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Introduction to Scoliosis

Scoliosis is defined as an abnormal lateral and rotational curve of the spine. It is defined as a

side-to-side curve in the spine. From the Greek word ‘skoliosis’ meaning “bending” or

“crooked” Scoliosis can either have a single curve shaped as a “C” or a dual curve shaped as

an “S” The details will be delved into in subsequent sections. In the thoracic spine, it is

associated with a rib hump formed due to the cluttering of ribs due to the abnormal curvature.

Degenerative scoliosis begins after the age of 40. An early and localised deformity gives rise

to isolated joint subluxation which then progresses to a loss of lordosis and eventual sagittal

imbalance after affecting the entire spine.

Types of curves

The curves of the spine as mentioned earlier are of 2 main types:

1. The Primary curve
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This is the structural deformity curve which is first to develop due to the processes mentioned

above. The primary curve is the largest curve. This curve is not correctable with ipsilateral

bending. There are also elements of wedging and rotation present complicating the situation

and contributing to the instability.

2. The secondary curve

This is a compensatory curve resent above and below the primary curve in opposite direction.

The secondary curve is an attempt at stabilisation of the spine and normalisation of the

sagittal balance by the surrounding normal spine.

Causes

Scoliosis can be caused by a number of pathological conditions:

1. Congenital causes

2. Neuromuscular disorders

3. Degenerative spine

4. Idiopathic

Although idiopathic scoliosis, which is seen in children and young adults presents a greater

challenge for correction, we confine ourselves to the topic at hand – Degenerative Scoliosis.

Degenerative scoliosis:

Introduction

Degenerative scoliosis is a result of wear and tear on the discs and joints of the spine. It is the

most common type of scoliosis in adults, and usually happens in the lumbar spine. The

pathophysiology includes Facet Arthropathy which progresses into instability and eventual

deformity. The stages of spinal degeneration include:

1. Facet Arthropathy

2. Degenerative Disc Disease

3. Spinal Arthropathy
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4. Osteoporosis

5. Segmental Instability

The aging spine

The spine after maturity starts to show signs of wear and tear. The first sign is disc

degenerative changes visible on MRI. Once there is 50% disc degeneration with facetal

arthritis, the disc collapses giving rise to ankylosis. The main concern here is that the

compression of the disc space leads to unfavourable degenerative changes which lead to canal

stenosis. Spondylosis and deformity. The clinical syndrome of scoliosis is this created by

these changes.

Clinical presentation

The typic clinical presentation caused by secondary compression of the neural structures

along with instability and deformity. Back pain with radicular radiation occasionally

associated with paraesthesia. This is of gradual onset, and slow progression, worse in the

mornings. The pain improves once the day’s activity begins, worsening again by the end of

the day. The curve and the symptoms are both caused by the spinal degeneration. Treatment

therefore generally focuses on the degeneration. Generalised backache can be usually due to

muscle fatigue. The more pathognomonic pain is focussed which can imply disc degeneration,

facet arthropathy or rotatory subluxation with lateral listhesis. Not all pain requires corrective

surgery. Symptomatic management in early stages and in mild cases is also effective. Pain

markers in degenerative scoliosis include

• Lateral vertebral olisthy, (side slip)

• L3 and L4 endplate obliquity angles,

• Decrease in lumbar lordosis,

• Increased thoraco-lumbar kyphosis

These features are shown in figure 2 along with assessment using the coronal plumb line

The Cobb angle is used to detect the extent of deformity in scoliosis. However, the Cobb

angle of the scoliotic deformity had no statistically significant correlation to the Visual

Analogue Scale for pain. Neurogenic claudication is mainly caused due to rotatory
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subluxation which causes central or foraminal stenosis. Radiculopathy is also commonly

seen at the L3 or L4 roots by foraminal or extraforaminal stenosis at the concave side and at

the L5 or S1 nerve roots due to lateral recess stenosis at the convex side

Important details of the disease can be obtained by asking family History to detect familial

syndromes or other causes of scoliosis such as neuromuscular disorders, Date of Onset,

Measured Curve Progression, The Presence or Absence of Pain as an intent for surgical

correction, Bowel or Bladder Dysfunction which is an absolute indication for surgery, Motor

