
Introduction
Spinal deformity is defined as a curvature in 
the spine where the alignment is outside of 
defined normal limits. Adult spinal 
deformity is one of the most challenging 
spinal disorders and by definition describes 
a complex spectrum of spinal deformities 
that present in adulthood including  adult 
scoliosis,  sagittal and coronal imbalance, 
and iatrogenic deformity, with or without 
spinal stenosis [1].Adult spinal deformity 
may occur as a result of a number of 
conditions, each of which ultimately lead to 
an imbalance of the structural support of the 
spinal column. Abnormal curvature may 
occur in the sagittal plane (kyphosis, 
lordosis)  or in the coronal plane (scoliosis) 
causing imbalance in both planes . The 
magnitude of the curvature of the spine is 
measured using Cobb angle measurements. 
Axial plane deformity is measured by 
degrees of rotation from the frontal or 
sagittal plane [2].
Clinical presentation of adult spinal 

deformity varies greatly from minimal or no 
symptoms to severe pain with disability [3]. 
A majority of patients remain asymptomatic 
with radiographic findings alone. However, 
when patients begin to complain of 
symptoms, these may vary from mild back 
pain without radiculopathy to severe back 
pain with neurogenic claudication, 
radiculopathy, and walking intolerance.4 A 
complete patient assessment requires not 
only appropriate imaging studies but a 
complete history and physical exam.
An adult deformity classification  has been 
established by Schwab et al and applies 
radiographic parameters of disability.[5] As 
presented in Table 1. The presented adult 
deformity classification has a significant 
impact on surgical rates and operative 
strategy (approach, fusion to sacrum, and 
use of osteotomies). Through continued 
investigation, further refinement of the 
classification and formation of effective 
treatment algorithms are certain to emerge 
to guide the care of adults suffering from 

spinal deformity [5]

Scoliosis: A scoliosis is diagnosed in adult 
patients when it occurs or becomes relevant 
after skeletal maturity with a Cobb angle of 
more than 10 degrees in the frontal plain 
film [6,7].

Type 1: Primary degenerative scoliosis (‘‘de 
novo’’ form), mostly located in the 
thoracolumbar or lumbar spine
Type 2: Progressive idiopathic scoliosis in 
adult life of the thoracic, thoracolumbar, 
and/or lumbar spine
Type 3: Secondary degenerative scoliosis.
(a) Scoliosis following idiopathic or other 
forms of scoliosis or occurring in the 
context of a pelvic obliquity due to a leg 
length discrepancy, hip pathology or a 
lumbosacral transitional anomaly, mostly 
located in the thoracolumbar, lumbar or 
lumbosacral spine .
(b) Scoliosis secondary to metabolic bone 
disease (mostly osteoporosis) combined 
with asymmetric arthritic disease and/or 
vertebral fractures

Clinically, the most prominent groups are 
secondary (type 3) and primary (type 
1)degenerative adult scoliosis. In elderly 
patients, all the three forms may be 
aggravated by osteoporosis [8,9,10].

Sagittal Plane Deformity: Age-related 
postural hyperkyphosis is an exaggerated 
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anterior curvature of the thoracic spine, 
sometimes referred to as Dowager’s hump 
or gibbous deformity. This condition 
impairs mobility [22] and increases the risk 
of falls [23] and fractures [24]. Several 
types of postural deformities exist according 

to the number, severity, and location of 
vertebral fractures(upper or middle 
thoracic, thoracolumbar, or lumbar).Satoh 
et al. classified osteoporotic postural 
deformities into the following five groups 
based on changes of the physiological 

thoracic and lumbar curvature:[11]
 1) normal posture without apparent 

change in spinal curve;
 2) round back with increased thoracic 

kyphosis and normal lumbar lordosis; 
 3) hollow round back with increased 

thoracic kyphosis and lumbar lordosis;
 4) whole kyphosis with extensive 

kyphosis from thoracic to lumbar 
spine; and

 5) lower acute kyphosis with localized 
lumbar kyphosis with straight thoracic 
spine

