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ABSTRACT
Objective: To describe the spinopelvic parameters in patients with conservatively treated thoracolumbar burst fractures. Methods: 

Twenty-six patients with thoracolumbar burst fractures treated conservatively between 2008 and 2017 participated in the study. Inclusion 
criteria were acute burst-type fractures, located between T11 and L2, which compromised a single vertebral segment, did not present a 
neurological deficit, and had a minimum of 6 months of follow-up, excluding injuries that presented distraction or rotation, pathological 
fractures, and surgically treated cases. The sagittal and spinopelvic alignment parameters, including vertical sagittal axis, sacral slope, 
pelvic tilt, pelvic incidence, lumbar lordosis, and regional kyphosis, were analyzed. Results: The values obtained for the sample showed that 
there was an increase in regional kyphosis and that the mean sagittal parameters and lumbar lordosis were within the values considered 
normal in the literature. Conclusion: Patients with thoracolumbar burst fractures treated conservatively had no alterations in the spinopelvic 
parameters. Level of Evidence II; Retrospective study.
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RESUMO
Objetivo: Descrever os parâmetros espinopélvicos de pacientes com fratura toracolombar tipo explosão tratados de modo conservador. 

Métodos: Participaram do estudo 26 pacientes com fratura toracolombar do tipo explosão tratados conservadoramente entre 2008 e 2017. Os 
critérios de inclusão consistiam em: fraturas tipo explosão agudas, localizadas entre T11 e L2, as quais comprometiam um único segmento 
vertebral, não apresentavam déficit neurológico e tinham no mínimo seis meses de acompanhamento, excluídas as lesões que apresentavam 
componente de distração, rotação, fraturas patológicas e casos tratados cirurgicamente. Foram analisados os parâmetros do alinhamento sagital 
e espinopélvico, incluindo o eixo sagital vertical, a inclinação sacral, a versão pélvica, a incidência pélvica, lordose lombar e cifose regional. 
Resultados: Os valores obtidos na amostra demonstraram que houve aumento da cifose regional e que a média total dos parâmetros sagitais e de 
lordose lombar estão dentro dos valores considerados normais na literatura. Conclusões: Os pacientes com fraturas toracolombares tipo explosão, 
tratados de modo conservador, não apresentaram alterações nos parâmetros espinopélvicos. Nível de evidência II; Estudo retrospectivo. 

Descritores: Vértebras Torácicas; Equilíbrio Postural; Vértebras Lombares; Fraturas Ósseas.

RESUMEN
Objetivo: Describir los parámetros espinopélvicos de pacientes con fractura toracolumbar tipo explosión tratados de modo conservador. 

Métodos: Participaron en el estudio 26 pacientes con fractura toracolumbar del tipo explosión, tratados conservadoramente entre 2008 
y 2017. Los criterios de inclusión consistían en: fracturas tipo explosión agudas, localizadas entre T11 y L2, las cuales comprometían un 
único segmento vertebral, no presentaban déficit neurológico y tenían como mínimo 6 meses de acompañamiento,, excluidas las lesiones 
que presentaban componente de distracción, rotación, fracturas patológicas y casos tratados quirúrgicamente. Fueron analizados los 
parámetros de la alineación sagital y espinopélvica, incluyendo el eje sagital vertical, la inclinación sacral, la versión pélvica, la incidencia 
pélvica, lordosis lumbar y cifosis regional. Resultados: Los valores obtenidos en la muestra demostraron que hubo aumento de la cifosis 
regional y que el promedio total de los parámetros sagitales y de lordosis lumbar están dentro de los valores considerados como normales 
en la literatura. Conclusiones: Los pacientes con fracturas toracolumbares tipo explosión, tratados de modo conservador, no presentaron 
alteraciones en los parámetros espinopélvicos. Nivel de evidencia II; Estudio retrospectivo.

