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AbstrACt

Objectives: To describe and compare the distribution of spino-
pelvic parameters (SPP) in a Brazilian population with idiopathic 
scoliosis (IS) and neuromuscular scoliosis (NMS), and evaluate 
the association between pelvic incidence (PI) and lumbar lordosis 
(LL). Method: Medical records investigation was performed. Sagi-
tal balance angles were measured in patients with neuromuscular 
and idiopathic scoliosis. Results: IS sample means (in degrees): 
PI 55.55; Sacral Slope (SS) 45.35; Pelvic Tilt (PT) 10.19; Lumbar 
Lordosis (LL) 43.48; and Thoracic Kyphosis (TK) 32.10. In NMS: PI 
53.77; SS 42.31; PT 11.46; LL 49.46; and TK 45.69. No statistically 

significant differences in PEP distribution were found between the 
two types of scoliosis (p=0,057). The association between pelvic 
incidence and lumbar lordosis is low among idiopathic scoliosis 
(R=0,074) and neuromuscular scoliosis (R=0,274). Conclusion: 
PEP measurements in a Brazilian population of idiopathic scolio-
sis and neuromuscular scoliosis patients are similar to those in 
the international literature and do not differ statistically between 
them. The association between LL and PI could not be assessed 
in this study. Level of Evidence IV, Case Series.
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INtrODUCtION

The sagittal balance of the spine has been a topic of discussion 
in recent years and its importance in the treatment of patholo-
gies of the spine has been increasingly considered.1,2

Among the most commonly used sagittal parameters, thora-
cic kyphosis and lumbar lordosis are already widely known in 
pediatrics.3,4 However, more recently, spinopelvic parameters 
have gained attention and research of its variation in diverse 
populations has been studied.5

Proper spinopelvic alignment minimizes energy expenditure 
in moving and keep the horizon look stable,1 besides being 
associated with better quality of life in patients with vertebral 
deformity.6,7 It consists of three parameters: pelvic incidence, 
Pelvic Tilt and Sacral Tilt. 
Although these parameters have been well described in the 
normal pediatric population, their distribution and relevance in 
pathologies of the spine are not yet understood, since there are 
only few publications such as Li et al.2 who studied the distribu-
tion of spinopelvic angle in patients with adolescent idiopathic 
scoliosis comparing them with the normal pediatric population.
The correlation between some spinopelvic parameters and 
lumbar lordosis has been described in patients with idiopathic 

scoliosis,8 but has not yet been reported in patients with neu-
romuscular scoliosis.
This study aims to describe the distribution of spinopelvic para-
meters in a Brazilian population of patients with idiopathic and 
neuromuscular scoliosis and to compare them. We will further 
evaluate the association between pelvic incidence and lumbar 
lordosis in these populations.

MAtErIALs AND MEtHODs

The study consisted in the analysis of patients’ records with 
scoliosis treated at the Institute of Orthopedics and Trauma-
tology, Hospital das Clínicas, Universidade de São Paulo
(IOT-HCFMUSP) from January 2009 to January 2013, chosen 
by continuous convenience.
This study was submitted to the institution Research Ethics 
Committee and approved before its start.
Patients who did not present idiopathic or neuromuscular sco-
liosis and those who had inadequate radiographic record were 
excluded from the study.
It was considered as appropriate record panoramic radiographs 
in profile incidence of the spine that included the limits of C7 
vertebra and the femoral head.
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The chart analysis consisted of measuring the spinopelvic1,8 
and kyphosis and lordosis parameters by Cobb’s method,9 as 
follows: (Figure 1)
1. Pelvic Incidence (PI): measure of the angle formed by lines 

drawn from the midpoint between the center of the femoral 
heads and the center point of the upper plateau of S1 and 
a perpendicular to the upper plateau of S1 starting at its 
center point;

2. Sacral slope (SS): measure of the angle formed by the 
horizontal line and the line drawn tangential to the upper 
plateau of S1;

3. Pelvic Tilt (PT): measure of the angle formed by lines drawn 
from the midpoint between the centers of the femoral heads 
and the center point of the upper plateau of S1 and the 
vertical plumb line to that point;

4. Lumbar lordosis (LL): measure of the angle formed by the 
tangent lines to the lower plateau of L5 and upper of L1;

5. Thoracic kyphosis (TK): measure of the angle formed by the 
tangent lines to the lower plateau of T12 and upper of T2.

