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ABSTRACT      
BACKGROUND: Idiopathic scoliosis represents a complex spinal alteration characterized by lateral curvature and rotation of the spine. Among 
the numerous factors influencing treatment response, the role of the apical vertebra in idiopathic scoliosis remains a topic of significant interest 
and debate. The apical vertebra, situated at the apex of the scoliotic curve, holds a pivotal position in determining the overall spinal alignment 
and, consequently, the efficacy of conservative treatments. Several studies have shown that patients with apical vertebrae located in the thoracic 
spine are more likely to have progression of their curves than patients with apical vertebrae located in the lumbar spine. Additionally, patients 
with apical vertebrae located in the upper thoracic spine are more likely to have poorer outcomes than patients with apical vertebrae located 
in the lower thoracic spine. Therefore, understanding the nuanced relationship between the characteristics of the apical vertebra and treatment 
outcomes is paramount for tailoring therapeutic strategies and optimizing patient care.
AIM: This study aims to comprehensively analyze the influence of apical vertebra location and rotation on the outcome of conservative treatment 
of idiopathic scoliosis.
DESIGN: This is an observational controlled cohort study nested in a prospective clinical ongoing database in patients with idiopathic scoliosis.
SETTING: Inpatient and outpatient in Rome.
METHODS: From a consecutive series of patients included in a prospective database, we selected 491 patients with Adolescent Idiopathic 
Scoliosis with curves of 20-40° (mean: 27.89°±5.15°), Risser grade 0-2 who were treated with a brace at 2 years minimum follow-up (mean: 
53.62±49.63 months). X-rays were used to obtain Cobb degrees and torsion of the apical vertebrae (Perdriolle’s method). Three outcomes were 
distinguished according to SRS-SOSORT criteria: correction, stabilization, and progression. The location and rotation of the apex vertebra and8 
the degrees of the curve were analyzed using statistical analysis.
RESULTS: The results of our study showed that, among 491 patients with a definite outcome, the Cobb mean value was 27.89±5.158 SD at 
baseline and 16.99±15.85 SD at follow-up (P<0.0001; R=0.3228). Perdriolle was initially 11.9±7.319 and 7.319±7.816 at follow-up (P<0.0001, 
R=0.4865). Overall, 411 patients (84%) achieved curve correction, and stabilization was attained in 70 cases (14%). Ten patients (2%) experienced 
curve progression, and one patient was recommended for surgery because the curve at follow-up was greater than 45°. The analysis of subgroups 
shows statistically significant differences in the means of L1 and D9, L1 and D8, L1 and D7, L2 and D7, and D12 and D7; the P values are less than 
0.05 (Table I). Moreover, a significant correlation was observed between the apex vertebra and the mean Cobb correction (P<0.0001) (R=0.64).
CONCLUSIONS: Our study demonstrates that the apical vertebra plays a significant role in the outcome of conservative treatment for AIS. 
Patients with apical vertebrae located in the thoracic spine, particularly in the upper thoracic spine, were more likely to have poorer outcomes 
compared to patients with apical vertebrae located in the lumbar spine.
CLINICAL REHABILITATION IMPACT: These findings highlight the importance of considering the location of the apical vertebra when deter-
mining the prognosis and treatment plan for patients with AIS. Moreover, we can affirm that brace treatment is an effective method for the treat-
ment of AIS, in fact, the majority of patients achieved curve correction and stabilization, with a low incidence of curve progression and surgery.
(Cite this article as: Aulisa AG, Marsiolo M, Giordano M, Bandinelli D, Basiglini L, Falciglia F. Does apical vertebra location influence the final 
outcome of bracing for idiopathic scoliosis? Eur J Phys Rehabil Med 2026;62:309-15. DOI: 10.23736/S1973-9087.26.09061-1)
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not yet fully understood. A key factor influencing treat-
ment efficacy is the location of the apical vertebra, which 
is situated at the apex of the curve. The apical vertebra 
plays a central role in determining the overall alignment 
and deformity of the spine, and its position within the tho-
racic or lumbar spine is crucial in determining the success 
of conservative treatment. Previous studies have shown 
that patients with thoracic apical vertebrae are more likely 
to experience curve progression than those with lumbar 
apical vertebrae.13 Moreover, the location of the apical 
vertebra within the thoracic spine can have significant 
implications for treatment outcomes, with upper thoracic 
apical vertebrae generally linked to poorer prognoses than 
lower thoracic vertebrae.13-15

Given the importance of the apical vertebra in scolio-
sis management, understanding its influence on treatment 
outcomes is critical for optimizing treatment protocols. 
Clinicians need to consider not only the magnitude of the 
curve but also the specific location of the apical vertebra 
when determining the appropriate course of treatment.

