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Introduction

Brazil is in the midst of a demographic transition due to
populational aging.1 The proportion of people >65 years old
went from 3.5% in 1970 to 5.5% of the population in 2000. It is
estimated that the elderly will account for 19% of the Brazil-
ian population in 2050.2

This phenomenon has significant implications for health
care; most importantly, it increases the incidence and the

prevalence of musculoskeletal degenerative processes, in-
cluding adult scoliosis (AS). In different studies, the preva-
lence of vertebral deformities in people>65 years old ranges
from 32 to 68%.3

Adult scoliosis is defined as a spinal deformity featuring a
Cobb angle> 10o in the coronal plane in a skeletally mature
patient.4 Adult scoliosis may result from a spinal degenera-
tive condition (referred to as scoliosis de novo), progression
of a pre-existing scoliosis during childhood/adolescence
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Abstract Populational aging increases the incidence of musculoskeletal degenerative processes,
such as adult scoliosis (AS). Adult scoliosis is defined as a spinal deformity in the coronal
plane with a Cobb angle> 10°. Adult scoliosis may be iatrogenic or result from a
degenerative process (scoliosis de novo) or a pre-existing scoliosis.
Adult scoliosis is a potentially limiting condition that affects a heterogeneous group of
patients. Clinical treatment proved to be ineffective and surgery is often indicated. The
present paper reviews AS pathophysiology, clinical presentation and diagnosis, in
addition to surgical indications and the main techniques currently used.
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Resumo O envelhecimento da população aumenta a incidência dos processos degenerativos
osteomusculares, como a escoliose do adulto (EA). A EA é definida como uma
deformidade da coluna no plano coronal com ângulo de Cobb> 10° e pode ocorrer
devido a um processo degenerativo (escoliose de novo), evolução de uma escoliose pré-
existente ou de forma iatrogênica.
A EA é uma doença potencialmente limitante que acomete um grupo heterogêneo de
pacientes. O tratamento clínico se mostrou pouco efetivo e a indicação cirúrgica é
frequente. No presente artigo, é apresentada uma revisão sobre a fisiopatologia, a
manifestação clínica e o diagnóstico da EA. Também são apresentadas as indicações
cirúrgicas e as principais técnicas utilizadas atualmente.
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(adult idiopathic scoliosis [AIS]), systemic diseases and pre-
vious spine surgery.5

Its debilitating effect on the general health of the patients
must be highlighted. Bess et al6 observed that patients with
vertebral deformity present a higher prevalence of psychiat-
ric conditions and worse quality of life in comparison to
same-age counterparts or people with general chronic dis-
eases, such as diabetes and high blood pressure. The limita-
tion imposed by the severe coronal and sagittal imbalanceis
similar to that associated with cancer, visual impairment or
restricted use of the upper and lower limbs.

The number of patients with AS submitted to surgery
increases every year; today, AS correction presents the high-
est proportional growth among spine surgical procedures.7

The treatment of AS becomes a challenge due to its high
surgical complexity, clinically compromised patients and
high health costs.

Pathophysiology

It is believed that disc degeneration triggers AS. As people
age, the intervertebral disc loses proteoglycans due to the
increased activity of proteases, leading to a decrease in
osmotic pressure and disc hydration.8 It has been shown
that, starting at 15 years old, annular lesions are common
and compromise disc biomechanics. This process results in
disc height loss and disc inability to perform its stabilizing
role, leading to facet joints overload.9

Facet joints overload is often asymmetrical, which con-
tributes to the progressive deformity and increases the
likelihood of associated central and foraminal stenosis. Axial
rotation is especially known to compromise the spinal
ligamentous complex, resulting in laterolisthesis.9,10

A number of factors are related to AS development,
including liposubstitution of paravertebral muscles, disc
impairment due to smoking, obesity, genetic inheritance,
development of neurodegenerative conditions and senile
changes in balance and mobility.3,10,11

Osteoporosis was thought to be implicated in AS develop-
ment; however, this assumption has been refuted by most
current studies, which suggest that the prevalence of osteopo-
rosis is similar among AS patients and the general population.
There was no correlation between the degree of osteopenia
and curve magnitude. It was revealed that bone mineral
density is higher on the concave side of the curve and on the
ipsilateral femur when compared with the other side.12

