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Introduction
Adult degenerative scoliosis (ADS) also called 
as de novo scoliosis constitutes a subset of 
patients of adult scoliosis. Adult scoliosis is 
otherwise a heterogenous group that encom-
passes all the scoliosis found in adult age 
group. Table 11.1 shows the classification of 
scoliosis as described by Abei.1 Patients with 
ADS should have a mature skeleton with 
a Cobb’s angle of more than 10 degree on 
coronal plane.

Etiopathogenesis
The etiopathogenesis starts with asymmetric 
degeneration of disk and/or facets. These 
asym metric changes unleash a vicious down-
ward spiral of further degenerative process 
involving the facet joint, joint-capsule, disk, 
and ligaments. As the degenerating force 
vectors are asymmetrical on a spine unit, it 
leads to instability (listhesis, lateral listhesis, 
and rotation). The force vectors over the years 
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lead to worsening of coronal and sagittal 
balance.

The Pain Generators
The segmental nature of the spine with 
multitude of nerve innervated structures like 
facet joint, capsule, disks, and ligaments in 
each segment makes the localization of source 
of pain a challenge. In addition, the nerve roots 
and spinal cord that pass through the spinal 
canal and the foramen can also cause pain.

The treatment strategy revolves around 
finding the relevant pain generator and then 
addressing it. Localization is done clinically 
and radiologically. Clinico-radiological con-
cordance makes it possible to be more 
accurate. However, there exists a gap in 
clinical and radiological ability to diagnose the 
source of pain. Clinically, there is overlap in 
nerve supply between adjacent segments and 
various structures in the same segment, thus 
limiting its reliability. Advanced imaging also 
is not wholly reliable as the ADS will show 
degenerative changes over multiple segments. 
Diagnostic blocks help in this situation to 
formulate surgical strategies.

Demography
The ADS affects males and females equally. 
It is rarely seen before the age of 40 years 
and its mean age of presentation is 70 years. 
Its prevalence in the elderly population 
ranges from 10 to 68% and it rises with each 
subsequent decade.2–4 It predominantly affects 
the lumbar spine. Most of the curves are less 
than 10 degrees (64%) followed by curves 

Table 11.1 Types of adult scoliosis

Type 1 Adult degenerative scoliosis

Type 2 Progression of idiopathic adolescent 
scoliosis curves in adult life

Type 3a Secondary curves due to 
oblique pelvis as in idiopathic, 
neuromuscular, and congenital 
scoliosis, and various limbs and 
joint pathologies

Type 3b Metabolic or asymmetric arthritic 
disease and/or fractures
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between 10 to 20 degrees (40%) and more than 
30 degrees (24%).5

Natural History
Patients with ADS present with predominant 
low backache with or without radiculopathy 
and deformity. The symptomatology is gen-
erally progressive.

All curves progress to varying degrees. 
The ADS curves have annual progression of 
3 degrees (1–6 degrees). The factors influ-
encing curve progression are Cobb angle 
(>30 degree), lateral-o-listhesis (>6 mm), 
apical rotation (>Gr 2), L5 body above the 
intercrest line rather than below, and presence 
of asymmetrical disk above and below the 
apical vertebra.6

Clinical Presentation
Clinical presentations may vary from back 
pain, leg pain claudication, and deformity. 
Prevalence of back pain is around 60 to 80%.7,8 
The pain generators for the axial backache are 
normally the degenerated disks and facets. In 
some cases the basis for backache is muscle 
wasting and fatigue. This pain is on the convex 
side.

Radicular pain comes due to spinal stenosis 
and 90% of cases of ADS have spinal stenosis.8 
The pain of the ADS can be distinguished from 
that of spinal stenosis as it is not relieved by 
bending forward (shopping cart sign) which 
is typical for lumbar canal stenosis. However, 
the pain of ADS gets relieved by sitting and 
supporting the trunk with one’s arms.9

Radicular pain can be experienced on the 
concave or the convex side. On concave side 
it is due to facet hypertrophy, lateral sub-
luxation, and pedicular kinking. The convex 
side pain occurs due to overstretching of the 
nerve roots. Rarely, the cosmetic deformity is 
the chief complaint.

Evaluation
Proper clinical history is required to establish 
the diagnosis of ADS. Past history of body 
posture and gait is taken. Indirect evidence can 
come in the form of old profile photographs of 
the patient and history of how the standard 
clothes specially the innerwear fits the patient. 
The change in waist size also gives us an idea of 
obesity. History should try to elicit the capacity 
to walk and climb stairs and its change over a 
period of time.