Function, especially Lower Limb weakness and its duration to determine the need for surgery

as well as the presence of previous spinal surgeries to ascertain the presence of weakened

muscles. Physical examination is directed towards the local spinal examination and the

neurological examination. Which completes the clinical battery. An oft understated aspect of

scoliosis is the psychiatric aspect associated with poor image and social interaction. The

primary motivator for surgery sometimes isn’t neurological compression, or even pain but

cosmesis which will allow greater social function. This is increasingly being considered as a

vital aspect of scoliosis treatment

Curve Progression

Progression of scoliosis occurs as mentioned above where degeneration leads to disc and soft

tissue integrity loss, functional unit instability coupled with facet arthropathy which leads to

worsening of the deformity and compression. The neural compression and instability spur

bony adaptation to correct the problem, leading to the secondary curves. The process is

dynamic and progresses, as once the secondary curves form, they increase the stress on the

disc and ligaments of the spine leading to further degeneration and instability. This is known

as Wolff’s Law.

Studies indicate that thoracolumbar curves between 50-75 degrees (Cobb’s angle) have a

propensity to increase by 22.3 degrees overall. The maximum progression occurs in the

lumbar curves especially when the L5 vertebra isn’t well seated leading to apical rotation

greater than 33%
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Investigations:

Imaging modalities are of high priority in scoliosis. These include X-ray to measure the

degree of spinal curvature and overall alignment of the spine, Magnetic resonance (MR)

imaging: Discs of the spine, the spinal cord, and spinal nerves., Computed tomography (CT)

for detailed information about spine and pedicles and Myelograms for detailed information

about the spinal cord.

poorer social function, as well as on Coronal shift > 4 cm which is also associated with

Poorer function, Greater pain when compared to patients with a coronal shift < 4 cm.

Treatment:

Most cases of degenerative scoliosis respond to conservative management with medications,

exercise, braces, with orthoses such as shoes. If osteoporosis is present then calcium and

vitamin D supplements with or without hormone replacement therapy & exercises are

prescribed.

Indication for surgery

Surgery is indicated in severe pain and disability not responding to conservative care. Here

with other factors such as comorbidities, and osteoporosis are considered and when a

favourable risk benefit ratio is obtained making the risk of surgery acceptable to the patient

and the relatives alike. The goals of surgery are to decrease pain, improve neurological

symptoms, prevent curve progression and stabilize the spine.

Surgical Options:

Standard surgical options involve neural element decompression with stabilisation and

deformity correction. Lumbar Laminectomy is decompression of stenosed cord or nerve root

due to bony spur or degenerated disc It is commonly done alone or along with stabilisation

procedures. Spinal Fusion (combined with decompression) with or without cage is done for

deformity correction stabilisation. This surgery also prevents progression. vertebral

osteotomies which are only used in Lordosis causing sagittal imbalance. As far as the surgical

approach is concerned, the Anterior fusion, which is preferred in normal lordosis, no



60

subluxation, Circumferential fusion in minimally lost lordosis, with marked subluxation and

Posterior only fusion in marked loss of lordosis with marked sagittal imbalance. Fusion to

sacrum is done for a loss of lordosis with an increasing positive sagittal balance. The options

are summarised in the table below.

The commonest surgery performed for degenerative listhesis is the Lumbosacral junctional

fusion at L5 S1 due to the increased incidence of instability and neurological compression that

occurs at this junction. The surgery is generally performed for spondylolisthesis, severe

coronal or sagittal deformity, severe lumbosacral pain localised to this level, degenerative disc

disease requiring surgery, or for a case of previous decompression which has now developed

deformity, instability or both. The advantages of the procedure are many. The most important

is that degeneration is avoided at L5 S1 ensuring stability while sagittal plane correction is

also achieved. The procedure also arrests progression of the disease with minimal adjacent

vertebral degeneration. However, the disadvantages include a loss of mobility at the

lumbosacral junction, possibility of pseudarthrosis as well as arthrosis and arthritis of the

Sacro-iliac joint which may require prolonged treatment including further surgery.

