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ABSTRACT
Objective: To assess in a cross-sectional study whether there are changes in sagittal balance in patients with adolescent idiopathic scoliosis 
Lenke types 1 and 5 compared with patients without pathology of the spine and compare the values of the parameters of normal subjects 
with the parameters found in the literature. Methods: We measured the values of the parameters of sagittal balance of 21 patients with sco-
liosis and 14 patients without scoliosis in panoramic radiographs or simply collected data previously measured from the medical records. We 
compared the mean values of normal subjects, the mean values found in the literature, and the means between normal subjects and patients 
with scoliosis. For this, we used the Student t test. Results: Using a confidence interval of 5% (p < 0.05) and the Student t test we obtained 
statistical significance in the comparison of two parameters of sagittal balance between normal subjects and patients with scoliosis. We ob-
served similarities in the measurements of the average parameters of normal subjects with regard to the work already published. Conclusions: 
The adolescent idiopathic scoliosis causes changes in two parameters of sagittal balance with statistical significance but suggests changes 
in all other parameters. As for comparison with previously published work, the results were similar.

Keywords: Scoliosis; Spinal curvatures; Posture.

RESUMO 
Objetivo: Avaliar transversalmente se há alteração no equilíbrio sagital dos pacientes com escoliose idiopática do adolescente Lenke tipos 1 e 5 
com relação aos pacientes sem patologia de coluna e comparar os valores dos parâmetros de indivíduos normais e os parâmetros encontrados 
na literatura. Métodos: Aferimos os valores dos parâmetros do equilíbrio sagital de 21 pacientes com escoliose e 14 pacientes sem escoliose em 
radiografias panorâmicas ou simplesmente coletamos os dados aferidos previamente do prontuário médico. Fizemos a comparação das médias 
dos valores dos pacientes normais com as médias dos valores encontrados na literatura e a comparação das médias entre os pacientes normais 
e os pacientes com escoliose. Para tanto, utilizamos o teste t de Student. Resultados: Utilizando um intervalo de confiança de 5% (p < 0,05) e 
o teste t de Student, obtivemos significância estatística na comparação de dois parâmetros do equilíbrio sagital entre os pacientes normais e os 
pacientes com escoliose. Verificamos semelhanças nas aferições das médias dos parâmetros dos pacientes normais com relação a trabalho já 
publicado. Conclusões: A escoliose idiopática do adolescente causa alterações em dois parâmetros do equilíbrio sagital com significância estatís-
tica, mas sugere alterações em todos os demais parâmetros. Quanto à comparação com trabalho já publicado, houve semelhança nos resultados.

Descritores: Escoliose; Curvaturas da coluna vertebral; Postura.

RESUMEN
Objetivo: Evaluar en un estudio transversal si hay cambios en el equilibrio sagital en pacientes con escoliosis idiopática del adolescente 
tipos Lenke 1 y 5 en comparación con los pacientes sin patología de la columna vertebral y comparar los valores de los parámetros de 
los sujetos normales con los parámetros encontrados en la literatura. Métodos: Se midieron los valores de los parámetros de equilibrio 
sagital de 21 pacientes con escoliosis y 14 pacientes sin escoliosis en radiografías panorámicas o simplemente se recolectaron datos 
medidos previamente de los registros médicos. Se compararon los valores medios en los sujetos normales, los valores medios encontra-
dos en la literatura, y las medias entre sujetos normales y pacientes con escoliosis. Para eso se utilizó la prueba t de Student. Resultados: 
Utilizando un intervalo de confianza del 5% (p <0,05) y la prueba t de Student se obtuvo significación estadística en la comparación de 
los dos parámetros de equilibrio sagital entre los sujetos normales y los pacientes con escoliosis. Hemos observado similitudes en las 
mediciones de los parámetros promedio de sujetos normales con respecto a la obra ya publicada. Conclusiones: La escoliosis idiopática 
del adolescente provoca cambios en dos parámetros de equilibrio sagital con significación estadística, pero sugiere cambios en todos 
los otros parámetros. En cuanto a la comparación con trabajos publicados anteriormente, los resultados fueron similares.

Descriptores: Escoliosis; Curvaturas de la Columna Vertebral; Postura.
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INTRODUCTION
The objective of studying sagittal balance is to evaluate the glo-

bal, regional, and local parameters of the axial skeleton and pelvis. 
To access global balance, which is the alignment of the spine as 
a whole, the center of C7 and the sacrum or pelvis are used as 
proximal and distal references, respectively. There is a correlation 
between the pelvic, lumbar, thoracic, and cervical parameters in 
maintaining the individual erect.1-9 Some pathologies, such as sco-
liosis, can cause changes to these parameters, resulting in changes 

in sagittal balance and in the individual’s energy expenditure.10 
Adolescent idiopathic scoliosis (AIS) is a classic orthopedic 

problem of unresolved cause, characterized by deformity of the 
sagittal (thoracic lordosis), frontal (lateral curve), and transversal 
(vertebral rotation) planes of the spine.11 The Lenke classification, 
with six curve patterns and their sagittal and lumbar modifiers, 
is one of the most commonly used for AIS, and provides us with 
criteria for surgical planning.12