Pain requires a detailed interview. History 
of pain is taken in terms of onset, location, 
duration, characteristic, aggravating and 
relieving factors, and previous treatments. The 
pain needs to be classified in terms of axial 
or radicular pain. Clinically, effort is made to 
identify the pain generator and the level of 
disease. The radicular pain should be identified 
to the root and foramen. It is also important to 
find out if pain comes from central zone or the 
lateral recess.

Other illnesses such as metabolic bone 
disease, rheumatologic illness, and diseases 
affecting the appendicular bones and joints 
also need to be elucidated.

Patient needs to be examined from head to 
toe. Relationship of head to pelvis is to be seen 
to evaluate coronal and sagittal imbalance. 
Forward and bending maneuvers are required. 
Lower limb joints and muscle need to be 
evaluated. Status of abdominal muscle is 
assessed and it has direct bearing on lumbar 
lordosis. Complete neurological examination 
and vascular and cardiopulmonary exam-
ination are required.

Radiology
The diagnostic tests including whole length 
spine skiagrams (including both knee joints) in 
anteroposterior (AP) and lateral views, dyna-
mic imaging, computerized tomography (CT),  
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CT myelogram, magnetic resonance imag ing 
(MRI), whole body densitometry (DEXA scan), 
and nerve conduction test help us in reaching 
diagnosis.

Standing skiagrams from head to both 
knees in AP, lateral, and bending forward and 
to the sides are required. Supine radiographs 
that reduce gravity and simulate operative 
positions are also obtained. ADS curves 
generally have an apex at L2–L3 and will have 
lateral-o-listhesis and rotation of vertebra. 
There is hypolordosis at lumbar vertebrae and 
reciprocating curves in thoracic vertebrae. 
Appropriate Cobb angle and spinopelvic angles 
are measured using these X-rays. Appropriate 
correction of sagittal balance correlates with 
better outcomes.10 Presence of lateral-o-
listhesis, rotation, and osteophytes helps in 
determining which level to involve in fusions. 
CT scans and MRI also are essential to assess 
the morphology of involved vertebra and 
the degree of compression at various levels, 
and thus determining soft tissue and bony 
decompressions at various levels.

There is need to do selective root and facet 
blocks along with diskograms to identify the 
pain generators.

Treatment
First line of treatment for ADS are appropriate 
conservative measures. The measures 
include pharmacotherapy, physical therapy, 
bracing and casting, myofacial release/
traction, chiropractic manipulation, behavior 
therapy, injections, and radiofrequency 
ablative procedures. The level of evidence 
for any nonoperative treatment is level III 
or IV. Level IIc recommendations are for 
activity modification and nonsteroidal anti-
inflammatory drugs (NSAIDs). Though bracing, 
traction, and chiropractic do offer initial relief 
but long-term disease progression does occur. 
Bracing also has a potential of decondition-
ing of already weak muscles of the spine.11 

Curves less than 30 degrees, subluxation of 
less than 2 mm, presence of osteophytes, and 
better pelvic sagittal balance are more likely 
to be long-term responders to such measures. 
These measures are more likely to be 
successful if no significant stenotic, radicular, 
or back pain symptoms are present.

The primary indications of surgery in ADS 
are radiating pain to the legs and intermittent 
claudication. The surgery is rarely indicated for 
only relieving back pain.

Surgical treatment is based on principles 
of spinal surgery: decompression, fusion, 
deformity correction, and preservation of 
motion segments as much as possible. Surgical 
operations are usually complex except for 
isolated foraminotomies. Outcomes are influ-
enced by age, medical conditions, the number 
of spinal levels to be addressed, the condition 
of adjacent segments, sagittal and coronal 
balance, health of bones, and history of pre-
vious surgeries and chronicity of pain. The 
most overlooked aspects are the imbalances 
of muscles due to chronic disease process and 
immobility and sarcopenia that sets in elderly 
population.

Minimally invasive techniques have 
become a standard for spine surgeries and 
are increas ingly being used in complex spine 
including deformities. Lateral minimally 
invasive spine surgery (MIS) instru mented 
techniques like direct lateral interbody fusion 
(DLIF) and oblique lateral interbody fusion 
(OLIF) have been used to address problems 
of scoliosis and spino-pelvic misalignments. 
Further use of MIS techniques to per form 
complex osteotomies has been described. 
Wang has described methods of mini–
open pedicle subtraction osteotomy and 
percutaneous iliac screws placements that 
have an ability to transform the scoliosis 
treatment. These MIS techniques decrease 
the morbidities faced by the patients in the 
postoperative period.
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The following factors have major bearing 
on surgical treatment:

• Operation is indicated in appropriate 
clinical settings when there is a strong 
clinicoradiological correlation. Neuro-
logical deficits warrant an operative 
intervention, and curve progression 
of more than 10 degrees and listhesis 
progression of more than 2 mm despite 
conservative measures also require 
surgery. Threshold of operative inter-
vention is low if the Cobb angle is more 
than 30 degrees with more than 7 mm 
of lateral-o-listhesis.