Clinical Presentation

Clinical presentation is variable due to the heterogeneity of
patients. Symptoms of central stenosis with neurogenic clau-
dication are reported in up to 90% of patients. Patients with
adult degenerative scoliosis also experience symptom relief
when they sit and support the trunk with the upper limbs.9,13

Low back pain is present in 60 to 80% of patients,mainly on
the convex side of the curve, and it is caused by degenerative
changes and muscle fatigue resulting from sagittal/coronal
imbalance. Radiculopathyatoneormultiple levels affects47 to

78%of thepatients, and it results from facet hypertrophyat the
concave side of the curve and laterolisthesis.14

Postural changes resulting from a fixed deformity or com-
pensatory mechanisms are frequent and must be evaluated
routinely. Trunk inclination, pelvic and scapular asymmetries,
hypo-/hyperkyphosis, hips, knees and ankles flexion and
extension degree when standing and walking, in addition to
horizon line evaluation, are the main points of analysis.15

Pain, neurological complaints and limitations in daily living
activities aremore commonly reported inASpatients compared
to adolescent patients, in whom the aesthetic deformity and
curve progression are the main reasons for dissatisfaction.16

Adult scoliosis due to a degenerative process, referred to as
scoliosis de novo, affects both genders similarly; it often starts
at 50 years old and has relevant clinical repercussions when
the patient is� 70.5 years old. The condition affects 32 to 68%
of individuals >65 years old.10,11 It typically involves the
lumbar spine with a Cobb angle< 40°. The association with
laterolisthesisis frequent, and a compensatory thoracic curve
is occasionally seen.10 Compared to adult idiopathic scoliosis,
curves resulting fromscoliosis de novopresent less angulation,
but greater progression (1.64°/year versus 0.82°/year).17

Adult idiopathic scoliosis is observed in patients with pre-
existing scoliosis, mainly females, and it occurs in two main
patterns. One group shows steady progression after skeletal
maturity; in the other group, however, the curve starts to
progress around the 4th and 5th decades of life, after meno-
pause.17 Compared to scoliosis de novo, AIS presents less
central stenosis, larger Cobb angles (mean value,> 50°) and
more frequent compensatory thoracic curves, butlaterolis-
thesis/spondylolisthesis rates and coronal/sagittal imbalan-
ceare less common.14

Rotational deformityis observed throughout the lumbar
spine in AIS, but it is limited to the apex of the curve and
accompanied by laterolisthesis in scoliosis de novo.14

Radiological evaluation

An orthostatic spinal panoramic radiography is the primary
test for AS diagnosis and classification. Although the evalua-
tion of such cases has been mainly performed on the coronal
plane, sagittal balance has been deemed important in recent
decades, and its routine study is essential.18

Adequate radiographic images are crucial; they must
include the region from the skull base, proximally, to the
femoral heads, distally. Whenever possible, the patient
should be in orthostasis with no support, allowing the
evaluation of any compensatorymechanism. Patients unable
to walk must be radiographed while sitting down.

Deformity flexibility or the presence of structured curves
can be assessed using dynamic radiographs under inclination
or traction. This information can help preoperative planning,
predicting which techniques will be required for proper
deformity correction and any intraoperative challenges.

At the coronal plane, it is recommended to measure the
Cobb angle measurement in all curves, identify terminal,
stable and neutral vertebrae and assesscoronal balance
(through the distance between a plumb line in C7 and a
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central sacral vertical line) and pelvic obliquity (if present,
rule out a potential lower limb discrepancy).10

At the sagittal plane (►Figure 1), the global sagittal
balance must be evaluated using the distance between a
plumb line in C7 and another vertical line passing through
the posterosuperior border of S1. Spinopelvic parameters,
lumbar lordosis and thoracic kyphosis must also be
assessed.10

On radiographic analysis, the increased apical vertebra
rotation (� grade 3 according to the Nash-Moemethod)Cobb
angles> 30o, intervertebral discs asymmetry above and be-
low apical vertebra, laterolisthesis> 6millimeters and inter-
iliac line (line between the upper aspects of both iliac crests)
sectioning L5 instead of L4 are predictive of curve progres-
sion. The presence of anterior osteophytes increases spinal
stability.19

