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ABSTRACT

Obijective: To define the sagittal balance and spinopelvic parameters in a Brazilian population sample composed of asymptomatic volunteers.
Methods: Fifty healthy adult individuals volunteered to participate in this study. The exclusion criteria included spinal deformity or improper
radiograph study. In each radiograph exam in profile view, the sagittal balance and spinopelvic parameters were evaluated, including vertical
sagittal axis, sacral slope, pelvic tilt and pelvic incidence. Results: The data obtained in this study are according to the values presented in the
worldwide literature. None of the radiographic parameters showed any differences between the genders. Comparing the values presented in
this study with those of other reports, with different populations, it was observed that: there was no significant difference in any of the pelvic
parameters between Brazilian and Korean populations; there was a significant difference in pelvic incidence between Brazilian and European
populations in a total sample (p=0.0001), in males (p=0.02), and in females (p=0.0007); there was a difference in sacral slope between Brazilian
and European populations in a total sample (p=0.0140), and in females (p=0.005). Conclusion: There were no differences in any parameter
in terms of gender. There were no differences in pelvic incidence between Brazilian and Korean populations. There was a difference in pelvic
incidence between Brazilian and European populations, in the total sample and in males and females. There was a difference in sacral slope
between Brazilian and European populations in a total sample, and in females.
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RESUMO

Objetivo: Definir os pardmetros do equilibrio sagital e espinopélvico numa amostra da populagdo brasileira composta por individuos voluntarios as-
sintomaticos. Métodos: Cinquenta individuos adultos saudaveis foram voluntarios a participar do estudo. Os critérios de excluséo foram deformidade
da coluna vertebral ou exame de imagem inadequado. Em cada radiografia na incidéncia de perfil, foram analisados os parametros do alinhamento
sagital e espinopélvico, incluindo o eixo sagital vertical, a inclinagdo sacral, a versdo pélvica e a incidéncia pélvica. Resultados: Os valores obtidos na
amostra do estudo est&o de acordo com os valores descritos como normais na literatura mundial. Nao houve diferenga em nenhum dos parémetros
radiograficos com relagéo ao sexo dos individuos. Os valores obtidos no estudo, comparados com valores de outras populagdes publicados na litera-
tura, permitem observar que: ndo houve diferenga significativa em nenhum pardmetro pélvico entre a populagéo brasileira e a coreana; houve diferenga
significativa na incidéncia pélvica entre a populagdo brasileira e a europeia na amostra total (p = 0,0001), no sexo masculino (p = 0,02) e no sexo
feminino (p = 0,0007), houve diferenga na inclinagéo sacral entre a popula¢éo brasileira e a europeia na amostra total (o = 0,0740) e no sexo feminino
(o = 0,005). Conclusées: Ndo houve diferenca em nenhum pardmetro quanto ao sexo dos individuos. Nao houve diferenca em nenhum pardmetro
entre a populagao brasileira e a coreana. Houve diferenga na incidéncia pélvica entre a populagao europeia e brasileira, quanto na amostra total e aos
sexos masculino e feminino. Houve diiferenca na inclinagdo sacral entre a populagao europeia e brasileira, quanto a amostra total e ao sexo feminino.

Descritores. Pelve; Lordose; Grupos Populacionais; Radiografia.