Conclusion:

Degenerative scoliosis is a slow, progressive, age related morbidity usually treated

conservatively. In patients with persistent symptoms (especially osteoporotic women and pts

with neurological deficits), surgery is essential to improve their Activities of daily Living and

quality of life.
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Figures:
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Tables:

Table 1: Clinical features

Back pain
Generalized
Localized suggestive of focal spinal degeneration

Radiculopathy

Neurological deficit
Sensory – paraesthesiae and anesthesia
Motor weakness
Bowel & bladder dysfunction

Neurogenic claudication indicating canal stenosis

Visible deformity

Table 2: Classification of Adult Deformity

Type I thoracic-only curve (no other curves)
Type 2 upper thoracic major, apex T4-8
Type 3 lower thoracic major, apex T9-T10
Type 4 thoracolumbar major curve, apex T11-L1
Type 5 lumbar major curve, apex L2-L4
Type K no scoliosis (<100), principal sagittal plane deformity

Lumbar Lordosis A marked lordosis >400
Modifier B moderate lordosis 0-400

C no lordosis present Cobb >00

Subluxation 0 no intervertebral subluxation any level
Modifier + maximal measured subluxation 1-6mm

++ maximal subluxation >7mm

Sagittal Balance N normal, <4cm positive SVA
Modifier P positive, 4-9.5cm

VP very positive, >9.5cm



65

References:

[1] Adam S, Kanter MD, Ashok R, Asthagiri MD, Christopher I, Shaffrey MD. Aging Spine:

Challenges and Emerging Techniques. Clinical Neurosurgery. 2007;54:10–18.

[2] Aebi M. Adult scoliosis. Therapeutische Umschau. 1987;44:757–763.

[3] Aebi M. The adult scoliosis. Eur Spine J. 2005;14(10):925–948.

[4] Anasetti F, Galbusera F, Aziz HN, Bellini CM, Addis A, Villa T, et al. Spine stability after

implantation of an interspinous device: an in vitro and finite element biomechanical

study. J Neurosurg Spine. 2010;13(5):568–575.

[5] Ascani E, Bartolozzi P, Logroscino CA, Marchetti PG, Ponte A, Savini R, Travaglini F,

Binazzi R, Di Silvestre M. Natural history of untreated idiopathic scoliosis after skeletal

maturity. Spine. 1986;11(8):784–789.

[6] Avraam Ploumis MD, Ensor E, Transfledt MD, Francis Denis MD. Degenerative lumbar

scoliosis associated with spinal stenosis. The Spine Journal. 2007;7(4):428–436.

[7] Benner B, Ehni G. Degenerative lumbar scoliosis. Spine. 1979;4:548.

[8] Berven SH, Deviren V, Mitchell B, Wahba G, Hu SS, Bradford DS. Operative

management of degenerative scoliosis: an evidence-based approach to surgical strategies

based on clinical and radiographic outcomes. Neurosurg Clin N Am. 2007;18(2):261–272.

Table 3: Surgery for Degenerative Scoliosis

Procedure indication

1.Fusion + decompression Deformity correction + instability
1.1 Approach:
1.1.1 Anterior Normal lordosis + no subluxation
1.1.2 Circumferential Minimal lordosis lost + maximum subluxation
1.1.3 Posterior Marked lordosis lost + marked sagittal imbalance

1.2 Sacral fixation Loss of lordosis + increased positive sagittal balance

2.Laminectomy alone Only neural compression without instability or deformity

3.Vertebral osteotomy Focal lordosis causing sagittal imbalance



66

[9] Berven SH, Lowe T. The Scoliosis Research Society classification for adult spinal

deformity. Neurosurg Clin NAm. 2007;18(2):207–213.

[10] Birknes JK, White AP, Albert TJ, Shaffrey CI, Harrop JS. Adult degenerative scoliosis: a

review. Neurosurgery. 2008;63(3 Suppl):94–103.

[11] Boachie-Adjei O, Gupta MC. Adult scoliosis + deformity. AAOS Instructional Course

Lectures. 1999;48(39):377–391.

[12] Carter OD, Haynes SG. Prevalence rates for scoliosis in US adults: Results from the first

National Health and Nutrition Examination Survey. Int J Epidemiol. 1987;16:537–544.

[13] Daffner SD, Vaccaro AR. Adult degenerative lumbar scoliosis. Am J Orthop (Belle Mead

NJ) 2003;32(2):77–82.

[14] Epstein JA, Epstein BS, Jones MD. Symptomatic lumbar scoliosis and degenerative

changes in the elderly. Spine. 1979;4:542–547.

[15] Frank Schwab MD, Jean-Pierre Farcy MD, Keith Bridwell MD, Sigurd Berven MD,

Steven Glassman MD, John Harrast MS, William Horton MD. A Clinical Impact

Classification of Scoliosis in the Adult. Spine. 2006;31(18):2109–2114.