Descriptores: Vértebras Torácicas; Balance Postural; Vértebras Lumbares; Fracturas Óseas. 
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INTRODUCTION
Thoracolumbar burst fractures result from axial compression 

with breakage of the anterior and middle columns of the vertebral 
body1 and account for 15% of all spinal fractures.2

One of the most common complications of thoracolumbar fractures is 
the increase in localized kyphosis.3 It is known that sagittal misalignment 

of the spine is related to pain and worsening of the quality of life.4
There is controversy in the current literature about the impact 

of an increase in thoracolumbar kyphosis on normal spinopelvic 
balance. Thus, the objectives of this study were to describe and 
analyze whether there are changes in the spinopelvic parameters of 
patients with conservatively treated thoracolumbar burst fractures.
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METHODS
After approval by the FCMSCSP Institutional Review Board 

(CAAE: 67065617.4.0000.5479), a descriptive, cross-sectional study 
of 26 patients with thoracolumbar burst fractures conservatively trea-
ted between 2008 and 2017 was conducted. All patients included in 
this study agreed with the terms of the Informed Consent Form (ICF).

In all the cases the treatment was performed using a TLSO or 
antigravity cast from four to six months. The patients were encoura-
ged to walk as early as possible, to the extent that the pain resulting 
from the fracture decreased.

Burst fractures located between T11 and L2, involving a single verte-
bral segment, without neurological deficit, and with a minimum follow-up 
of six months were included in the study. Injuries with distraction, rota-
tion, pathological fractures, and surgically treated cases were excluded.

The study participants were selected at a treatment referral cen-
ter for thoracolumbar burst fractures and, because this was a cross-
-sectional study, we had a loss in the number of patients, ending 
up with a final sample of 26 cases that met the inclusion criteria.

Radiographic analysis was conducted by means of panoramic 
anteroposterior and lateral incidence spinal images, in which the study 
of spinopelvic parameters, Cobb angle, and regional kyphosis was 
performed (Figures 1 and 2). No significant differences were observed 
in the percentages of height loss of the fractured vertebrae.

The radiographic parameters evaluated were:
a. Pelvic incidence: the angle formed between the line perpendicular 
to the midpoint of the sacral plateau of S1 and the line connecting 
this point to the medial axis of the femoral heads.5
b. Sacral slope: the angle formed between the superior plate of S1 
and the horizontal plane line.5
c. Pelvic tilt: the angle formed between the line connecting the mi-
dpoint of the S1 plateau to the axis of the femoral heads and the 
vertical line.5
d. Sagittal plumb line: measured by the distance between the line 
originating in the center of the body of C7 and the posterosuperior 
corner of the sacrum.6
e. Cobb angle of lumbar lordosis: the angle drawn from lines perpen-
dicular to the inferior plateau of T12 and the superior plateau of S1.7

The categorical data were described as absolute numbers and 
percentages. All the continuous data were submitted to distribution 
analysis using the Shapiro-Wilk test. The radiographic variables were 
compared between the sexes and subsequently with the literature 
data using the Student’s t test for independent samples.

RESULTS
Twenty-six patients met the inclusion criteria and were selected 

for the study. Of these, 20 were male and 5 were female. The mean 
patient age was 52.5 years, ranging from 27 to 76 years, with a 
mean age of 53.1 years for the men and 49.5 years for the women.

The fractures occurred in the thoracolumbar transition, with 13 
(46%) in L1, 8 (31%) in T12, 3 (11.5%) in L2, and 3 (11.5%) in T11. All 
the fractures were classified by the AO system, according to which 
57% were type A3 and 43% were type A4.

Table 1 shows the results with the mean and standard deviation 
values of the spinopelvic parameters, lumbar lordosis, and regional 
kyphosis of the sample.

Mean pelvic incidence was 62.1 degrees, ranging from 31 to 107 
degrees; mean sacral slope was 34.1 degrees, with a minimum of 
12 and a maximum of 59 degrees; and mean pelvic tilt was 27.8 
degrees, ranging from 1 to 76 degrees. Regional kyphosis was 
21.11 degrees, with a minimum of 6 and a maximum of 39 degrees. 
Lumbar lordosis had a mean value of 55.5 degrees with a minimum 
of 16 and a maximum of 108 degrees. The sagittal vertical axis had 
a mean value of 0.4 cm, ranging from - 0.1 to 10 cm.

