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Abstract Adolescent idiopathic scoliosis is considered the most severe and common spinal
deformity, affecting children and adolescents still in the neuropsychomotor develop-
ment phase before they reach skeletal maturity.
This study aimed to evaluate the surgical approach to adolescent idiopathic scoliosis (AIS),
considering the results associated with the reduction of pathological curvature, pulmonary
function, and repercussions on the quality of life of adolescents undergoing such treatment.
Systematic literature review, with a quantitative and qualitative approach to the data
collected, structured according to the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA), carried out in the databases linked to
the Medical Literature Analysis and Retrieval System Online (MEDLINE) and Latin American
and Caribbean Health Sciences Literature (LILACS). The total sample of the studies was 638
adolescents with AIS, with a mean age of 14.93 years�1.24. The mean correction of the
main pathological curvature in the studies was 55.06%�12.24.
In all of the selected studies using posterior spinal fusion to correct AIS, there was a
significant reduction in pathological curvatures (> 49%), and the recurrence of
curvature in none of the studies exceeded a pathological gain of more than 5%. As
for lung function, the studies showed significant increases in forced expiratory volume
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Introduction

Adolescent idiopathic scoliosis (AIS) is considered the most
severe and common spinal deformity that affects children
and adolescents during the neuropsychomotor development
phase before they reach skeletal maturity, causing significant
alterations in the sagittal curvatures of the spine.1

This is a three-dimensional spine deformity in which
there is a process of lateral inclination and axial rotation
of the vertebral bodies at an angle of more than 10 degrees,
measured according to the Cobb method.2 To measure the
Cobb angle (CA), two-dimensional or three-dimensional
X-rays (X/2D or 3D) are taken in the sagittal and anteropos-
terior profiles. The CA is then calculated from perpendicular
lines from the projection of a tangent line at the top of the
vertebra, indicating the beginning of the curvature of the
spine, and another tangent line at the base of the vertebra,
indicating the end of the curvature of the spine.3

Various studies indicate that the prevalence of AIS varies
between 0.35 and 5.2%.4,5 In a study conducted in São Paulo,
Brazil, the overall prevalence of AIS in adolescents was 1.5%,
considering a total sample of 2,562 adolescents aged be-
tween 10 and 14. There was also a higher prevalence in
females (2.2%) than males (0.5%).6

Curvatures usually progress in up to ⅔of patients before
they reach skeletal maturity, and angles greater than 50° are
associated with various pathophysiological repercussions.7

The literature reports high levels of disability, intense pain,
and significant cardiovascular impairment.8However, recent
data shows that idiopathic scoliosis has significant variabili-
ty in the type of curvature, location, and etiopathogenesis,
which can lead to different clinical outcomes and functional
limitations.9

The risk factors for progression of the curvature include
age under 12, premenarcheal girls with CA curves � 20°, as
well as the presence of double and thoracic curves, and Risser
grade 0 or 1.10

The approach to AIS cases aims to reduce or stop the
progression of the curvature during puberty and prevent
cardiorespiratory dysfunctions and vertebral pain syn-
dromes. Among the available alternatives are orthotics,
therapeutic exercise protocols, and a surgical approach.
Surgical correction is indicated in patients with skeletal
immaturity and curves with CA � 50°, although some
individual peculiarities may lead to a surgical approach in
patients with CA between 40 and 50° or even individuals
who already have skeletal maturity and CA � 50°.11,12

The surgical approach to AIS aims to prevent the progres-
sion of the curvature and achieve permanent correction of
the deformity. The surgical treatment aims to maintain the
spine’s stability in the sagittal and coronal planes, preserving
as manymobile segments as possible.13,14 The present study
aimed to evaluate the surgical approach to AIS, considering
the results associated with curvature reduction, pulmonary

in 1 second (FEV1) and forced vital capacity (FVC) in patients with severe AIS, and no
pulmonary function losses were reported after surgery to correct AIS.

Resumo A escoliose idiopática do adolescente (EIA) é considerada a deformidade vertebral de
maior gravidade e ocorrência, que acomete crianças e adolescentes ainda na fase de
desenvolvimento neuropsicomotor, antes de atingirem a maturidade esquelética.
Este estudo teve como objetivo avaliar a abordagem cirúrgica da EIA, considerando
resultados associados à redução de curvatura patológica, função pulmonar e reper-
cussões na qualidade de vida dos adolescentes submetidos a tal tratamento.
Revisão Sistemática de literatura, com abordagem quanti-qualitativa dos dados
coletados, cuja estruturação se deu conforme as orientações de Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) realizada nas bases de dados
vinculadas à Medical Literature Analysis and Retrieval System Online (MEDLINE) e
Literatura Latino-Americana e do Caribe em Ciências da Saúde (LILACS). A amostra
total dos estudos foi de 638 adolescentes com EIA, com uma idade média de 14,93
anos�1,24.
A correção média da curvatura patológica principal nos estudos foi de 55,06%� 12,24.
Em todos os estudos selecionados com fusão espinhal posterior para correção da EIA
verificou-se redução significativa das curvaturas patológicas (> 49%), sendo que a
reincidência de curvatura em nenhum dos estudos superou um ganho patológico
superior a 5%. Quanto à função pulmonar, os estudos apontaram ganhos significativos
de volume expiratório forçado em 1 segundo (VEF1) e capacidade vital forçada (CVF)
em pacientes com EIA grave. Além disso, não foram relatados prejuízos de função
pulmonar após intervenção cirúrgica para correção da EIA.
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function, and repercussions on the quality of life of adoles-
cents undergoing this treatment.