The first three angles described are said spinopelvic parame-
ters, pelvic incidence being a constant measure intrinsic of each 
individual, which is calculated by the sum of sacral and pelvic 
inclinations, according to formula (PI=SS+PT).1,8 All measures 
were calculated in degrees.
The measurements were all performed evenly by digital preo-
perative radiographs with digital display system-Philips iSite(TM) 
following a method that has been already validated for measu-
rement by digital radiographs in scoliosis.10

For data analysis there were calculated: average and median 
distribution measurements discriminating populations into idio-
pathic and neuromuscular and determined their normality by 
Kolgomorov-Smirnov test, as well as analysis of distribution 
histograms. These were compared in order to verify whether 
there are differences and their statistical significance. 

rEsULts

The sample analysis resulted in 111 records, of which 64 were 
excluded due to inadequate radiographs. All data was submit-
ted to Kolgomorov-Smirnov normality test.
The sample comprised 47 patients, of which 13 men (27.7%) 
and 34 women (72.3%) were found. The mean age was 15.19 
years old (range 1-24 years old; 95% CI 15.37 [14.79 to 16.87]) 
with a median of 16 years old. (Table 1)
We found 14 patients (29.8%) with neuromuscular scoliosis and 
33 patients (70.2%) with idiopathic scoliosis. (Table 1)
Calculated overall Pelvic Incidence resulted on average 55.02 
degrees (range 20-91 degrees, 95% CI 55.28 [50.56 to 59.49]) 
and a median of 53.50. The calculated overall Sacral Slope 
resulted on average 44.45 degrees (range 18-71 degrees, 95% 
CI 44.45 [40.51 to 48.40]) and a median of 44.00. Calculated 
overall Pelvic Tilt resulted on average 10.57 degrees (range 
2-32 degrees, 95% CI 10.10 [range 8.46 to 12.67]) and a 
median of 10.00. Calculated overall Lumbar Lordosis resulted 
on average 45.25 degrees (10 to 73 degrees, 95% CI 45.58 
[range 40.09 to 50.41]) and a median of 46.00. The calculated 
overall Thoracic kyphosis resulted on average 36.11 degrees 
(range 2-93 degrees, 95% CI 35.07 [29.80 to 42.43]) and a 
median of 31.50.

In the analysis by etiology, we found:
For Idiopathic Scoliosis: The calculated overall Pelvic In-
cidence resulted on average 55.55 degrees (range 24-91 
degrees, 95% CI 55.47 [50.51 to 60.58]) and a median of 
53.00. The calculated overall Sacral Slope resulted on ave-
rage 45.35 degrees (range 21-69 degrees, 95% CI 45.39 
[40.89 to 49.82]) and a median of 45.00. Calculated ove-
rall Pelvic Tilt resulted on average 10.19 degrees (range 
2-24 degrees, 95% CI 9.96 [7.90 to 12.49]) and a median 
of 10.00. The calculated overall Lumbar lordosis resulted 
on average 43.48 degrees (range 10 to 70 degrees, 95% CI 
43.79 [37.60 to 49.37]) and a median of 46.00. The calcu-
lated overall Thoracic Kyphosis resulted on average 32.10 
degrees (range 2-62 degrees, 95% CI 32.05 [26, 26-37-94]) 
and a median of 30.00.
For neuromuscular scoliosis: the calculated overall Pelvic In-
cidence resulted on average 53.77 degrees (range 43 to 32 
degrees, 95% CI 54.41 [43.32 to 64.22]) and a median of 
55.00. The calculated overall Sacral Slope resulted on average 
42.31 degrees (range 18-71 degrees, 95% CI 42.06 [33.25 
to 51.37]) and a median of 43.00. Calculated overall Pelvic 
Tilt resulted oon averagen average of 11.46 degrees (range 
2-32 degrees, 95% CI 10.10 [6.31 to 16.61]) and a median 
of 10.00. The calculated overall Lumbar Lordosis resulted 

Table 1. Sample characterization.