The mechanical behavior of the scoliotic spine informs 
theoretical assumptions regarding the critical role of api-
cal vertebrae in brace treatment. Intervertebral discs are 
viscoelastic structures capable of deformation and subse-
quent recovery. However, the twisting component, which 
characterizes the scoliotic curve, poses a significant risk. 
If the disc is subjected to excessive rotation, it may enter 
a state of hysteresis, which is characterized by a loss of its 
intrinsic elastic capacity, preventing the disc from return-
ing to its original shape.

The current study aims to comprehensively examine 
how the location of the apical vertebra affects the outcomes 
of bracing therapy in patients with AIS. By investigating 
the relationship between apical vertebra location, curve 
progression, and bracing response, we aim to provide fur-
ther insights into how these factors can inform personal-
ized treatment strategies. Understanding this relationship 
is pivotal for improving patient outcomes, reducing the 
need for surgery, and enhancing the overall management 
of adolescent idiopathic scoliosis.

Materials and methods

Study design and methods

From a consecutive series of patients included in a pro-
spective database, we selected 491 female patients with 
Adolescent Idiopathic Scoliosis (AIS) with curves of 20-
40° (mean: 27.89±5.15), Risser grade 0-2. The exclusively 
female composition of our sample allows for a more ho-

Introduction

Adolescent idiopathic scoliosis (AIS) is a prevalent 
and complex spinal deformity that manifests during 

adolescence, a critical period of rapid skeletal growth. It is 
characterized by a three-dimensional deformity, including 
hypokyphosis, coronal curve, and vertebral rotation.1 The 
exact cause of AIS remains unknown, and it is considered a 
multifactorial condition that likely involves a combination 
of genetic, environmental, and biomechanical factors. AIS 
affects approximately 2-3% of adolescents, with a higher 
incidence in females, suggesting a potential hormonal or 
genetic influence on its pathogenesis.2-4 The severity of 
the condition can range from mild, where no treatment is 
necessary, to severe cases, where significant curvature can 
lead to functional impairments and aesthetic concerns.5, 6

AIS is typically identified through clinical evaluation, 
and diagnosis is confirmed with radiographic imaging. 
The progression of scoliosis during the growth spurt of 
adolescence can result in significant deformities, which, 
if left untreated, may lead to chronic pain, spinal degen-
eration, and even cardiopulmonary complications due to 
thoracic cage deformities.7

One of the most challenging aspects of managing AIS 
is predicting which patients will experience curve progres-
sion, particularly during periods of rapid skeletal growth. 
While many patients with mild curves show little to no 
progression, others experience rapid worsening of their 
spinal deformity, necessitating intervention.8, 9 Early inter-
vention is essential to prevent further curve progression, 
which can sometimes only be addressed through surgi-
cal means, including spinal fusion. However, surgery is 
typically reserved for cases with severe deformities (e.g., 
curves greater than 45°), as it carries inherent risks and 
long-term consequences.10, 11

The mainstay of treatment for AIS remains conserva-
tive management, with bracing being the most widely used 
non-surgical approach. Bracing aims to halt, slow, or, in 
some cases, reverse the progression of the curve during 
the adolescent growth spurt. The effectiveness of bracing 
depends on several factors, including the type and location 
of the spinal curvature, the patient’s age, and the degree 
of curve progression. Society on Scoliosis Orthopedic and 
Rehabilitation Treatment (SOSORT) has published a con-
sensus paper on brace classification, including the Pasb 
and Lyon braces.12

Despite the common use of bracing in treating AIS, con-
siderable variability in treatment outcomes remains, and 
the factors influencing a patient’s response to bracing are 
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Our treatment involves clinically following the patient 
every 3 months by measuring the hump with a humpom-
eter and modifying the brace based on the growth and pro-
gression of the hump. A control X-ray is performed every 
12 months.

The patients underwent a full-length anteroposterior 
(AP) radiograph and a standing lateral radiograph. The AP 
view was used to assess the patient’s skeletal age (Risser’s 
sign), the magnitude of the curve (CM, Cobb’s method), 
and the torsion of the apical vertebra (TA: Perdriolle’s 
method).

Measurements were obtained by two independent se-
nior surgeons. The vertebrae were preselected to reduce 
interobserver bias.