Materials and Methods

A systematic literature review, with a quantitative and
qualitative approach to the data collected, was structured
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)12 guidelines. A check-
list was then drawn up to analyze the results. A four-stage
flow diagram was used to analyze the data in detail.

The search for studies that met the established criteria
took place in March 2023 in databases linked to the Medical
Literature Analysis and Retrieval System Online (MEDLINE)
and Latin American and Caribbean Literature in Health
Sciences (LILACS), using the SPICE strategy13 to identify
the relevant studies:

- Setting: Patients with AIS
- Perspective: Individuals with arthrogryposis and
clubfoot;

- Intervention: Surgical correction;
- Comparison: Reduction in pathological curvature,
improvement in pain, improvement in quality of life
and lung function;

- Evaluation: Rate or occurrence of pathological curvature
recurrence or lung function worsening.

The medical subject heading MeSH terms were used in
combination, according to the following structure:

- Scoliosis AND Adolescent AND Orthopedic Procedures

Subsequently, the studies were sorted according to their
subjectmatter, restricting them to studies that dealt with the
surgical correction of adolescent idiopathic scoliosis.

Inclusion and Exclusion Criteria
Studies that met the following criteria were included: (1)
studies with humans, age group<18 years; (2) patients diag-
nosed with AIS; (3) studies addressing patients treated with
surgical correction; (4) studies published between 2018 and
2023, and (5) original studies, preferably randomized ones.

Studies with the following criteria were excluded: (1)
experimental studies using animal models; (2) non-original
studies - literature reviews; (3) opinion studies; (4) studies
that addressed other approaches to managing AIS without a
surgical approach; (5) studies published more than 5 years
ago, and (6) studies that did not meet the other inclusion
criteria mentioned above.

The studies were searched and selected by two reviewers
who independently analyzed them. Initially, using the MeSH
terms mentioned above and Boolean operators, studies
published in the last 5 years (2018-2023) were selected,
followed by an analysis of titles and abstracts. This stage
excluded studies using animal models, opinion articles,
studies not considering the surgical approach to AIS, and
literature reviews.

Once this stage had been completed, the full texts of the
articles were retrieved for analysis of the other inclusion and

exclusion criteria. Duplicate citations and studies not corre-
sponding to the proposed review parameters were also
excluded. Possible disagreements were resolved by discus-
sion with a third reviewer, and inclusion was decided after
consensus with the two primary reviewers.

Epidemiological and demographic data were extracted
using aMicrosoft Excel (Microsoft Corp., Redmond,WA, USA)
spreadsheet, including parameters such as the number of
patients, the initial and final degree of curvature of the AIS,
treatment strategies, recurrences, complications, and the
results obtained.

The systematic review protocol was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) under the number ID CRD42023429455 to
improve the quality and suitability of the results to the
proposed objectives.

Results

After screening according to the PRISMA protocol, 83 studies
were initially retrieved, of which 8 were clinical practice
guidelines, 7 were systematic reviews, and 21 were opinion
studies or narrative reviews. Off-topic studies (n¼13) and
studies of a conservative approach to AIS (n¼25) were also
excluded. The following variables were considered for the
analysis of 8 studies: techniques used, curvature reduction,
improvement or maintenance of lung function, pain reduc-
tion or improvement in quality of life (►Fig. 1).

