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ABSTRACT

Objectives: This study aimed to compare the lumbar lordo-
sis (LL) and spinopelvic parameters of patients with stage 
1–2 spondylolisthesis to those of the normal population and 
demonstrate the importance of these parameters in sagittal 
balance. Methods: The lumbosacral parameters on the lateral 
radiographs of a total of 125 patients were retrospectively 
compared. Lumbosacral parameters including pelvic inci-
dence (PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis 
angle (LLA), L5 incidence (L5I), L5 slope (L5S), and sacral 
table angle (STA) were compared between groups. Results: 
Comparison of the parameters between groups revealed no 
sex-based differences (p > 0.05). Conclusions: Abnormal 
sagittal spinopelvic parameters are commonly examined for 
their effects on the development of spondylolisthesis and 
should be used in routine practice. We found that the low 
SS values in our study, unlike those of other similar studies, 
may be a compensatory mechanism developed to reduce 
pain and maintain sagittal balance. Level of  Evidence II; 
retrospective study.
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RESUMO

Objetivo: Nosso objetivo é comparar os valores dos parâmetros de LL e 
espinopélvicos de pacientes com espondilolistese estágios 1 e 2 com a 
população normal e mostrar a importância desses parâmetros com relação ao 
balanço sagital. Métodos: As radiografias laterais de um total de 125 pacientes 
foram avaliadas comparativa e retrospectivamente quanto aos parâmetros 
lombossacrais. Os parâmetros usados para a avaliação foram IP, InP, IS, 
ângulo de lordose lombar (ALL), incidência de L5 (In-L5), inclinação L5 (I-L5) 
e ângulo do platô sacral (APS). Resultados: Os parâmetros lombossacrais IP, 
InP, IS, ALL, incidência de L5, I-L5 e APS foram comparados entre os grupos 
controle e espondilolistese. Quando cada parâmetro foi comparado entre 
homens e mulheres para avaliar o efeito do sexo nos grupos espondilolistese 
e controle, não houve diferença significativa entre as medidas de ambos 
os sexos (p > 0,05). Conclusões: Os parâmetros sagitais espinopélvicos 
anormais são usados comumente no presente por seus efeitos sobre o 
desenvolvimento da espondilolistese e devem fazer parte da prática de 
rotina. Segundo as avaliações, os baixos valores de IS em nosso estudo, que 
diferiram de estudos similares, podem ser um mecanismo de compensação 
desenvolvido pelos pacientes para reduzir a dor e manter o equilíbrio sagital. 
Nível de Evidência II; Estudo retrospectivo.

Descritores: Espondilolistese. Vértebras lombares. Lordose. 

INTRODUCTION

The humans are the only living creatures which have lordotic lumbar 
curvature and lumbar lordosis (LL) is one of the most important 
parameters to be examined in sagittal balance evaluations due to its 
variability.1 Lumbar lordosis, which varies depending on the shape 
and the position of the pelvis and the relationship between sacral 
slope (SS) and pelvic tilt (PT), is thought to be the main mechanical 
cause of the degenerative diseases of the spine.2

The loss of the LL is an expected finding with the changes in the 
center of gravity in the aging spine and degenerative disc diseases, 
which cause spondylolysis, spondylolisthesis, and collapse on 

discs. With the activation of the other compensatory mechanisms 
accompanying the loss of lumbar lordosis, the thoracal, thoraco-
lumbar and sacral angles would change. The two basic variables 
affected in the compensation mechanisms are pelvic tilt (PT) and 
SS with the change of LL in degenerative processes. The term pelvic 
incidence (PI) is equal to the sum of the two variables, PT and SS.1

In the classification of the spinal study group, spondylolisthesis 
was classified as six types, and spinopelvic parameters which 
were assessed using the angle of the shifting, PI, SS, PT and 
sagittal vertical line of C7 were taken into account when evaluating 
these types. In this classification, low-grade spondylolisthesis was 
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classified as meyerding stage 0-2, shift below 50%; while high-grade 
spondylolisthesis as meyerding >3 and shift >50%. Today, this 
classification is commonly used.3

Abnormal PI and spinopelvic parameters play essential roles in the 
development and progression of many spinal diseases including 
spondylolysis, spondylolisthesis and various other spinal pathol-
ogies.4 Recent studies showed that pelvis morphology or PI and 
its orientation significantly affect the sagittal spinal geometry of LL 
especially, both in healthy and diseased states.5-6 Because PT and 
SS are variable parameters that are affected by the position, pelvic 
and other sagittal parameters should be assessed withstanding 
lateral radiographs.1

Our aim in this study is to compare the values of the LL and spinopel-
vic parameters of patients with stage 1-2 spondylolisthesis to the 
normal population and to show the importance of these parameters 
regarding sagittal balance.