The evaluation of spinopelvic parameters is essential for
the classification and determination of the best surgical
strategy (►Table 1). According to the Oswestry Disability
Index (ODI), a pelvic tilt (PT) of 22°, sagittal vertical axis (SVA)
of 46mm and pelvic incidence minus lumbar lordosis (PI-LL)
of 11° are predictive of disability (ODI> 40) and considered
sagittal modifiers for the SRS-Schwab classification.20

A supplementary study using computed tomography (CT)
and magnetic resonance imaging (MRI), even though unable
to identify dynamic orthostatic factors, is beneficial because
it allows three-dimensional (3D) image reproduction and
shows details of bone components and intraand extraverte-
bral soft tissues. Computed tomography is better to detail-
bone features, including facet arthrosis, vertebral rotation
and pedicle diameter. On the other hand, MRI provides
information on disc involvement, central and foraminal
stenosis and paravertebral muscles liposubstitution.15

Biplane imagingdeviceswith3Dcapacityare relativelynew
and promising diagnostic methods with lower radiation rates.
This equipment provideswhole-body images, including the
head, the spine, the pelvis and the lower limbs, optimizing the
analysis of the overall balance of the patient.21

Classification Systems

The SRS-Schwab is the classification method currently used
due to its descriptive power, reproducibility and correlation
with quality of life (►Figure 2).20 Initially, the Cobb angle
must be measured at the coronal plane and the deformityis

Fig. 1 SVA, Sagittal vertical axis; LL, Lumbar Lordosis; TK, Thoracic Kyphosis; SS, Sacral slope; PT, Pelvic Tilt; PI, Pelvic incidence.

Table 1 Radiographic Parameter Thresholds Predictive of an
Oswestry Disability Index Score of 4020

Radiographic
parameter

RadiographicalThreshold r

PI-LL 11o 0.45

PT 22o 0.38

SVA 46mm 0.47

Abbreviations: PI, pelvicincidence; LL, lumbarlordosis; PT, pelvictilt;
SVA, sagittal vertical axis.
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characterized. Next, the sagittal plane is assessed through
three sagittal modifiers.

As previously mentioned, the presence of a “þ ” or “þþ”

score in any sagittal modifieris predictive of worse clinical
performance.

Comparison of results obtained with different techniques
is severely limited due to thewide variety of osteotomies and
terminologies for AS treatment. To overcome this problem,
Schwab et al proposed an anatomical classification of osteot-
omies based on the resection site (►Figure 3).22

Anterolateral interbody fusion has gained popularity in
the last decade. Although it was initially used for indirect
decompression, anterolateral interbody fusion became part
of the therapeutic arsenal for adult deformities. In anterior
column realignment (ACR) procedures, a section of the
anterior longitudinal ligament(ALL)is added to increasing
their corrective power.23

Since ACR procedures provide mobility to the three Denis
columns, it is a minimally invasive technique to correct adult
deformities that were previously exclusively treated with
osteotomies.23

To facilitate the communication between surgeons and
standardize ACR interventions in clinical research, Uribe et al
proposed a new classification based on an anatomical clas-
sification for osteotomies (►Figure 4).23

Grade A is unique since it is corrected through an
anterior or lateral approach, with no posterior osteotomies.

In these cases, angular correction is achieved with all
section and a 20° or 30° hyperlordotic cage is used. Approx-
imately 7.8° of lordosis per segment is achieved with 30°
cages.23 Further grades are based on the performance of
posterior osteotomies (Schwab modifier) and ACRroute
(approach modifier).