RESUMEN

Objetivo: Definir los parametros de equilibrio sagital y espinopélvico en una muestra de la poblacion brasileria compuesta por voluntarios asintomaticos.
Métodos: Cincuenta individuos sanos fueron voluntarios para participar en el estudio. Los criterios de exclusion fueron deformidad espinal o examenes de
imagen inapropiados. En cada radiografia lateral, se analizaron los parametros de alineamiento sagital y espinopélvico, incluyendo el eje sagital vertical,
la inclinacion del sacro, la version pélvica y la incidencia pélvica. Resultados: Los valores obtenidos en la muestra del estudio son consistentes con
los valores descritos como normales en la literatura mundial. No hubo diferencias en ninguno de los parametros radiograficos con respecto al sexo de
los individuos. Os valores obtenidos en el estudio, en comparacion con valores de otras poblaciones reportados en la literatura, nos permiten observar
que no habia diferencia significativa en ningtin parametro pélvico entre la poblacion brasilena y la coreana, habia diferencia significativa en la incidencia
pélvica entre la poblacion brasilefa y la europea en la muestra total (p = 0,0001) en los varones (p = 0,02) y en mujeres (p = 0,0007); hubo diferencia
en la inclinacién del sacro entre la poblacion brasilera y la europea en la muestra total (o = 0,0740) y en mujeres (p = 0,005). Conclusiones: No hubo
diferencias en ningun parametro cuanto al sexo de los individuos. No hubo diferencia en ningtin parametro entre la poblacion brasilefia y la coreana.
Hubo diferencias en la incidencia de la pelvis entre la poblacion europea y la brasilefia en la muestra total, tanto en varones cuanto en mujeres. Hubo
diferencia en la inclinacién del sacro entre la poblacion europea y la brasilefia en la muestra total y en el sexo femenino.

Descriptores: Pelvis; Lordosis; Grupos de poblacion; Radiografia.
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INTRODUCTION

The vertebral spine plays an important role in the support and
locomotion of the human body. An understanding of the elements
that compose it is essential for learning about its role in body ba-
lance and alignment.'*

Thoracic kyphosis and lumbar lordosis measurements are used
to analyze trunk alignment. Overall vertebral alignment is assessed
by the plumb line method."* More recently, the role of the pelvis
has been widely recognized in the evaluation of spinal balance and
alignment®7, with the introduction of the concepts of Pelvic Incidence
(P1), Pelvic Tilt (PT), and Sacral Slope (SS).

Deformities of the sagittal plane, such as loss of lumbar lordosis,
can cause anterior inclination of the trunk, affecting sagittal balan-
ce. The main causes of loss of sagittal balance are degenerative
diseases, inadequate fixation of the lumbar spine, post-traumatic
deformity, and ankylosing spondylitis. In the initial stages of de-
formity, retroversion of the pelvis may compensate for the loss of
sagittal balance, but with the progression of degenerative changes,
its capacity to accommodate the trunk is exceeded, associated
with an increase in the energy expended to maintain erect posture,
causing pain, fatigue, and functional disability.”8

To analyze the consequences of changes in sagittal balance in
each individual, we need to understand the normal parameters for
the population. Several studies®'? have evaluated the relationship
between the position of the pelvis and spinal alignment. However,
it is important to know the values of these radiographic parameters
in healthy individuals, without spinal disease. Although some stu-
dies address these parameters, it is interesting to evaluate them in
a specific population as there are structural differences between
different population groups. We identified publications with evalua-
tions of individuals from the European,'® Causcasian,'* and Korean'®
populations. However, a similar study has not yet been conducted
for the Brazilian population.

The objective of this study is to observe the parameters of sagit-
tal and spinopelvic balance in a sample of the Brazilian population
consisting of volunteer asymptomatic individuals, in order to esta-
blish the relationship between these parameters, age, and sex and
to compare the results with those of other studies that cover other
population groups.

METHODS

The group analyzed comprised 50 adults who volunteered to
take part in the study, including doctors and employees of the hospi-
tal where the study was carried out. All the individuals were Brazilian,
over 20 years of age, and had no history of spinal pain or disease.
Exclusion criteria included the presence of spinal deformity or ina-
dequate imaging exams that would prevent proper analysis of the
parameters in question.