Table 2 shows pelvic incidence, sacral slope, pelvic tilt, and 
sagittal vertical axis study results compared to those of healthy 
Brazilian subjects.8

Statistically significant differences were observed between pelvic Figure 1. Illustration of the spinopelvic parameters.

SVA – Sagittal Vertical Axis, LL – Lumbar Lordosis, SS – Sacral slope, PI – Pelvic Incidence, PT – Pelvic Tilt

Figure 2. Female patient, 72 years, with L1 fracture. (a) initial radiograph, (b) radiograph after 6 months of follow-up with radiographic parameter measurements 
(using Surgimap Spine software (Nemaris, New York, USA)). .

Using Surgimap Spine software (Nemaris, New York, USA). SVA (sagittal vertical axis), COBB1 (regional kyphosis), L LORD1 (lumbar lordosis) , PI (pelvic incidence), PT (pelvic tilt).
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incidence, pelvic tilt and sagittal vertical axis values, which were higher 
in patients who had fractures (p=0.0049, p= 0.0003 and p=0.0001, 
respectively). No statistically significant difference was observed be-
tween the sacral slope values of the two groups (p= 0.101).

In Table 3, the comparisons of the pelvic incidence, sacral slope, and 
pelvic tilt study results with values of other ethnic populations are shown.

The mean pelvic incidence in the fracture group was higher than 
and statistically different from the Korean group (p2=0.0026). Sacral 
slope in the fracture group was also statistically higher than that of 
the European group. We observed statistically significant differences 
among the three groups, with the pelvic tilt being higher than those 
of the Korean and European groups (p1=0.0004 and p2=0.0001).

When compared to literature reference values, pelvic incidence, 
sacral slope, lumbar lordosis, and regional kyphosis were all within 
the normal range of values. Only mean pelvic tilt was higher, as 
shown in Table 4.

DISCUSSION
Burst fractures are frequently observed today, especially in 

polytrauma patients.14 There is no consensus around the treatment 
of these injuries, especially in patients with neurological deficit.15-17

The objective of this study, conducted at our institution, was to 
show and describe changes in the spinopelvic parameters of pa-
tients with thoracolumbar burst fractures without neurological deficit 
who were treated conservatively. The authors hypothesized that 
patients who underwent conservative treatment for thoracolumbar 
fractures might present changes to normal sagittal balance.

For this analysis, we compared the mean values and standard 
deviations obtained in this study with values published in the lite-
rature, with a sample of asymptomatic Brazilian subjects, and with 
other ethnic populations.8

It is known that there is a risk of late sagittal collapse with wor-
sening of thoracolumbar kyphosis, especially in those submitted to 
non-surgical treatment.18 Risk factors include loss of height greater 
than 50%, translation greater than 2.5 mm, spinal canal involvement 
greater than 50%, or signs of posterior ligament rupture.19

The results presented in the sample showed an increase in mean 
regional kyphosis, however, these changes in localized kyphosis did 
not change the patients’ spinopelvic parameters. The most likely 
explanation for this stability is the compensatory mechanisms, which 
were sufficient to preserve the balance of the trunk in these patients.

Several authors highlight the relevance of changes in the sagittal 
plane and of the relationship between the spine and changes in 
pelvic orientation. These concepts originated from the French stu-
dies pioneered by Jean Dubosset and Legaye & Duval-Beaupere.16

The symptoms caused by imbalance in the sagittal plane ma-
nifest as pain in the low back, gluteal muscles, and lower limbs, 
gait difficulties, fatigue, and spasms of the spinal erector muscles 
associated with hip extension and knee flexion.20

The mean pelvic incidence, pelvic tilt, and sagittal vertical axis 
values in the patients who suffered thoracolumbar fractures were 
elevated as compared to the values in the asymptomatic Brazilian 
population sample. This difference may have occurred because of 
the physical characteristics and race of the patients participating in 
the sample. No difference in sacral slope was observed.