MATERIALS AND METHODS

This retrospective study was approved by the ethics committee of 
Bolu Abant Izzet Baysal University (20187/119). Participants were 
signed the informed consent form. Among the patients who referred 
to the neurosurgery outpatient clinic with the complaints of lumbar 
pain and sciatalgia between 2016 and 2017, seventy-five patients 
who had no spinal pathology detected with direct radiography (DR) 
and lumbar magnetic resonance imaging (MRI), and fifty patients 
with spondylolisthesis were included. The lateral radiographs of a 
total of 125 patients were evaluated comparatively and retrospec-
tively concerning the lumbosacral parameters. 
The exclusion criteria were undergone spinal surgery, lumbar infec-
tion, tumor, hip joint disease; the inclusion criteria were the age of 
18-70 years and the presence of the lateral radiography which was 
optimal for the lumbosacral parameter measurement.
A single senior radiologist obtained all lumbosacral parameters on 
the lateral radiographs obtained on the standing patients via the 
hospital PACS (imaging) system.  The parameters we used for the 
evaluation were PI, PT, SS, lumbar lordosis angle (LLA), L5 incidence 
(L5I), L5 slope (L5S) and sacral table angle (STA). PI was the angle 
between the vertical line passing through the middle point of the 
superior sacral end plate and the line connecting the femur head 
axis to this mid point; PT was the angle between the vertical line 
passing through the femur head axis and the line connecting the 
femur head axis to the sacral end plate midpoint; SS was the angle 
between the superior sacral end plate and the horizontal line; LLA 
was the angle formed by the intersection of the vertical lines from 

each of the parallel lines which were drawn from the upper-end 
plates of the first lumbar vertebrae and the sacral vertebra ; L5I was 
the angle between the line perpendicular to the middle point of the 
superior L5 end plate and the femur head axis; L5S was the angle 
between the upper-end plate of the L5 vertebrae and the horizontal 
line and the STA was the angle between the superior end plates of 
the sacrum and the line of the posterior sacrum edge (Figure 1).
Statistical analysis showed normal distribution in patient and healthy 
groups and independent sample T-test was performed for the 
comparison. It was considered significant when the P value was 
below 0.05. Independent sample T-test was used to assess the 
gender effect for each parameter, ANOVA test was used to assess 
the age effect.

RESULTS

A total of 125 patients, 50 with spondylolisthesis and 75 normal, 
included in the study ranged between the age of 18-70 years, with 
a mean age of 49 years. The spondylolisthesis group consisted of 
12 males and 38 females and the healthy group consisted of 38 
males and 37 females. 
Lumbosacral parameters including PI, PT, SS, LLA, L5 incidence, 
L5S and STA values were compared in healthy and spondylolisthesis 
groups. Grade 1 listhesis was detected in 43 patients, and grade 2 
listhesis was detected in 7 patients in the listhesis group, and when 
they were compared regarding the lumbosacral parameters, there 
was no significant difference. 
PI, PT, LLA, L5I, L5S values were significantly higher, and STA was 
significantly lower in the patient group (p<0,05). There was no 
significant difference in SS values between the two groups (Table1). 
When each parameter were compared between males and females 
to assess the gender effect in patient and healthy groups, there 
was no significant difference between males and females in the 
measurements. When the healthy and patient groups were divided 
into three subgroups as 18-39 years, 40-59 years and over 60 years 
old to evaluate the effect of the age; it was found that there was 
no significant difference between all age groups in all parameters 
in both groups.

DISCUSSION

In our study, there was a significant relationship between the 
development of spondylolisthesis, and the horizontal and retro-
vert position of the pelvis due to the increase in PI and PT values 
and the increased LLA, increased L5I and low STA values as the 

Figure 1. Sagittal lumbosacral parameters (a) 1:PI, 2:PT, 3:SS, (b) 4:LLA, (c) 5:L5I, 6:L5S, 7:STA.
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compensatory mechanisms. For this reason, spinopelvic parameters 
should be included in our routine practice.
In the last decade, the interest in sagittal balance and the researches 
into parameters related to sagittal balance has been increasing, 
especially relevant to scoliosis and other spinal deformities. Sagittal 
lumbosacral parameters have an essential role in the radiological 
evaluation of lumbar spinal pathologies such as spondylolysis, 
degenerative lumbar spondylolisthesis, and lumbar disc herniation, 
and developed the term of pelvic incidence (PI).7,8,9