Panoramic radiographs of the spine were performed in frontal
and profile views in the orthostatic position. All were performed at
the same radiology department, by the same professional, using the
same technique. The exams were obtained with the individuals in
a standing position with the knees extended and the hands on the
supraclavicular fossae.'® Long cassettes (91 cm) were used and the
radiograph was centered on T12 in inspiration, with a distance of 2
meters between the film and the focus. The images were digitalized
and evaluated using Surgimap Spine software (Nemaris Inc., New
York, USA). (Figure 1)

The sagittal and spinopelvic alignment parameters analyzed
were sagittal vertical axis (SVA), sacral slope (SS), pelvic tilt (PT),
and pelvic incidence (Pl). (Figures 2 and 3)

All the parameter values studied were statistically analyzed. The
statistical analysis was based on calculations of the average value,
the standard deviation, and the standard error of both the data from
the sample and those obtained from the published studies of diffe-
rent populations. The comparisons between groups were performed
using the Student’s t-test. The level of significance used was 5%.
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Figure 1. Measurements of the radiographic parameters of interest in a digitalized
image using Surgimap Spine software (Nemaris Inc., New York, USA).
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Figure 2. The sagittal vertical axis, corresponding to the "plumb line" in the sagittal
plane, is measured as the distance between the line originating in the center of the
body of C7 and the posterior-superior corner of the sacrum.

RESULTS

Of the 50 volunteers analyzed, 25 were male and 25 were fe-
male. The average age of the volunteers was 34.85 years, ranging
from 22 to 50 years of age. The average age of the male volunteers
was 32.3, while the average age of the female volunteers was 37.4.

Table 1 displays the averages and standard deviations of the
pelvic incidence, sacral slope, pelvic tilt, and sagittal vertical axis
of the sample. Table 2 displays the normal values reported in other
studies of different populations. 31718
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Figure 3. Measurement of the angles of pelvic incidence (PI), pelvic tilt (PT), and
sacral slope (SS).

There were no differences observed between males and females
for any of the pelvic parameters in the population studied. (Table 3)

A comparison between the pelvic parameter values of the indi-
viduals in our study and the values reported for the European and
Korean populations is shown in Table 4, with no difference noted
between the Brazilian and Korean populations. However, differences
between the European population and the Brazilian population sam-
ple were observed in relation to pelvic incidence and sacral slope
(p=0.0001 and p=0.0140), with higher values for both parameters
in the European population.

The averages and standard deviations of the pelvic parameters
for males of all three population groups and the descriptive values
(p) for the comparison between Europe and Brazil (p') and between
Korea and Brazil (p?) are presented in Table 5. We observed that
there was no difference between any of the parameter values for the
Brazilian and Korean populations. However, there was a difference
between the pelvic incidence values of the Brazilian and European
populations (p=0.02), with higher values in the European population.

The averages and standard deviations of the pelvic parame-
ters for females of all three population groups, and the descriptive
values (p) for the comparison between Europe and Brazil (P') and
between Korea and Brazil (P?) are shown in Table 6. We can see that
there was no difference between any of the parameter values for the
Brazilian and Korean populations. However, there were differences
between the pelvic incidence and sacral slope values of the Brazilian
and European populations (p=0.0007 and p=0.005). Both the pelvic
incidence and sacral slope values of the European population were
higher than those of the Brazilian population.

Table 1. Values for total, male, and female volunteers.

Total Male Female
Average | SD | Average | SD | Average | SD
Pelvic incidence (°) 48.7 9.6 49.1 6.4 48.3 9.6
Sacral slope (°) 38 8.4 382 6.9 378 8.4
Pelvic tilt (°) 1215 | 6.2 12.1 6.2 12.2 53
SVA (cm) -1.735 | 3.7 1.93 32 -1.54 36
Table 2. Normal values in the general literature. 131617
Parameters Degrees

Pelvic incidence 40-65

Sacral slope 30-50

Pelvic tilt 10-25

SVA 0.5cm (£ 2.5cm)

Table 3. Comparison between volunteers by sex.

Male (n=25) Female (n=25) value
Average SD Average SD P
Pelvic incidence (°) 49.1 6.4 48.3 9.6 | 0.7306
Sacral slope (°) 38.2 6.9 378 8.4 | 0.8548
Pelvic tilt (°) 12.1 6.2 12.2 53| 09514
Table 4. Comparison between total values.
Total
Brazil (n=50) |[Europe (n=300)| Korea (n=86) pr p2

Averagel SD |Average| SD |Average| SD
Pelvic incidence (°) | 48.7 |9.6| 54.7 |10.6| 478 |9.5|0.0001(0.5965
Sacral slope (°) 38 |84| 412 | 85 | 36.3 |8.60.0140{0.2643
Pelvic tilt (°) 1215 [ 6.2 13.2 6 11.5 | 5.4 |0.2550(0.5384

NB: p' refers to the comparison between Brazil and Europe; p? refers to the comparison between
Brazil and Korea.