Treatment

Clinical Treatment
Despite the absence of consistent scientific evidence to
warrant their indication, nonsurgical methods often are
the first line of treatment. Studies recommending physical
therapy, stretching, manual therapy and local heat applica-
tion for AS patients are scarce, with evidence level IV.24

Acupuncture and cognitive behavioral therapy may be con-
sidered in cases of chronic pain. The use of vests was not
deemed effective.25

Medical treatment is based on analgesics, non-steroidal
anti-inflammatory drugs, anticonvulsants and antidepres-
sants. The assessment of bone mineral density must be
performed routinely, and specific treatment must be insti-
tuted if osteoporosis is diagnosed. Epidural and trigger point
infiltrations or peripheral nerve blocks are beneficial as
therapeutic evidence and provide short and medium-term
pain relief, although further studies on their long-term
effects are required.26

Fig. 2 SRS-SchwabClassification.20 PI, Pelvic incidence; LL, Lumbar lordosis; SVA, Sagittal vertical axis; PT, Pelvic Tilt.
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Clinical treatment has better results in patients with
mild, nonprogressive deformities and few symptoms. In a
multicenter study, Passias et al27 compared clinical, surgical
and clinical-to-surgical (crossover) treatments and ob-
served that participants who opted for surgery had more
limitations and worse performance in pain/quality of life
scores.

Surgical Treatment
The main indications for surgery are daily living activity
limitations, pain, neurological symptoms, confirmed curve
progression and conservative treatment failure25 In radio-
graphic terms, surgical intervention is recommended in
lumbar curves >30° to 40°, 6mm laterolisthesis, curve
progression >10° or subluxation >3mm9

The main points to considerfor surgical indication are the
reestablishment of global (mostly sagittal) balance param-
eters and neurological decompression. The high prevalence
of comorbidities in this population, surgical complexity and
expectations of the patients about their treatment must also
be considered.

Most studies comparing clinical and surgical adult defor-
mity treatment favor surgical intervention. Operated
patients show statistically significant improvement in qual-
ity of life, pain, performance and less chance of clinical
deterioration compared to those submitted tothe conserva-
tive treatment.28

Surgical treatment may be performed using several tech-
niques, which were hierarchically subdivided by Silva and
Lenke9 in six groups: I, decompression alone; II, decompres-
sion andlimited instrumented posteriorspinal fusion; III, de-
compression and lumbar curve instrumented fusion; IV,
decompression with anterior and posterior spinal instru-
mented fusion; V, thoracic instrumentation and fusion exten-
sion; and VI, inclusion of osteotomies for specific deformities.

Decompression alone is best indicated in patients with
neurological symptoms, stable lumbar curves (Cobb <30°,
<2mm laterolisthesisand anterior osteophytes) and no axial
pain.14 In similar cases with potential instability and requir-
ing extensive decompression, arthrodesis only of the
addressed segment must be considered if sagittal and coro-
nal balance are spared.29

Fig. 3 A graduated and simplified anatomically based osteotomy classification system by Schwab et al.22 Grade 1: partial facet joint; Grade 2:
complete facet joint; Grade 3: pedicle and partial body; Grade 4: pedicle, partial body, and disc; Grade 5: complete vertebra and discs; Grade 6:
multiplevertebrae and discs.
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In patients at risk of pseudoarthrosis and at long lumbar
fusion planning, the association of interbody arthrodesis is
beneficial, especially at lower lumbar levels, when lumbosa-
cral fusion is performed9 Anterior and lateral approach
techniques, in addition to providing direct and indirect
decompression by foraminal distraction, allow the use of

larger cages with lower risk of plateau fracture (subsidence)
and potential for angular correction insagittal and coronal
planes.10,29

Arthrodesis extension to the thoracic spine may be
required in the presence of significant global imbalance
associated with increased thoracic kyphosis to reducethe

Fig. 4 Anterior column realignment classification.23
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chance of proximal junctional kyphosis. T10 or cephalic
fusion is preferred due to the stability conferred by the
articulation of the respective (true) ribs to the sternum at
such levels, which is not observed with floating ribs (T11
and T12).9,30

Caseswith rigid deformities (<30% correction on dynamic
radiographs) or previous arthrodesis with significant sagittal
imbalance are eligible for osteotomies. Osteotomies restore
vertebral balance and decrease the burden on bone/hard-
ware interface and the chance of mechanical failure.9 Even
though these procedures increase surgical time, bleeding
and perioperative morbidity, sagittal balance correction
proved to be the single factor with best impact on postoper-
ative outcomes.19