• Lenke and Silva have recommended 
six levels of operative treatment 
(Table 11.2).9

• Level I treatment is decompression 
alone and is for patients who have 
neurogenic claudication without signi-
ficant back pain. They should have 
good pelvic parameters without 
thoracic hyperkyphosis. The Cobb angle 
should be less than 30 degrees and 
subluxation of less than 3 mm. Presence 
of osteophytes is reassuring as it tells us 
that body is naturally trying to stabilize.

• Level II involves adding instrumentation 
to area of decompression. The patients 
should have leg pain with no significant 

back pain. The degree of curve should 
be less than 30 degree and subluxation 
of more than 2 mm. There should not 
be any osteophytes. The patient should 
be well balanced with no thoracic 
hyperkyphosis.

• Level III treatment involves when 
with necessary decompressions the 
entire lumbar curves are instrumented. 
Transforaminal lumbar interbody fusion 
or oblique lumbar interbody fusions are 
added particularly at lower levels. They 
are reasonably balanced and Cobb angle 
is more than 45 degrees and subluxation 
is more than 2 mm. Anterior osteophytes 
should be missing.

• Level IV involves anterior and posterior 
instrumentation particularly in setting 
of lumbar hypolordosis and mild sagittal 
imbalance. The symptoms are of severe 
stenosis, back pain, and deformity. There 
should not be thoracic hyperkyphosis 
and subluxation is more than 2 mm.

• Level V: When level IV disease is 
associated with global imbalance and in 
particular thoracic hyperkyphosis.

• Level VI: Curves that do not get corrected 
to less than 30 degrees in bending films 
require osteotomy.

Selection of Fusion Levels
There are certain established criteria to 
determine the fusion levels. Most important 
is that fusion should never be stopped at the 
apex of the curve and the upper instrumented 
vertebra should be horizontal. The junctional 
kyphosis, lateral subluxation of greater 
than 2 mm, and spondylolisthesis are better 
included in the fusion.12 There is controversy 
regarding proximal level of fusion. Most 
importantly, the curve should be conformal 
otherwise there are chances of developing 
proximal junction kyphosis. Though extending 
to T10 provides more solid support as the rib 
attachment to T10 provides for additional 
stability but in selected cases fusion can 

Table 11.2 Lenke and Silva’s recommendations 
of operative treatment

Level Treatment

I Decompression

II Decompression with limited 
instrumented posterior fusion

III Decompression and lumbar curve 
instrumented fusion

IV Decompression with anterior and 
posterior curve instrumented fusion

V Lumbar curve and thoracic 
instrumented fusion

VI Osteotomies
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end at T11 or T12.13 To prevent fracture in 
osteoporotic bones, vertebroplasty can be 
added at the level above the fused segments.

Distal fusion should stop at L5 if there are 
no significant changes at L5–S1 as mostly 
the apex of curve is at L2–L3. But in cases of 
sagittal imbalance the L5–S1 correction offers 
better outcomes.

Case Studies

Case 1
A 69-year-old lady, hypertensive and diabetic, 
presented with chief complaints of low 

back ache for 15 years, bilateral lower limbs 
radiculopathy pain (left > right) for 2 years, 
tingling and numbness over left sole, and pain 
while walking for 7 months. Symptoms of 
claudication were present. MRI is suggestive 
of lumbar degenerative disease with disk 
degeneration at L1–L2/L2–L3/L3–L4/L4–L5, 
and with canal stenosis and listhesis. Ligament 
flavum hypertrophy/facet hypertrophy is seen 
(Fig. 11.1a).

Standing AP and lateral 36″ X-rays of the 
hips and knees in full extension were done 
to assess the deformity. X-rays show that 
C7–central sacral vertical axis distance (pre-
operative) was 4.25 cm, Cobb angle was 

Fig. 11.1 (a) Magnetic resonance imaging (MRI) Lumbosacral spine (LS) sagittal, axial, and coronal 
view with multilevel disk degeneration. (b) X-ray of whole spine anteroposterior and lateral. (c) X-ray of 
whole lumbosacral spine lateral in flexion and extension. (d) Postop X-ray of whole spine AP and lateral 
with correction of deformity. 

(a)

(c)

(b)

(d)
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21.5 degree, lumbar lordosis angle was preop 
36.6, local lordosis angle at L3–L4 was 1.18 and 
at L4–L5 was 1.68 degree. Flexion extension 
X ray shows instability at L3–L4/L4–L5 level. 
Patient underwent two level OLIF at L3–L4/L4–
L5 with hyperlordotic cages. Postoperatively it 
shows significant increase in disk height and 
lumbar lordosis, (42-degree) global sagittal 
angle correction. C7–central vertical axis SVA 
(sagittal vertical axis) distance also reduced 
from preop: 8.71 cm to postop: 4.66 cm 
(Fig. 11.1b–d).