Table 5. Comparison between male populations.
Male
Brazil (n=25)|Europe (n=110)| Korea (n=54)
Average| SD | Average| SD |Average | SD
Pelvic incidence (°)| 49.1 |6.4| 53 10.6 | 48.8 |730.0200|0.8538
Sacral slope (°) 382 |69 41 85 | 373 |71]0.0874|0.5956
Pelvic tilt (°) 121 1621 13 6 1.4 |5.4(0.5142(0.6298

p p2

Table 6. Comparison between female populations.

Female
Brazil (n=25) |[Europe (n=190)| Korea (n=32)
Average| SD | Average | SD |Average | SD
Pelvic incidence (°)| 483 [9.6| 56 10 | 46.1 |9.5/0.0007(0.3924
Sacral slope (°) 378 |84| 432 |84 344 |8.6(0.0050|0.1395
Pelvic tilt (°) 122 |53| 136 6 11.6 | 5.1]0.2305 [0.6682

P P2

DISCUSSION

The overall sagittal alignment of the trunk can be measured
using the sagittal vertical axis, which corresponds to the “plumb
line"."2 It has been reported that normal adult sagittal alignment
falls within a narrow margin in the pelvis, with an average sagittal
vertical axis value in asymptomatic adults described as 0.5 cm
(= 2.5 cm) from the posterior-superior corner of the sacrum.3 Since
the work of Legaye and Duval-Beaupere,” various studies have
stressed the importance of the pelvis in the sagittal alignment of
adults. An analysis of the pelvis in the sagittal plane is obtained
by measuring three angles: pelvic incidence (PI), pelvic tilt (PT),
and sacral slope (SS).

The impact of loss of sagittal balance on quality of life indi-
cators was demonstrated by Glassman et al.'® Both patients who
had previously undergone spinal arthrodesis and those without any
prior surgeries had poorer quality of life parameters, including the
Oswestry Index, the SF-12, and the SRS-22, associated with an
increase in the values of the sagittal vertical axis, which indicates
a loss of sagittal balance. This study demonstrates the importan-
ce of analyzing sagittal balance both in the evaluation of patients
with complaints of back pain and functional limitations and for the
outcome of surgical treatment.

More recently, the correlation between the pelvic parameter PT
and the worsening of quality of life parameters (Oswestry Index, SF-
12, and SRS-22) was demonstrated, confirming that pelvic position
is correlated with impaired functional capacity in patients.?’ High
values of pelvic tilt indicate pelvic retroversion, compensating for
the loss of sagittal balance.

However, for us to correctly understand the effects of the loss
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of sagittal balance on the quality of life of each individual, we must
know the normal values of the parameters used to evaluate sagit-
tal and spinopelvic balance in the population. Although Brazil is a
country of continental proportions and a mixed population, this study
presents the results of an analysis of a small sample of healthy indi-
viduals. It can be noticed that the values obtained from the sample
are within the values described as normal in the literature. ! 131718 |n
our study, there were no differences in the radiographic parameters
when compared by sex of the individuals evaluated.

When we compare the average values and standard deviations
obtained in this study with those published in the literature for Eu-
ropean and Korean populations, we can see that: there were no
differences for any of the pelvic parameters between the Brazilian
and Korean populations, even when compared by sex; the values of
pelvic incidence of the European population were higher than those
of the Brazilian population sample, both for the total sample and in
the comparison by sex; the values of sacral slope of the European
population were higher than those of the Brazilian population sam-
ple, both for the total population and for the female group; and the
pelvic tilt values of the European population were similar to those
obtained for the sample population studied. These data show the
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