As recommended by the SOSORT and SRS Commit-
tee on Bracing and Non-operative Management, outcomes 
were categorized as follows:

•  correction (percentage of patients with ≥5° curve cor-
rection);

•  stabilization (percentage of patients with changes in 
the range of >-5° to <5°);

•  progression (percentage of patients with ≥5° progres-
sion at maturity);

•  percentage of patients with curves exceeding 45° at 
maturity and those who were recommended for or had un-
dergone surgery.

Statistical analysis

Statistical analysis was performed using GraphPad 9.4.
The Kolmogorov-Smirnov test ascertained the data’s 

normality for all variables.
The primary outcome was the net change in CM and TA 

from baseline to the 2-year follow-up (t4-t1), which was 
tested using a Pearson correlation. To assess how the loca-
tion of the apical vertebra influenced these outcomes, a 
one-way analysis of variance (ANOVA) was used to com-
pare the mean t4-t1 values among the different apical level 
groups. Post-hoc comparisons were performed using the 
Bonferroni correction. As the 2-year follow-up was a man-
datory inclusion criterion, the dataset was complete for all 
491 patients at t4, and no data imputation was necessary.

Results

A definite outcome was recorded for 491 patients (all fe-
male), with a mean age of 11.77±1.83 years at the initial 
assessment (T1). The Risser sign value was 1.27 (STD 
0,81, range 0-2).

Overall, 347 (70%) patients were treated with the PASB 

mogeneous analysis of spinal maturity during the pubertal 
growth spurt. Completion of a minimum 2-year follow-up 
after brace weaning was a strict inclusion criterion for this 
study.

This observational, controlled cohort study was nested 
within a clinical, ongoing database that included 1536 pa-
tients with Idiopathic Scoliosis.

Inclusion criteria:
•  idiopathic scoliosis;
•  curves measuring 20-40°;
•  Risser stage 0-2;
•  age over ten years;
•  X-ray at baseline, end of treatment, and a minimum of 

two years of follow-up .
Exclusion criteria:
•  Cobb angles greater than 40°;
•  concurrent musculoskeletal, neurological, or meta-

bolic diseases;
•  presence of congenital spine deformities;
•  history of spinal surgery.

Bracing protocol

The patients with thoracolumbar and lumbar curves re-
ceived PASB treatment, while those with thoracic and 
double significant curves were treated with the Lyon brace.

All patients were prescribed full-time bracing (20-22 
hours per day).

To ensure that patients adhere to their treatment, they 
are always seen by the same physician. Regular check-ups 
were scheduled every two months until Risser 3, and then 
every three months thereafter. Parents were always present 
during these check-ups. The frequent appointments helped 
us confirm and support adherence by building a positive 
and open relationship with the patients and their parents.

Treatment compliance was determined through face-
to-face interviews during each clinical examination. Their 
parents confirmed patient responses and indirectly as-
sessed them based on the progression of the spinal curva-
ture. When the spinal curve worsened, a comprehensive 
evaluation of the patient’s behavior was conducted, and 
greater parental involvement was encouraged.

Endpoints

X-rays were obtained at standardized clinical intervals: 
baseline (t1), mid-treatment (t2), brace discontinuation at 
weaning (t3), and a minimum of two-years follow-up after 
weaning (t4). The t2 radiograph was specifically defined 
as the in-brace x-ray taken at the midpoint of the duration 
between t1 and t3.
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The subgroup analysis reveals statistically significant 
differences in the means of L1 and T9, L1 and T8, L1 and 
T7, L2 and T7, and T12 and T7, with P values <0.05 (Table 
III, Figure 1).

Moreover, a significant correlation was observed be-
tween the apex vertebra and the mean Cobb correction 
(P<0.0001, R 0,64) (Table IV), as well as between rota-
tion at baseline and the mean Cobb correction (Figure 2) 
(P<0.0001) (R=0.9081).

Discussion

This study aimed to analyze the impact of apical verte-
bra location on the outcome of conservative treatment in 
Adolescent Idiopathic Scoliosis (AIS), specifically with 
bracing. The findings contribute valuable insights to guide 
clinicians in optimizing treatment strategies based on the 
location of the apical vertebra.

Our results confirmed that apical vertebra location is a 
significant factor influencing the effectiveness of bracing 
treatment in AIS.