Iatrogenic Spinal Deformity
Iatrogenic spinal deformities can cause 
either sagittal or coronal imbalance. They 
consist of flat back syndrome, post-
laminectomy kyphosis and  proximal 
junctional kyphosis(PJK).With the 
development of posterior segmental 
stabilization, the rates of flat back 
syndrome decreased [12,13,14,15,16]. A 
pathology known as junctional kyphosis 
also commonly calls for the use of 
instrumentation above the level of fusion in 
the thoraco-lumbar or cervico-thoracal 
vertebrae . Fusions that end at the level of 
the 7th and 8th thoracic vertebrae are 
known as the apex of thoracic kyphosis and 
may lead to junctional kyphosis. Post-
laminectomy kyphosis is mostly seen after 
multi-level laminectomy procedures, 
especially in the cervical region and in cases 
of facetectomies with facet capsule 
destruction [17]. After cervical 

Figure 2: 2month old Osteoporotic collapse # T12 with para-paresis  with angular kyphosis 
with DEXA (T score -3.8 for spine)(-4.3 for radius) .Cement augmented posterior 
stabilization donefrom D10-L3 with D9 vertebroplasty and T12 corpectomy.

Table 1.  Adult Spinal Deformity Classification

Type: location of the deformity (apical level of the major curve OR sagittal plane only)
Type I: thoracic-only scoliosis (no thoracolumbar or lumbar component)
Type II: upper thoracic major, apex T4–T8 (with thoracolumbar or lumbar curve)
Type III: lower thoracic major, apex T9–T10 (with thoracolumbar/ lumbar curve)
Type IV: thoracolumbar major curve, apex T11–L1 (with any other minor curve)
Type V: lumbar major curve, apex L2–L4 (with any other minor curve)
Type K: deformity in the sagittal plane only

Lordosis modifier: sagittal Cobb angle from T12–S1
A: marked lordosis _40°
B: moderate lordosis 0°–40°
C: no lordosis present Cobb _0°

Subluxation modifier: frontal or sagittal plane (anterior or posterior), 
maximum value
0 : no subluxation
+: subluxation 1–6 mm
++: subluxation _7 mm

Global Balance modifier: Sagittal plane C7 offset from posterior superior corner S1
N: normal (0–4 cm)
P: positive (4–9.5 cm)
VP: very positive (_9.5 cm)

Schwab et al [5] classification firstly categorizes the deformity according to its location: apical level of 
the major curve in the coronal plane (Type I to V) or sagittal pane deformity-only (Type K). 3 sets of 
modifiers were established, which were found to correlate with pain and disability: Lordosis measured 
according to the Cobb technique in the sagittal plane from T12 to S1, maximal subluxation expressed 
in mm and measure in both coronal and sagittal plane, and global balance measured as the sagittal 
plane C7 offset from the postero-superior corner of S1.
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laminectomies in pediatric patients with 
incomplete bone development, post-
laminectomy kyphosis is seen more 
commonly than in adult patients [17,18]. 
The rate of post-laminectomy kyphosis may 
become much greater in the population of 
pediatric patients with malignant 
intramedullary pathologies following 
radiotherapy treatment [17,19]. 

Natural History 

Adult Scoliosis:
Idiopathic curves:(type 2 curves)[20]:
Lumbar curves of more than 30⁰ degrees 
with apical vertebral rotation of more than 
30% progressed the most. Right sided 
lumbar curves tended to progress twice as 
much as left lumbar curves. Also, marked 
vertebral rotation combined with 
translational shift (lateral olisthesis) was 
associated with significant curve 
progression. The thoracolumbar curve 
pattern manifested the most pronounced 
amount of apical vertebral rotation. The 
incidence of translatory shifts increased 
with time. Combined curves tended to 
balance with age, although lumbar part 
tended to progress more than the thoracic 
counter part. Weinstein and Ponsetti noted 
greater progression in lumbar curve if L5 
was not well seated over the sacrum and 
apical vertebral rotation was more than 33% 
[48].

De novo curves (type 1 curves)[20]:
Robin et al analysed 554 individuals 
longitudinally for 7 to 13 years (315 women 
and 239 men, age range 50 to 84 yrs). 179  

had curves exceeding 10⁰. Fifty five (10%) 
developed denovo scoliosis during this 
period. Left sided curves were common in 
women. Sex ratio (F:M) increased with 
curve size. Rotatory olisthesis was found in 
34% of patients, most common at L3-4 and 
L4-5 levels. As per a prospective study by 
Korovessis et al [21], risk factors directly 
related to curve progression were lateral 
olisthesis at the apical vertebra, a high 
Harrington factor (Cobb angle divided by 
number of vertebrae included in the curve) 
and the disc index.