The objective of this study is to assess whether scoliosis causes 
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changes in the following sagittal balance parameters: lumbar lordo-
sis (L(L1-S1)), thoracic kyphosis (K(T2-T5)), plumb line (PL), pelvic 
incidence (PI), sacral slope (SS), pelvic tilt (PT), S1 projection (SP), 
spino-sacral angle (SSA), and spinal inclination (SI) in Lenke’s curve 
types 1 and 5. The values found in this study will be compared with 
the scientific study by Mac-Thiong et al.13 (Figure 1)

ted, α = 0.05, using the Student’s t-test for comparison, as the 
null hypothesis (Hᴓ) that there would be no difference between the 
averages of the samples, and as the alternate hypothesis (HA) that 
there would be a difference between the average sample values 
with a statistical significance of 5%. A calculated significance (p) 
less than 0.05 (p < 0.05) for a parameter would refute Hᴓ and HA 
would be accepted, indicating that scoliosis would cause a change 
in this sagittal balance parameter. Otherwise, Hᴓ would be accepted 
and there would be no statistical difference between the samples. 
The age and sex of the patients was not considered in the statis-
tical calculation. Regarding the study of Mac-Thiong et al,13 only 
the statistical similarity between the averages of the results was 
evaluated. The data for the patients of two surgeons was collected 
by two resident doctors in spine surgery.

RESULTS
The results obtained demonstrate statistical significance in two 

of the parameters analyzed, PT and SS (p < 0.05). Table 1 shows 
examples of the graphs of the dispersion between the average of 
the pelvic parameters, PI, PT, and SS, between patients with sco-
liosis and normal individuals. Although the other variables do not 
show statistical significance in the Student’s t-test, a considerable 
increase in all the averages of the sagittal balance parameters can 
be observed by studying the graphs of the variables, suggesting 
that scoliosis causes changes in all these parameters. (Figure 2)

The data collected from the 14 normal individuals yielded re-
sults similar to the normal values cited in the study by Mac-Thiong 
et al.13 (Table 2)

Figure 1. Sagittal balance parameters.

SSA: spino-sacral angle; SI: spinal inclination; SP: S1 projection; PI: pelvic incidence; PT: 
pelvic tilt; SS: sacral slope; K: kyphosis; L: lordosis PL: plumb line.

METHODS 
Once the project had been evaluated and approved by the 

Ethics Committee, the informed consent and confidentiality forms 
were duly signed and filed.  

A cross-section of patients in follow-up and treatment for AIS by 
the Spine Surgery Group of the Instituto de Ortopedia e Traumatolo-
gia de Joinville, Joinville, SC, Brazil, was selected and their medical 
records and radiographs taken during treatment were evaluated. 
Patients aged between 10 and 18 years, with a diagnosis of AIS 
classified into Lenke groups 1 and 5, who had not used a brace 
vest or whose last radiograph was taken prior to using the vest and 
dated while the patient was between 10 and 18 years of age, were 
included. Other types of scoliosis and AIS classified as Lenke types 
2, 3, 4, and 6 were not included.  

The sagittal balance parameters were then measured using 
panoramic profile view radiographs of the spine from the C7 ver-
tebral body to the femoral heads, essential for its tracing. In cases 
where medical records were available, these were collected without 
further investigation of the x-rays. A group of 21 patients treated 
between 2010 and 2012 was obtained. Radiographs of 14 patients 
between 7 and 38 years of age, with the same specifications as 
those cited above and without any pathology, were used for the 
comparison. The averages of each sagittal balance parameter 
were compared between the patients with AIS and the patients 
without spinal pathology.

For the statistical analysis, a significance level of 5% was adop-

Table 1. Correlation of the sagittal balance parameters between patients 
with and without scoliosis.

Parameters P
PI 0.06
PT 0.03®

SS 0.03®

SSA 0.12
SI 0.07
SP 0.08
L 0.17
K 0.60
PL 0.20

Statistical significance P < 0.05
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DISCUSSION
Even with the large difference in the number of normal individuals, 

14 versus 709 in the study of Mac-Thiong et al,13 this study showed a 
similarity in the results obtained. (Table 2) The major differences found, 
PT (7.1 vs. 13.05) and SP (4.3 vs. 0.1), are due to the wide dispersion 
presented by several individuals. Because the n of the study in ques-
tion is small, even a single change can cause a great discrepancy in 
the results. This may be due to a poorly taken radiograph or even to 
an evaluation error. Even with the differences found between the two 
parameters, the comparison with individuals who have scoliosis de-
monstrates that the pathology causes changes in two sagittal balance 
parameters, and suggests that it causes changes in all the parameters. 
Mac-Thiong et al13 did not consider lordosis and kyphosis in their study 
and the PL was divided into six types, depending upon the location 
of the center of the femoral heads in relationship to the center of the 
superior plateau of S1. In this study, all the subjects were types 1 and 2. 
A continuation of this study including individuals of all PL types defined 
by Mac-Thiong et al13 could provide us with a better evaluation of the 
parameter and the changes in the pathology in question. 