Case 2
A 64-year-old male presents with neurogenic 
claudication. He had severe central canal 
stenosis at L4–L5 and L3–L4. Dynamic X-ray 
shows instability at both levels. Preoperative 
long cassette X-rays demonstrated LL 22°,SVA 
5.2 cm, and coronal imbalance 3 cm. Note he 
was unable to stand preoperatively for his 
X-rays. He underwent an OLIF at L3/4 and L4–
L5 with bilateral screw fixation. Postoperative 
long cassette X-rays demonstrated LL 28°, SVA 
6 cm, and coronal imbalance 4.4 cm (Fig. 11.2).

Case 3
A 39-year-old woman presented with pro-
gressively low back pain. She underwent 
extensive physical and cognitive therapy 

without resolution of the symptoms. MRI 
examinations revealed degenerative disk 
disease (DDD) at L4–L5 with direct signs of 
microinstability. In the dynamic X-ray, the 
results of the preoperative clinical tests were 
as follows: ODI = 63 %, visual analogue score 
(VAS) = 6.1. She underwent OLIF at L4–L5 
with posterior percutaneous stabilization and 
achieved com plete resolution of symptoms 
(Fig. 11.3).

Case 4
A 70-year-old male presented with back pain 
with neurogenic claudication. His MRI spine 
showed disk degeneration at L2–L3, L3–L4,  
L4–L5 with L4–L5 grade I listhesis. His whole 
spine X-ray showed forward stooping with 
C7PL-SVA distance of 5.34 cm; lumbar scoli osis 
on AP X-ray with CSVL deviation of 3.65 cm 
and Cobb angle of 6.66 degrees at lower lumbar 
and thoracic correction of 15.12 degrees. 
He underwent MIS-OLIF at three levels with 
complete correction of lumbar scoliosis and 
restoration of disk heights and achievement of 
lumbar lordosis (Fig. 11.4).

Postoperative Complications
ADS occurs in older patients and lot of patients 
will have medical comorbidities. So they are at 
increased risks of thrombotic complications of 

Fig. 11.2 Preop and postop 
X-ray of lateral spine with 
L3–L4/L4–L5 oblique lateral 
interbody fusion (OLIF).
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Fig. 11.3 (a) Axial magnetic resonance imaging at L4–L5 level with canal stenosis. (b) Preop sagittal 
MRI LS spine with disk degeneration and instability. (c) Preop dynamic lateral X-ray of LS spine with 
flexion and extension. (d) Postop LS spine anteroposterior and lateral with cage and screws in situ.

Fig. 11.4 (a) Whole spine anteroposterior and lateral X-ray. (b) Postop X-ray showing MIS-OLIF (oblique 
lateral interbody fusion) at three levels with complete correction of lumbar scoliosis, restoration of disk 
heights and achievement of lumbar lordosis.

(a)

(c)

(b)

(d)

(a) (b)
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heart, brain, and intestines. They also are more 
prone to urinary tract infections, chest infec-
tions, septicemia, and deep vein thrombosis.14

Morbidities of prolonged anesthesia in 
prone position also are noticed in immediate 
postoperative state. Blood loss and wound 
infections are seen more with open surgeries 
than minimally invasive surgeries. Approach-
related complications including the visceral 
and neural structures at risk have to be always 
considered in surgical plan and consent.

Late complications such as pseudarthrosis, 
instrumentation failure, and adjacent-level 
disease should be investigated if there is fresh 
onset or new symptoms after surgery.

The surgical plan should be such that there 
is no worsening of parameters of sagittal 
balance; otherwise, the patient will continue 
to suffer and will eventually require revision.

Conclusion
ADS is a heterogenous set of degeneration 
predominantly involving the lumbar vertebrae. 
Proper diagnosis should be made and appro-
priate conservative treatment should be given. 
In patients with failure of conservative meas-
ures and in whom there are neurological 
deficits, an option of surgery should be 
considered.

Patients with leg symptoms are the prim-
ary candidates for surgery. Surgery is rarely 
done for axial backache. Surgery is also a 
trade-off between benefits of surgery and risks 
of complications as most of these patients will 
have concomitant morbidities.

Various factors such as Cobb angle, lateral-
o-listhesis, gross rotation, pelvic parameters 
abnormality, and level of L5 in relation 
to intercrest line help to decide on fusion 
(including the long and short segment) and 
decompression. The proximal and distal extent 
is also tailored according to patients’ findings. 
At no point should a surgical technique worsen 
the sagittal parameters.

Appropriately done, the surgery has grati-
fying results and increases longevity.
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