Sagittal Plane Deformity:
The natural history of hyperkyphosis is not 
firmly established. Hyperkyphosis may 
develop from either muscle weakness and 
degenerative disc disease, leading to 
vertebral fractures and worsening 
hyperkyphosis, or from initial vertebral 
fractures that precipitate its development

Cause  And Progression Of Adult 
Deformity (scoliosis, sagittal deformity, 
iatrogenic deformity)

Scoliosis:
The clinical syndrome of spinal 
osteoporosis is characterized by the 
occurrence of non-traumaticvertebral 
fractures and a disproportionately large 
amount of loss of trabecular bone necessary 
for the maintenance of vertebral strength 
[25,26].
Significant correlations exist between the 
bone mineral content, the compressive 
strength of the vertebrae [27,27,29], 
vertebral fractures, hyperkyphosis, and back 

pain. What remains unresolved is the role 
played by decreased vertebral bone mineral 
content in the development and progression 
of scoliosis in the adult. Shands and Eisberg 
noted a higher incidence of scoliosis in 
persons over 60years of age. Later, 
Vanderpool et al [30] reported scoliosis in 
6%of persons over 50 years, and 36%more 
in those with osteoporosis. Those authors 
noted that scoliosis can arise in the elderly 
and is etiologically related to the higher 
incidence of metabolic bone disease. In an 
epidemiological study of routine 
anteropostenor (AP) chest and recumbent 
roentgenograms of the lower thoracic and 
lumbar spine, Robin et a1 .concluded that 
there was no basis for assuming a causal 
relationship between scoliosis and 
osteoporosis .But several theories could 
explain the association between fractures 
and scoliosis. Fractures may cause scoliosis, 
or, conversely scoliosis may cause fractures. 
Alternatively, scoliosis and fractures may be 
manifestations of the same underlying 
condition so that they would be expected to 
occur together frequently. The posterior 
spinal elements, facet joints. and 
ligamentous structures are not disrupted in 
osteoporotic compression fractures and may 
provide a fixed axis for sagittal and coronal 
spinal deformities. Yet this explanation does 
not account for the rotatory component of 
the deformity seen in osteoporotic patients. 
Mechanical factors that increase the forces 
applied to a vertebra increase the likelihood 
of that vertebra mechanically failing. 
Theoretically, a collagen abnormality may 
be responsible for osteoporosis and so 
called idiopathic scoliosis. Thus, several 

Figure 3: D12 Osteoporotic # with neurological involvement with angular kyphosis 
with dexa (spine:-3.5,radius:-2.8)managed with posterior decompression with 
cement augmented posterior stabilization 

Figure 4: Case of Proximal Junctional Kyphosis in an 
osteoporotic spine,managed with extension of fixation proximally
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independent lines of evidence support the 
finding of a high concordance between 
osteoporosis and scoliosis. Fractures in 
osteoporotic or scoliotic patients would 
result from routine loading of an inherently 
weak spinal connective tissue [31]

The asymmetric degeneration of the disc 
and/or the facet joints leads to an 
asymmetric loading of the spinal segment 
and consequently of a whole spinal area. 
This again leads to an asymmetric 
deformity. Such a deformity again triggers 
asymmetric degeneration and induces 
asymmetric loading, creating a vicious cycle  
and enhancing curve progression. The 
destruction of structural spinal elements like 
discs, facet joints, and joint capsules 
responsible for stability leads to uni- or 
multi-segmental, multi-directional 
instability and can manifest as 
spondylolisthesis or translational or rotary 
olisthesis. The biological reaction is the 
formation of osteophytes at facet joint and 
vertebral end plates contributing to 
increasing narrowing of the spinal canal 
with facetjoint and ligamentum flavum 
hypertrophy and calcification. Effective 
narrowing of the spinal canal caliber causes 
central and lateral recess spinal stenosis 
[32,33]. Instability and collapse of the disc 
height leads to foraminal stenosis, with 
radicular pain or neurogenic claudication-
type pain.