[16] Gelalis ID, Kang JD. Thoracic and lumbar fusions for degenerative disorders: Rationale

for selecting the appropriate fusion techniques. Orthop Clin North Am. 1998;29:829–842.

[17] Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S, Schwab F. The impact of

positive sagittal balance in adult spinal deformity. Spine. 2005;30(18):2024–2029.

[18] Gupta MC. Degenerative scoliosis. Options for surgical management. Orthop Clin North

Am. 2003;34(2):269–279.

[19] Hanley EN., Jr Indications for fusion in the lumbar spine. Bull Hosp Jt Dis. 1996;55:154–

157.

[20] Hanley EN., Jr The indications for lumbar spinal fusion with and without

instrumentation. Spine. 1995;20(24 suppl):S143–S153.

[21] Kobayashi T, Atsuta Y, Takemitsu M, et al. A prospective study of de novo scoliosis in a

community based cohort. Spine. 2006;31:178–182.

[22] Lowe T, Berven SH, Schwab FJ, Bridwell KH. The SRS classification for adult spinal

deformity: building on the King/Moe and Lenke classification systems. Spine (Phila Pa

1976) 2006;31(19 Suppl):S119–S125.



67

[23] Marchesi DG, Aebi M. Pedicle fixation devices in the treatment of adult lumbar

scoliosis. Spine. 1992;17(8 suppl):S304–S309.

[24] Nasca RJ. Surgical management of lumbar spinal stenosis. Spine. 1987;12:809–816.

[25] Oskouian RJ, Jr, Shaffrey CI. Degenerative lumbar scoliosis. Neurosurg Clin N

Am. 2006;17(3):299–315.

[26] Perennou D, Marcelli C, Herisson C. Adult lumbar scoliosis: Epidemiologic aspects in a

low-back pain population. Spine. 1994;19:123–128.

[27] Postacchini F. Surgical management of lumbar spinal stenosis. Spine. 1999;24:1043–

1047.

[28] Schwab F, Dubey A, Gamez L, et al. Adult scoliosis: prevalence, SF-36, and nutritional

parameters in an elderly volunteer population. Spine. 2005;30:1082–1085.

[29] Schwab F, el-Fegoun AB, Gamez L, Goodman H, Farcy JP. A lumbar classification of

scoliosis in the adult patient: preliminary approach. Spine. 2005;30(14):1670–1673.

[30] Sharma AK, Kepler CK, Girardi FP, Cammisa FP, Huang RC, Sama AA. Lateral Lumbar

Interbody Fusion: Clinical and Radiographic Outcomes at 1 Year: A Preliminary Report. J

Spinal Disord Tech 2010; Pub ahead of print.

[31] Simmons ED., Jr Simmons EH: Spinal stenosis with scoliosis. Spine. 1992;17(6

suppl):S117–S120.

[32] Transfeldt EE, Topp R, Mehbod AA, Winter RB. Surgical outcomes of decompression,

decompression with limited fusion, and decompression with full curve fusion for

degenerative scoliosis with radiculopathy. Spine (Phila Pa 1976) 2010;35(20):1872–1875.

[33] Tribus CB. Degenerative lumbar scoliosis: evaluation and management. J Am Acad

Orthop Surg. 2003;11(3):174–183.

[34] Vaccaro AR, Ball ST. Indications for instrumentation in degenerative lumbar spinal

disorders. Orthopedics. 2000;23:260–271

[35] van Dam BE. Nonoperative treatment of adult scoliosis. Orthop Clin North

Am. 1988;19:347–351.

[36] Vanderpool DW, James JI, Wynne-Davies R. Scoliosis in the elderly. J Bone Joint Surg

Am. 1969;51:446–455.



68

[37] Velis KP, Healey JH, Schneider R. Osteoporosis in unstable adultscoliosis. Clin Orthop

Relat Res. 1988;237:132–141.

[38] Weinstein SL, Ponseti IV. Curve progression in idiopathic scoliosis. J Bone Joint Surg

Am. 1983;65:447–455.

[39] Zucherman JF, Hsu KY, Hartjen CA, Mehalic TF, Implicito DA, Martin MJ, et al. A

multicenter, prospective, randomized trial evaluating the X STOP interspinous process

decompression system for the treatment of neurogenic intermittent claudication: two-year

follow-up results. Spine (Phila Pa 1976) 2005;30(12):1351–1358.