According to Legaye and Duval-Beaupere et al.,21 there is signifi-
cant interdependence between pelvic and spinal parameters. Pelvic 
incidence determines pelvic orientation and the scope of lordosis. A 
low pelvic value implies low pelvic parameter values and flattened 
lordosis. A high pelvic incidence value implies an inclined pelvis and 
pronounced lordosis. Changes not found in our patients, among 
whom the mean lumbar lordosis and sacral slope were within the 
normal ranges of values reported in the literature.20,21 

When we compared our spinopelvic parameter values to those of 
other ethnic populations, there were divergences between them. Mean 
pelvic incidence in the fracture group was statistically higher than that 
of the Korean group. Mean sacral slope was higher in the fracture 
group than in the European group. Comparisons of mean pelvic tilt re-
vealed differences among the three groups, the fracture group values 
being higher than those of both the Korean and European groups.

Thoracolumbar burst fractures treated conservatively presented in-
creases in the spinopelvic parameters when compared to other groups of 
asymptomatic populations. The increase was due to the compensatory 
mechanisms of the pelvis. A complementary study of the quality of life of 
these patients would provide a more complete analysis of the relationship 
between thoracolumbar burst fractures and spinopelvic sagittal balance.

CONCLUSION
Patients with conservatively treated thoracolumbar burst fractu-

res had an increase in thoracolumbar kyphosis, but with no changes 
to spinopelvic parameters or lumbar lordosis.

All authors declare no potential conflict of interest related to 
this article.

Table 2. Comparison of the spinopelvic parameters of patients with thora-
columbar burst fractures and asymptomatic Brazilian subjects.8

  Fracture group 
(n=26)

Asymptomatic 
group (n=50) P-value

Mean SD Mean SD
Pelvic incidence(o) 62.1 21.4 48.7 9.6 0.0049

Sacral slope(o) 34.1 10.2 38 8.4 0.101

Pelvic tilt (o) 27.8 17.8 12.5 6.2 0.0003

SVA (cm) 0.4 0.3 -1.735 3.7 0.0001
SD – Standard Deviation, SVA – Sagittal Vertical Axis, cm – centimeters, (°) – degrees.

Table 4. Comparison between sample values and normal values reported 
in the literature.9-13

  Fracture group (n=26) Normal values

  Mean SD

Pelvic incidence(o) 62.1 21.4 40-65

Sacral slope(o) 34.1 10.2 30-50

Pelvic tilt(o) 27.8 17.8 10-25

SVA(cm) 0.4 0.3 0.5 cm (± 2.5 cm)

Lumbar lordosis(o) 55.5 17.4 40-60
SD – Standard Deviation, SVA – Sagittal Vertical Axis, cm – centimeters, (°) – degrees 

Table 3. Comparison between the spinopelvic parameters of the patients 
with thoracolumbar burst fractures and European and Korean subjects.8

 

Fracture 
group 

(n=26)

European 
group

(N=300)

Korean
group    

(n=86)
P1-

value
P2-

value

  MEAN SD MEAN SD MEAN SD

Pelvic incidence(o) 62.1 21.4 54.7 10.6 47.8 9.5 0.0929 0.0026

Sacral slope(o) 34.1 10.2 41.2 8.5 36.3 8.6 0.0019 0.325

Pelvic tilt(o) 27.8 17.8 13.2 6 11.5 5.4 0.0004 0.0001
P1 – comparison between Fracture and European groups, P2 – comparison between Fracture and 
Korean groups, SD – Standard Deviation, (°) – degrees.

Table 1. Parameters measured in the patients with thoracolumbar burst 
fracture.

 
Total

(n=26)
Male

(n=21)
Female
(n=5)

  Mean Sd Mean Sd Mean Sd
Pelvic incidence(o) 62.1 21.4 63.9 20.9 54.2 24.3

Sacral slope(o) 34.1 10.2 35.8 9.6 27 10.7

Pelvis tilt (o) 27.8 17.8 27.9 18.1 27.2 18.2

SVA (cm) 0.4 0.3 0.4 0.3 0.3 0.2

Lumbar lordosis (o) 55.5 17.4 55.4 19 55.6 8.8

Regional kyphosis (o) 21.11 9.83 21 10 21.2 10
SD – Standard Deviation; SVA – Sagittal Vertical Axis; cm – centimeters; (°) – degrees. Source: 
SAME-SCSP.
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