The following principles are recommended for choosing
arthrodesis levels:10

§ Do not stop at the apex of the curve
§ Do not stop at an area of kyphosis
§ Include severe lateral subluxation
§ Include spondylolisthesis or retrolisthesis
§Upper instrumentedvertebra should ideally behorizontal
§ Iliacfixation should be strongly considered in longfusions

Surgical Techniques
Posterolateral fusion (PLF) has shorter surgical time, bleed-
ing and postoperative complications compared to transfor-
aminal interbody lumbar fusion (TLIF). However, TLIF
showed better sagittal correction and better clinical out-
comes regarding pain and satisfaction.31 In general, surgeries
with interbody arthrodesis for AS have better clinical out-
comes than strict PLF32

Anterior lumbar interbody fusion (ALIF) has the advantage
of anterior release and decompression optimization due to
the placement of larger intervertebral implants, enabling
greater sagittal corrections and lower subsidence rateswhen
compared to posterior techniques.33 It is suitable for L4-L5
and especially L5-S1 levels due to the local vascular anatomy.
Vascular and visceral injury,as well as retrograde ejaculation,
are potential complications32

Lateral lumbarinterbodyfusion (LLIF) has gained popular-
ity in recent years and allows T12-L1 to L4-L5 correction in
the sagittal and coronal planes with robust implants, such as
ALIF; in addition, it is surgically easier in patients with
previous abdominal surgeries or who are obese. Its disad-
vantages are the difficult access to the L5-S1 disc due to the
iliac crest, the long learning curve and the risk of psoas
weakening and lumbar plexus damage.19

In a prospective multicenter study with 107 patients
undergoing LLIF due to adult degenerative scoliosis, Phi-
lips et al34 reported improvement in ODI score, visual
analog scale (VAS) and SF-36 quality of life questionnaire.
The average Cobb angle corrected from 20.9° to 13.5° in
the postoperative period and remained at 15.2° after
2 years of follow-up. In patients with reduced lumbar
lordosis, the average Cobb angle went from 27.7° to 33.6°
in 2years.

The prolonged surgical time and high perioperative mor-
bidity rate associated with classic procedures led to the

current effort to develop minimally invasive (MIS) techni-
ques, which had encouraging preliminary results.

Complications

In a case review conducted by the Scoliosis Research Society
(SRS), the rate of surgical complications in AS is 13.4%,
although other studies reported rates up to 40%. Dura-mater
damage, implant failure, superficial and deep wound infec-
tion and neurological deficits are the most frequent inju-
ries.35 Obese, smoking, osteoporotic and elderly patients (>
65 years) are at additional risk.11

Proximal junctional kyphosis occurs in 20 to 40% of
patients; its presentation may be early or late. Current techni-
ques are associated with lower pseudoarthrosisrates, ranging
from 4 to 24% according to recent studies. Reoperation rates
range from 16.7% within 90 days to 40% in 11 years.11

Given the clinical characteristics of this group, systemic
complications such as acute myocardial infarction, pneumo-
nia, adynamic ileum, deep vein thrombosis and urinary tract
infection are not uncommon.

Final Considerations

Adult degenerative scoliosis is a potentially limiting disease
that affects a heterogeneous group of patients with impor-
tant clinical limitations. Clinical treatment proved to be
ineffective and surgical indication is frequent. It represents
a challenge to spine surgeons due to its complexity and
increased prevalence.

Clinical and radiological evaluation must carefully deter-
mine the real originof the symptoms.Decompressionofneuro-
logical structures and maintenance of sagittal and coronal
balance, whenever possible, must be the main therapeutic
goals.

Minimally invasive techniques are being developed and
their improvement might reduce the incidence of postoper-
ative complications and provide better results. As such,
further studies are required to attest the real benefit of these
procedures in AS treatment.

Note
This is an “Update Article”, with no requirement for
approval by the Research Ethics Committee.
The authors attest that the present study was carried out
without the direct participation of human beings.
Study developed at the Division of Vertebral Spine Sur-
gery, Department of Orthopedics and Traumatology of the
Hospital das Clinicas HCFMUSP, Faculdade de Medicina,
Universidade de São Paulo, São Paulo, SP, BR.
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