The study demonstrated that the thoracolumbar and lum-
bar apical vertebrae (such as L1 and L2) were associated 
with more favorable outcomes regarding curve correction 
than the thoracic apical vertebrae. Specifically, patients 
with apical vertebrae in the lumbar spine had a signifi-
cantly higher mean Cobb angle correction than those with 
apical vertebrae in the upper thoracic spine (T7, T8, T9).

brace, while 144 (30%) patients were treated with the 
Lyon brace. The mean treatment duration was 56.09 ± 
24.22 months. The length of follow-up was 53.87±49.45 
(range 24-420) months after the end of treatments. Apical 
vertebra distribution was as follows: T7 (N.=9; 1.8%), T8 
(N.=61; 12.4%), T9 (N.=44; 8.9%), T10 (N.=15; 3%), T11 
(N.=15; 3%), T12 (N.=31; 6.3%), L1 (N.=156; 31.8%), L2 
(N.=137; 27.9%), L3 (N.=23; 4.7%).

The Cobb mean value was 27.89±5.158° at baseline and 
16.99±15.85° at follow-up, with a mean correction of t4-
t1 of -13.36° (P<0.0001; R=0.3228). Perdriolle was ini-
tially 11.9±7.319° and 7.319±7.816° at follow-up, with a 
mean correction of t4-t1 of -4.58° (P<0.0001, R=0.4865) 
(Table I). According to SOSORT and the SRS Committee 
on Bracing and Non-operative Management, 411 patients 
(84%) achieved curve correction, and stabilization was 
achieved in 70 cases (14%). Ten patients (2%) experienced 
curve progression; two were recommended for surgery be-
cause their curves were over 45°. The Cobb mean correc-
tion t4-t1 of the apical vertebral location was reported in 
the tables (Table II).

Table I.—��Average values of parameters evaluated at the beginning of treatment, end of treatment and follow-up.
Parameter Baseline (t1) t 2 End of treatment (t3) Follow-up (t4) P value T4-T1
Age (years) 11.77±1.883 ‒ 16.44±2.021 20.9±4.13
Risser 1.273±0.8199 ‒ ‒ ‒
Menarche 12.38±1.091 ‒ ‒ ‒
Cobb 27.89±5.159 12.94±7.852 13.97±9.327 16.99±15.85 <0.0001
Perdriolle 11.9±3.74 7.20±4.07 6.47±4.86 7.32±7.81 <0.0001

Table II.—��Mean values of Cobb and Perdriolle correction de-
pending on the location of the apex vertebrae.
Apical vertebra N. of values Mean correction (t4–t1) SD SE
Cobb

T7 9 -7.778 7.48 2.493
T8 61 -10.62 7.766 0.9943
T9 44 -10.91 7.63 1.15
T10 15 -13.8 8.196 2.116
T11 15 -12.87 4.824 1.245
T12 31 -15.48 6.382 1.148
L1 156 -14.47 8.602 0.6887
L2 137 -13.93 7.557 0.6457
L3 23 -13.78 9.11 1.9

Perdriolle
T7 9 -2.222 3.073 1.024
T8 61 -3.82 3.133 0.4012
T9 44 -3.477 3.968 0.5982
T10 15 -5.467 3.523 0.9096
T11 15 -3.267 1.944 0.5027
T12 31 -5.065 2.658 0.4773
L1 153 -4.974 3.69 0.2983
L2 133 -5.068 3.127 0.2711

Figure 1.—Mean difference in cobb correction based on different loca-
tions of the apical vertebra.
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tion, deforming the discs and increasing the spine’s resis-
tance to twisting. This leads to a condition called hyster-
esis, where the disc becomes stiffer over time and does not 
fully return to its original shape after being twisted. This 
stiffness depends on how much the spine is rotated and the 
disc’s original flexibility, which can vary with age and disc 

These findings align with previous literature, which 
suggests that patients with lumbar apical vertebrae tend to 
have more predictable and successful responses to bracing 
therapy.16-19

El Hawary et al., in their review, reported better results 
of conservative treatment in patients with lower levels54d 
of vertebral rotations;17 in a group of 89 patients, Zhang et 
al. illustrated that apical vertebral rotation beyond grade 3 
is one of the risk factors for curve progression of more than 
5°.20 Moreover, Aulisa et al. showed a correlation between 
rotation and in-brace correction, confirming that rotation 
is among the parameters that most influence the deformed 
spine’s reaction to corrective actions.21 In fact, in scoliosis, 
the vertebrae are twisted and locked in an abnormal posi-

Figure 2.—Correlation between the value of Perdriolle at baseline and 
the mean Cobb correction (T4-T1).