The total sample of these studies was 638 adolescents
with AIS, with a mean age of 14.93 years�1.24. The average

Fig. 1 Screening and selection of studies according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
methodology. Source: Elaborated by the authors (2023).
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correction of the main pathological curvature in the studies
was 55.06%�12.24 (►Table 1).15–21

►Fig. 2 shows the analysis of the mean correction of the
pathological curvature using the pre and postoperative
CAs.15–21

Discussion

Average correction of pathological curvatures
Themain objectives of the surgical approach to AIS are to correct
the pathological curvatures coronally and sagittally and to pre-
vent their progression. Thus, it is expected that after treatment,
therewill becorrectionof themainprimarycurveandsecondary
curveswhilemaintaining adequate lumbar lordosis and thoracic
kyphosis. The treatment aims to balance fusing as few mobile
segments as possible and reducing/correcting the existing defor-
mity. In addition to correcting the deformities, the expected
results are to improve and maintain lung function, reduce pain,
and improve quality of life.14

All the selected studies used posterior spinal fusion techni-
ques for AIS correction. One of the techniques described is
posterior spinal fusion with segmental pedicle screw in a
lumbar lesion and segmental hook and wiring in a thoracic
lesion (hybrid construction) using the ISOLA instrumentation

system (DePuy AcroMed, Raynham, MA, USA) without thor-
acoplasty.15 Direct vertebral rotation (DVR) techniques asso-
ciated with type-1 osteotomy have also been reported,16

Thoracic arthrodesis, thoracolumbar arthrodesis, and lumbar
arthrodesis.17,22,23

Lung Function after Surgery
Posterior and anterior spinal fusion techniques can correct
AIS. Although both types of approach offer correction of
pathological curvatures, some studies suggest that the ante-
rior approach with thoracotomy may result in a more
significant impairment of lung function. Pulmonary function
in the studies was assessed according to the values of forced
vital capacity (FVC) and forced expiratory volume in 1 second
(FEV1).15,24

In a 15-year longitudinal study carried out by Byun et al.15

among patients who did not have preoperative FVC
impairment (n¼35), no statistically significant differences
were found in the mean preoperative (74.0�19.8%) and
postoperative (76.4�16.0%) percentages, p¼0.63. On
the other hand, patients who already had preoperative
impairment benefited from the surgical approach.15

In a similar approach, including 39 patients with AIS aged
between 10 and 21 years, it was observed that after the

Table 1 Correlation between age at surgery and mean correction of the main pathological curvature in adolescents with
adolescent idiopathic scoliosis

Study Sample Average age Mean correction of
pathological curvature

Byun et al.15 35 patients with thoracic AIS 14.9 years 49.19%

Grabala et al.18 195 adolescents with AIS 14.3 years 59%

Zhang et al.19 11 adolescents with CA>130° 13.36 years 40.39%

Altaf et al.25 37 adolescents with AIS 14.6 years 33.4%

Santos et al.16 41 adolescents with AIS 17.8 years 68%

Sapriza et al.17 19 patients with AIS 14 years old 60%

Garcia et al.20 278 AIS patients operated on with selective,
traditional, and multiple fixations.

15 years 71%

Dittmar-Johnson et al.21 22 patients underwent corrective surgery for AIS 15.5 years 59.5%

Abbreviations: AIS, adolescent idiopathic scoliosis; CA, Cobb’s angle.
Source: Elaborated by the authors (2023).

Fig. 2 Mean correction of pathological curvature using the Cobb angle pre-and postoperatively.
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restoration of thoracic kyphosis, there was an improvement
in FEV1 from 2.74 to 2.98L (p¼0.005) and FVC from 3.23 to
3.47L (p¼0.008). However, total lung capacity did not
change after 5 years of follow-up.24

In one of the studies, including 88 patients with severe AIS
and107withmoderateAIS andanaveragedeformitycorrection
of 59%, significant gains in lung function were reported. After
2years, thesevereAISgroupobservedan improvement inFVCof
69.9% and FEV1 of 81%. In the moderate AIS group, FEV1
improved significantly (76.9%) after 2 years of follow-up.19

Concerning the type of vertebralfixation, one of the studies
discussed different possibilities for vertebral fixation, consid-
ering the degree of AIS correction required. The study refers to
treating three groups of patients with AIS who underwent
three different fixation approaches: traditional, selective, and
multiple. In thefirst groupoperatedon, theentire lengthof the
structuredcurvatureswasfixed, knownas traditionalfixation;
in the selectivefixationgroup, only themaincurvewasfixed to
preserve vertebral mobility. In the third group, multiple fixa-
tion occurred according to the flexibility test, defining
the degree of correction required and the vertebrae to befixed.
In the study, the traditional and multiple fixation techniques
corrected 75% and 78% of the pathological curvature, respec-
tively, while selective fixation corrected 60%. Considering all
the cases, the study showed an average correction of
71%�7.87 of the pathological curvatures of the AIS. The study
did not address the quality of life or pulmonary function
associated with the results obtained.20

Sapriza et al.17 followed 19 patients with AIS who under-
went surgical correction by posterior spinal fusion over 9.5
years, with an average of 10 fused intervertebral spaces per
patient. The mean preoperative angle was 58 (range 90–42).
The mean postoperative angle value before the end of the 1st

year was 23, for a correction rate of 60%. The average value of
the angle at the end of the follow-up was 26. Therefore, an
average correction of 5% was lost at the end of the follow-up.
Only 3 cases had a loss of more than 10%. The adolescents
considered their quality of life and body appearance im-
proved significantly after the follow-up period. The authors
did not analyze pulmonary repercussions in the study.