The study of Roussouly et al,14 which evaluated and compared 
pre- and postoperative sagittal balance in adolescent and adult pa-
tients with AIS, demonstrated that prior to surgery, regardless of the 
value of PI, PT remains anteverted or normal, while PL was more 
variable, 50% behind the femoral heads. The thoracic kyphosis values 
were below average and the lumbar lordosis values remained within 
normal ranges. Our study demonstrated an increase in kyphosis in 
patients with scoliosis as compared to patients without spinal pa-
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thology and a decrease in lordosis in comparison with the average, 
without statistical significance (p = 0.6), perhaps a result of the fact 
that the degree and rotation of the curve in each individual were not 
taken into account and because only 21 adolescents, a small n, with 
Lenke type 1 and 5 curves were used. The Student’s t-test did not 
demonstrate statistical significance between the normal patients and 
those with scoliosis when these parameters were assessed. A follow-
-up to this study with a similar objective could explain this difference.  

Vrtovec et al15 published a review article in which they evaluated 
quantitative parameters of pelvic sagittal balance. They found that 
there was a good deal of ambiguity among the pelvic parameters 
analyzed in patients without pathology and even more in patients 
with spinal pathology. They made reference to PI, a highly studied 
parameter and key to the sagittal alignment complex of the spine, 
which tends to increase with age in individuals both with and without 
scoliosis and decline in individuals with spondylolysis and spondylo-
listhesis. They concluded that normative values for the pelvic sagittal 
alignment parameters do not exist, as the variability among measured 
values is too high in normal individuals, but can be predictive for spi-
nal alignment in several specific pathologies. Our study also shows 
a large variance for PI (43.8 ± 24.2) in normal patients and (55 ± 
41) in patients with scoliosis, demonstrating that the disease caused 
both an increase in the average of PI and an increase in the variance, 
and suggesting a change in sagittal balance, which was not proven 
by the Student’s t-test (p < 0.05), but, indirectly, in that PI = PT + 
SS and both PT and SS were statistically significant in the Student’s 
t-test with p < 0.05, we observed that there is a strong tendency to 
believe that scoliosis causes changes in the PI.

Many authors criticize use of the p-value16,17 for comparison of 
averages in medical research because the measurement and in-
terpretation of a p-value can be highly influenced by sample size. 
Large samples can produce small p-values demonstrating statistical 
significance that does not exist, and small samples can yield large 
p-values, even when there is a great effect from a practical perspec-
tive.18 In this case, graphic evaluation becomes important in order to 
achieve more precise results. 

CONCLUSION
Our study demonstrated that AIS of Lenke classification types 

1 and 5 causes changes with statistical significance for two of the 
sagittal balance parameters evaluated, PT and SS. It also suggests 
that the pathology causes changes in all the other sagittal balance 
parameters. We also obtained results for the normal individuals similar 
to those found in the study previously conducted. We conclude by 
emphasizing the need for both follow-up and to conduct new studies 
that demonstrate these changes, evaluating sex, degree and severity 
of the curve, and taking lumbar and sagittal modifiers into conside-
ration, and a study with a larger n so that no properties are lost as a 
result of dispersed samples.  

All authors declare no potential conflict of interest concerning 
this article.
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Figure 2. Averages of normal patients and patients with scoliosis.
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Table 2. Comparison with the values from the study by Mac-Thiong et al.13

Parameters Average (Mac-Thiong JM et al)13

Women Men Average
PI 43.8 (±24.2) 52.4 (±10.8) 52.7 (±10) 52.55
PT 7.1 (±10.9) 12.7 (±7) 13.4 (±6.7) 13.05
SS 36.6 (±23.4) 39.8 (±7.9) 39.3 (±8) 39.55

SSA 135.6 (±20.4) 134 (±8.1)
SI 95.1 (±16.9) 90.8 (±34)
SP 4.3 (±16.7) 0.1 (±1.9)
L 61.6 (±30.4) ------------
K 27.6 (±21.6) ------------
PL -1.3 (±4)

PI: pelvic incidence. PT: pelvic tilt, SS: sacral slope, SSA: spino-sacral angle, SI: spinal inclination, SP: 
S1 projection, L: lordosis, K: kyphosis,  PL: plumb line. -------- not measured in this study.
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