Table III.—��Statistically significant differences in the means of L1 and T9, L1 and T8, L1 and T7, L2 and T7, and T12 and T7, with P 
values of less than 0.05.
Tukey’s multiple comparisons test Mean difference 95% CI Summary Adjusted P value
L1 vs. L2 -1.152 -3.489 to 1.186 NS 0.9615
L1 vs. L3 -2.522 -7.166 to 2.121 NS 0.3108
L1 vs. T12 -0.5172 -4.618 to 3.583 NS >0.9999
L1 vs. T11 -4.2 -9.789 to 1.389 NS 0.2732
L1 vs. T10 -3.267 -8.855 to 3.322 NS 0.6485
L1 vs. T9 -4.345 -7.907 to -0.7834 ** 0.0029
L1 vs. T8 -4.067 -7.205 to -0.9292 *** 0.0009
L1 vs. T7 -9.997 -17.03 to -2.968 *** 0.0001
L2 vs. L3 -1.371 -6.031 to 3.290 NS >0.9999
L2 vs. T12 0.6345 -3.485 to 4.754 NS >0.9999
L2 vs. T11 -3.048 -8.651 to 2.555 NS 0.6068
L2 vs. T10 -2.115 -7.718 to 3.488 NS 0.9786
L2 vs. T9 -3.194 -6.777 to 0.3901 NS 0.1505
L2 vs. T8 -2.915 -6.078 to 0.2472 NS 0.1129
L2 vs. T7 -8.845 -15.89 to -1.805 ** 0.0017
L3 vs. T12 2.005 -3.437 to 7.444 NS 0.9283
L3 vs. T11 1.677 -8.245 to 4.890 NS >0.9999
L3 vs. T10 -0.7441 -7.312 to 5.824 NS >0.9999
L3 vs. T9 -1.823 -6.958 to 3.312 NS 0.9698
L3 vs. T8 -1.545 -6.478 to 3.389 NS >0.9999
12 vs. T11 -3.683 -9.048 to 2.582 NS 0.6668
T12 vs. T10 -2.749 -9.014 to 3.516 NS 0.8675
T12 vs. T9 -3.828 -8.170 to 0.8215 NS 0.1705
T12 vs. T8 -3.55 -7.976 to 0.8762 NS 0.2192
T12 vs. T7 -9.48 -17.06 to -1.902 ** 0.0018
T11 vs. T10 0.9989 -6.230 to 8.096 NS >0.9999
T11 vs. T9 -0.1454 -6.149 to 5.858 NS >0.9999
NS: not significant. Statistically significant differences with P values <0.005 are indicated with asterisks: ** for adjusted P values >0.0010 and *** for adjusted P 
values ≤0.0010.

Table IV.—��Correlation between the level of the apex vertebra and 
the mean Cobb correction.
Spinal segment Vertebral levels Pearson’s r Strength of 

association P value

Total spine T7-L3 0.64 Moderate/strong <0.0001
Lumbar L1-L3 0.78 Strong <0.0001
Thoracolumbar T11-L1 0.61 Moderate/strong <0.001
Thoracic T7-T10 0.34 Weak 0.042

Cobb mean correction (T4-T1)

	 -40	 -20	 0	 20

Perdriolle

30

20

1010
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rated into pre-treatment assessments and serve as impor-
tant prognostic indicators. Furthermore, our study high-
lights that treatment adherence, as demonstrated by regular 
follow-ups and direct parental involvement, is crucial for 
achieving optimal results. Continuous monitoring enabled 
timely interventions when curve progression was detected, 
thereby preventing further deterioration in some cases.

To the best of our knowledge, no study has reported a 
comparison of results based on the apical vertebra in the 
same region with those from other regions of the column.

Limitations of the study

A limitation of this study is that our statistical model fo-
cused on comparing mean corrections (t4-t1) using a 
one-way ANOVA, which does not account for potential 
confounding effects of covariates such as age, menarche, 
Risser score, or brace type. While the apical vertebra lo-
cation showed a clear role in the final outcome, future 
research utilizing multivariate models or mixed-effect 
models could further clarify the relative weight of these 
individual clinical factors.

Conclusions

The results of this study confirmed brace treatment as a 
successful method for treating Adolescent Idiopathic sco-
liosis. They showed that the apical vertebra plays a sig-
nificant role in the outcome of conservative treatment. 
Patients with apical vertebrae in the upper thoracic spine 
were likelier to have poorer outcomes than those with api-
cal vertebrae in the lumbar spine. Therefore, we should 
standardize the treatment considering the location of the 
apical vertebra.
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