Whitesides et al. found that PI increased from 41.8° in normal 
adolescents to 64.5° in adults with isthmic spondylolisthesis, and 
there was a statistical correlation between sacral slope and PI 
values in spondylolisthesis patients.9 In the case of decreased PI 
values, the pelvis forms a vertical position, while the increase of the 
PI values causes the pelvis to form a horizontal position, andthe 
force distribution of the secondary gravity on the vertebra varies 
regarding this.1 It is known that the change in this force distribution 
increases the probability of spondylolysis, and the higher PI values 
found in the spondylolisthesis group in our study showed parallelism 
with the literature. Duval-Beaupere et al. also suggested that PI 
is effective in the formation of isthmic spondylolisthesis, and the 
larger PI and sacral slope could lead spine to shift.7 These findings 
suggest that PI is the primary etiologic factor in spondylolisthesis. 
In the study of Frederickson et al., spondylolysis was considered 
as pre-spondylolisthesis.10,11 In our study, the mean PI value was 
found to be 55 in the spondylolisthesis group, and it was significantly 
higher than the normal group (Table1).  
PT, another parameter in our study, is a postural parameter that 
reflects the compensatory ability of the pelvis on the sagittal balance. 
Labelle et al. showed a correlation between the increase in the 
severity of spondylolisthesis and PI, SS, PT and lumbar lordosis. 
12 Low PT values were associated with pelvic anteversion, and 
high values were associated with retroversion, and retrograde 
and horizontal placement of the pelvis was associated with the 
advanced stage spondylolisthesis.13 In our study, the PT values of 
the patients with grade 1 and two spondylolisthesis were found to 
be significantly higher than the healthy group.
PI is equal to the sum of PT and SS. Since PT has a narrow range 
of angles, usually between 10-15 degrees, it has been found that 
when pelvic incidence increases, the sacral slope increases more 
than pelvic tilt.10 The relationship between lumber lordosis (LL) and 
sacral slope (SS) was first noted by Stagnara.14 The greater the SS, 
the greater the LL becomes (the dynamic waist). On the contrary, 
when the LL gets flattened (the static waist), the SS becomes 

horizontal. Roussoully et al. reported that high PI values in low-grade 
developmental spondylolisthesis (Meyerding 0-2) accompany high 
SS values (> 40 degrees),11 Dissimilar to the literature, we found 
that there was no change in SS when the PI was increased in our 
study. This result suggests us that with the unchanging SS as a 
result of the increase of PI, LL and PT, sagittal balance is tried to 
be maintained in a relatively compensatory manner.
Lumbar lordosis angle is the angle formed by the intersection of 
the vertical lines from each of the parallel lines which were drawn 
from the upper-end plates of the L1 vertebra and the S1 vertebra 
in the lateral lumbar radiography, and it has been reported to be 
correlated strongly with spinal instability.15,16 In the literature, it was 
reported that as PI values increased, LLA also increased to maintain 
the sagittal balance, and sacrum formed a horizontal position 
secondary to this increase.1 In our study, PI and LLA values were 
found significantly higher in the listhesis group in accordance with 
the literature.
Roussouly et al., who described the term L5I for the first time, stated 
that L5I is associated with isthmic lumbar spondylolisthesis.11,12,13 In 
our data, L5I values were significantly higher in the spondylolisthesis 
group compatible with the other parameters.
In the study conducted by Yukawa et all. thoracic kyphosis and LL 
showed no significant change between 20 and 60 years of age, 
but both of them decreased significantly over 70 years of age in 
Japanese society. PT increases with age, while SS decreases 
with age .17 In many other studies to evaluate sagittal spinopelvic 
parameters, lumbosacral parameters were shown to remain relatively 
constant throughout life after skeletal maturation.18 Kim et al. found 
that there was no significant difference in PI, PT, and SS values 
between young and old males.19 Similarly, in our study, there was 
no significant difference between lumbosacral parameters in terms 
of age and gender in both healthy and diseased patients.
Inoue et al. showed a significant decrease in STA values of the 
patients with spondylolysis and spondylolisthesis.20 Whitesides et 
al. found that individuals with lower STA had a higher probability 
of developing a pars defect than PI, and that the relation of the 
STA and the lumbar spondylolysis was stronger. They found that 
low STA values predisposed to spondylolysis by an increase in 
shear force resulting in producing more mechanical stress in pars 
interarticularis.9 A more vertical sacral table (i.e. a lower STA value) 
means that there is higher shear stress on the disc and therefore 
a greater tendency to shift forward in the upright position. In our 
study, we found that low STA values increased predisposition to 
spondylolisthesis in accordance with the literature.

CONCLUSION

Abnormal sagittal spinopelvic parameters; such as the horizontal 
and retrovert position of the pelvis due to the increase in PI and 
PT values obtained by the direct radiographs in standing position, 
increased LL angle, increased L5I and low STA values as of the 
compensatory mechanism; are the spinopelvic parameters which 
are commonly used nowadays for their effects on the develop-
ment of the spondylolisthesis and should take place in the routine 
practice. It was assessed that low SS values in our study, which 
were different from other similar studies, may be a compensation 
mechanism developed by patients to reduce pain and maintain 
the sagittal balance. 
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Table 1. Lumbosacral parameters.

Lumbosacral parameters
in all parameters 
in both groups.

Spondylolisthesis group
Normal group *P value

Pelvic incidence 55 ±12,8 46 ±11,2 <0,001
Pelvic tilt 18,6 ±11,5 14,7 ±8,01 0,042

Sacral slope 37,7±13,32 34,8±7,9 0,134
Lumbar lordosis angle 52,9±13,3 48,2±11,8 0,042

L5 incidence 29,8±11,8 22,2±9,4 0,001
L5 slope 22,8±11,13 17,1±7,2 0,002

Sacral table angle 97,4±5,4 99,92±4,3 <0,004
Values are expressed as mean(SD). Significant differences of p values are emphasized in bold, 
*p<0.05 was accepted as statistically significant. 
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