The asymmetric loading, coupled with 
degeneration, triggers a vicious cycle 
enhancing curve progression. This is fueled 
by common metabolic bone disorders like 
osteoporosis especially in post-menopause 
female patients leading to further 
asymmetric deformation and collapse in the 
weakened osteoporotic vertebra with 
subsequent curve progression.34

Sagittal Plane Deformity:
Sagittal postural deformities begin with 
localized kyphosis due to either fracture or 
asymptomatic insidious collapse at the 
thoracic and/or thoracolumbar spine . This 
increased kyphosis (round back) can be 
readily compensated by increasing lumbar 
lordosis, resulting in the formation of the 
hollow round back 35. Compensated upper 
thoracic lordosis for wedged vertebral 

fractures at the thoracolumbar junction 
results in lower acute kyphosis .If 
progressing round back cannot be 
compensated by lumbar lordosis, kyphosis 
extends down to the lumbar region, 
resulting in whole kyphosis. Therefore, 
whole kyphosis cannot be compensated by 
other spinal segments. Because lumbar 
kyphosis is thought to be related to 
weakness of the spinal extensors [36], 
whole kyphosis usually forces the patient to 
use a cane while standing and walking [35]. 
These uncompensated conditions seemed 
to contribute impairment of all the domain 
scores in the whole kyphosis group, 
especially in the activities of daily living 
domain score, resulting in a significant 
reduction in the total quality of  life score 
compared with other postural deformities.

Iatrogenic Deformity:
Risk factors for PJK included age at 
operation, low bone mineral density, shorter 
fusion constructs, upper instrumented 
vertebrae below L2, and inadequate 
restoration of global sagittal balance. 
Osteopenia/osteoporosis has been 
established as a significant risk factor for 
proximal junctional kyphosis. Both 
symptomatic and asymptomatic 
compression fractures that kyphose the 
spine are not uncommon in the elderly. In 
addition, the elderly tend to have more 
kyphosis in their thoracic spine. For this 
reason, longer instrumented fusions that 
span the entire thoracic spine are often 
needed [37]

Implications of Deformity Progession:
In the domain of spinal surgery, it is useful 
to recall important concepts that can serve 
as a foundation to understanding and 
treating deformity. Optimal alignment of 
bone structures and joints is critical for the 
efficient function of the musculoskeletal 
system. Furthermore, a complex interaction 
of the neurologic system and muscular 
recruitment is necessary for ergonomic 
balance and deliberate displacement of the 
human body. Therefore, it is important to 
consider that ideal spinal alignment allows 
an individual to assume standing posture 
with minimal muscular energy expenditure. 
Physiologic curvatures of the spine in the 
sagittal plane, the straight spine in the 

coronal plane, balanced tension of the spinal 
ligaments, and activation of intrinsic 
anterior and posterior musculature should 
permit extended pain free erect position. 
This concept is reflected in the “Cone of 
Economy” principle conceptualized by Jean 
Dubousset [46] (Figure 1). Within the 
center of the cone, the individual may 
remain in an ergonomically favorable erect 
position. However, larger deviations in the 
anterior posterior
or lateral plane will require greater energy 
use to maintain a standing position. Finally, 
progression outside of the “stable cone” 
results in a loss of postural control and the 
need for external supports.

In the setting of adult spinal deformity 
(ASD), structural or iatrogenic 
modifications to spinal alignment should be 
considered . Spinal malalignment in ASD 
challenges balance mechanisms used for 
maintenance of an upright posture to 
achieve the basic human needs of preserving 
level visual gaze and retaining the head over 
the pelvis. Progressive severity in skeletal 
malalignment might result in greater 
recruitment in muscular effort and greater 
energy expenditure to maintain the erect 
posture as well as use of compensatory 
mechanisms. Spinal malalignment to the 
extremes of the “Cone of Economy” leads to 
extreme muscular demand, fatigue, and 
significant pain as well as disability. Once a 
spinal deformity has reached
the level of marked loss in function and 
quality of life, surgical intervention is often 
recommended and requested [46,47]

Influence of Osteoporosis on 
Management of Adult Deformity
The surgical treatment is complicated by the 
weak bone where implants are more difficult 
to be anchored and fixed, making the 
instrumented fusion prone to 
instrumentation-related complications. 
Trabecular bone is predominantly affected 
by osteoporosis, and because the pedicle 
screw has cortical contact limited to the 
pedicle isthmus, a “windshield wiper” mode 
of failure typically leads to screw loosening 
[38]. Therefore, fixation strategies for 
osteoporotic bone are targeted either 
toward taking advantage of the relatively 
stronger cortical bone [39] or toward 
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