

deformity. Decompression alone is not usually recom-

mended due to curve progression a�er surgery. Limited 

short fusion is performed in decompressed segments. 

�is procedure is indicated in cases with less Cobb angle, 

minimal rotational deformity and no coronal and sagittal 

imbalance. With this short fusion, correction of scoliosis 

and restoration of lumbar lordosis are not adequate; and 

therefore all segments of deformity should be included 

in the fusion to correct the deformity. �is long fusion is 

indicated in cases of severe Cobb angle and coronal and 

sagittal imbalance. 

�e goal of surgery is not only to relieve pain and cor-

rect deformity, but also to minimize complications related 

to surgery, as the incidence of complications is relatively 

high. Limited short fusion is likely to cause proximal ad-

jacent segment disease in the un-fused segments. Long 

fusion with correction of deformity causes more blood 

loss and high perioperative complications. Accordingly 

surgeons should attempt to seek a trade-off between 

the benefits of surgery and risks of complications. One 

should consider the patient’s general condition, not just 

that of the spine, when choosing surgical options.
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