Mean Median CI 95%
Proportion 
(number)

Age (years old) 15,19 16,00 15,37 (14,79-16,87)

Idiopathic Scoliosis - - - 70,2% (33)

Neuromuscular Scoliosis - - - 29,8% (14)

Feminine - - - 72,3% (34)
Figure 1. Spinopelvic parameters of sagittal balance. Pelvic incidence (PI), 
sacral slope (SS) e pelvic Tilt (PT).

Pelvic
Tilt

Pelvic
Incidence

Sacral Slope
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on average 49.46 degrees (range 15 to 73 degrees, 95% CI 
50.07 [37.99 to 60.93]) and a median of 53.00. The calculated 
overall Thoracic Kyphosis resulted on average 45.69 degrees 
(range 7-93 degrees, 95% CI 45.21 [28.91 to 62.48]) and a 
median of 40.00.
There was no statistically significant difference between the 
two groups in pelvic incidence, sacral slope, pelvic tilt, lumbar 
lordosis and thoracic kyphosis according to the Mann-Whitney 
test (p=0.057) and to T test, resulting in equity among all stu-
died parameters (p>0.005).
The association between Pelvic Incidence and Lumbar Lordo-
sis was low in the general population, according to Pearson’s 
correlation test (R=0.121). (Figure 1)
The association between Pelvic Incidence and Lumbar Lor-
dosis was lower among patients with neuromuscular sco-
liosis, according to Pearson’s correlation test (R=0.274) 
and even lower among patients with idiopathic scoliosis
(R=0.074). (Figure 2)

DIsCUssION

The study of sagittal balance is a current topic of discussion 
for the treatment of pathologies of the spine. Neuromuscular 
scoliosis is among the least studied populations, among those 
in need of treatment of spinal deformities.
The sample comprised 47 patients with a higher proportion 
of women compared to men, with an average age of 15.19 
years old. We also found a higher proportion of patients with 
idiopathic scoliosis than patients with neuromuscular scoliosis 
(29.8%), but the groups were statistically comparable.
In the comparative analysis, very similar data to the parameters 
described by Li et al.2 for the general population were found. 
The measures also varied little between the two populations 
studied. These findings lead us to believe that possibly the 
generation of deformities in neuromuscular diseases do not 
affect significantly the spinopelvic parameters. Therefore, spine 
deformities in neuromuscular scoliosis are accompanied by 
important pelvic deviations in the coronal plane, without signi-
ficantly affecting the sagittal plane.
The constancy of spinopelvic parameters in the population is of 
great importance because it is used as a guide in planning the 
surgical correction of deformities in the sagital plane.2,5

In order to increase sample validation, association between 
Pelvic Incidence and Lumbar Lordosis was done, which has 
already been described in the literature in other popula-
tions of patients with idiopathic scoliosis. This analysis had 
never been done in a Brazilian population of patients with 
idiopathic scoliosis nor in neuromuscular scoliosis patients 
in other countries.
In this study, a low association between Pelvic Incidence and 
Lumbar Lordosis in the population of patients with neuromus-
cular scoliosis and an even lower association was found in 
these parameters in the population of patients with idiopathic 
scoliosis. This result is contrary to the data reported in the 
literature that have reported a greater association between 
the two parameters in idiopathic scoliosis.1,8 Although low, 
the association was statistically significant, being possible 
its increase with the increase of the sample.
Given the large number of excluded patients, we obtained a 
small sample, which may have contributed to the low statistical 

Figure 2. Correlation and dispersion charts between pelvic incidence and 
lumbar lordosis on the overall study sample (top), among patients with idio-
pathic scoliosis (middle) and among patients with neuromuscular scoliosis 
(bottom).Charts show a poor association between data studied.
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power of the study, reflecting a non-ideal scenario for obtaining 
and archiving of data found in the national scenario.
This study is among the first to address the epidemiology of sa-
gittal balance in a Brazilian population. It brings information that 
forms the basis for understanding the influence and epidemiology 
of spinopelvic parameters in this specific population and establi-
shes a bridge for future studies of treatment of these patients.

CONCLUsION

The spinopelvic parameters measured in patients with idiopathic 
and neuromuscular scoliosis in Brazilian population are simi-
lar to those described in the international literature and do not 
significantly vary from each other, yet the association between 
Lumbar Lordosis and Pelvic Incidence cannot be confirmed in 
this population sample.
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