Santos et al.16 conducted a cross-sectional observational
study with 43 adolescents (mean age 17.8 years) with a CA
between 35 and 55° (mean CA 51.5°�13.7°). A posterior
approach was used with classic midline access. After subper-
iosteal dissection of the muscles, a Schwab type-1 osteotomy
was performed. In addition, the most proximal level of ar-
throdesis and Schwab type-2 osteotomies were performed on
the periapical vertebrae according to the subjective assess-
ment of curvature reducibility during the procedure. A 68%
correction of the primary thoracic curve was obtained. The
study did not report quality of life, pain, or lung function data.

In a study of 195 adolescents with AIS, 88 of whom were
classified as severe (AC>130°) and 107 asmoderate AIS, who
underwent a posterior approach for surgical correction of
the AIS, a mean correction of the deformity after the surgical
approach of 59% and a reduction in the number of individuals
with pain complaints from 36 to 8% were observed. In
patients with severe AIS (n¼88), the average curvature

was reduced from 131 to 61° and the average thoracic
kyphosis from 83 to 35°. Among patients with moderate
AIS, the reduction inmean curvaturewas 60 to 18°, and there
was no reduction in thoracic kyphosis in this group.18

In a study looking at posterior-only surgical correction
with halo-femoral traction, 11 adolescents with AC>130°
were evaluated over a mean follow-up period of 32.18�8.17
months. The mean preoperative coronal CA of the greater
curve was 139.01°�5.83°, and the mean flexibility was
17.21%�3.33%. After the approach, the coronal AC of the
greater curvature was reduced to 82.98°�6.91°, with a
correction rate of 40.39%. At the final follow-up, the rate of
corrective loss of CA was only 0.72%.19

In a study of 37 patients with moderate AIS (AC between
50 and 129°) who underwent thoracoplasty, a mean preop-
erative curvature of 50.0°�12.4° was observed, with a
subsequent reduction to 16.6°�6.3°. The mean correction
of deformity was 33.4%, with a mean improvement in FVC of
55.4% and FEV1 of 72%. In the study, the authors used the
Scoliosis Research Society (SRS) 22 score to analyze the
adolescents’ quality of life and found an improvement in
the score from 3.8 to 4.3 after surgery.25

A study by Dittmar-Johnson et al.21 included 22 patients
undergoing posterior spinal fusion for AIS correction with
pathological curves greater than 45°. The average age of the
patients was 15.5 years. The SRS 22 questionnaire generated
the following mean scores: pain 4.6, function 4.3, self-image
4.41, mental health 4.89, and satisfaction 5.0. Therefore, the
surgical intervention was considered to have led to a good
quality of life in the five parameters assessed.

The SRS22hadbeenusedpreviously in a longitudinal study
with a 10-year follow-up of 109 adolescents with AIS treated
with a surgical approach.When all patientswere included, the
mean preoperative CA of themajor curves in the frontal plane
was60.8°þ/�17.5°.Majorcurves correctedby38.7°þ/�22.1%
on flexion radiographs, postoperatively achieved a correction
of 64.0°þ/�15.8%. At the last follow-upvisit, 10.3°þ/�10.8° of
loss of correctionwere recorded on the principal curves in the
frontal plane with 50.5° þ/�23.1% final correction rate. In
addition, the mean postoperative and final kyphosis angles
and lumbar lordosis angleswere 37.7°þ/�7.4°, 37.0°þ/�8.4°,
37.5° þ/�8.7°, and 36.3° þ/�8.5°, respectively. Overall, 4
patients (3.7%) experienced implant failure. Early superficial
infectionwas observed in 3 patients (2.8%). Overall, the mean
SRS-22 questionnaire scores for general self-image, function,
mental state, pain, and satisfactionwith treatmentwere 3.8þ/
�0.7, 3.6þ/�0.7, 4.0þ/�0.8, 3.6þ/�0.8, and 4. 6þ/�0.3,
respectively, at the last follow-up visit. Given the results, the
authors consider that thesurgical approachefficientlycorrects
deformities in the frontal and sagittal planes and trunk bal-
ance, resulting in a better quality of life.26

Conclusions

In all the selected studies using posterior spinal fusion to
correct AIS, there was a significant reduction in pathological
curvatures (> 49%), and in none of the studies did the
recurrence of curvature exceeded a pathological gain of
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more than 5%. As for pulmonary function, the studies showed
significant increases in FEV1 and FVC in patients with severe
AIS, and no pulmonary function losses were reported after
surgery to correct AIS. Finally, most studies reported
improved quality of life and reduced pain after surgery.
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