Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Comparison of sagittal spinopelvic parameters in
different types of double-level degenerative lumbar
spondylolisthesis: a retrospective study

guangzhi zhang

lanzhou university second hospital https://orcid.org/0000-0003-3193-0297
Yajun Deng

Lanzhou University Second Hospital
Xuegang He

Lanzhou University Second Hospital
Enhui Ren

Lanzhou University Second Hospital
Zuolong Wu

Lanzhou University Second Hospital
Fengguang Yang

Lanzhou University Second Hospital
Liang Yang

Lanzhou University Second Hospital
Zhanjun Ma

Lanzhou University Second Hospital
Yichen Gao

Lanzhou University Second Hospital
Xudong Guo

Lanzhou University Second Hospital
Yidian Wang

Lanzhou University Second Hospital
Minggiang Liu

Lanzhou University Second Hospital
Daxue Zhu

Lanzhou University Second Hospital
Xuewen Kang (% ery_kangxw@Izu.edu.cn)

Research article

Page 1/19


https://doi.org/10.21203/rs.3.rs-30670/v1
https://orcid.org/0000-0003-3193-0297
mailto:ery_kangxw@lzu.edu.cn

Keywords: Degenerative lumber spondylolisthesis, Double-level spondylolisthesis, Sagittal spinopelvic
parameters

Posted Date: June 2nd, 2020
DOI: https://doi.org/10.21203/rs.3.rs-30670/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 2/19


https://doi.org/10.21203/rs.3.rs-30670/v1
https://creativecommons.org/licenses/by/4.0/

Abstract
Background

Degenerative lumber spondylolisthesis (DLS), a common orthopaedic disease causing low back pain,
seriously affects daily life and work. Although sagittal spinopelvic parameters have been studied in
single-level DLS patients, investigations into different types of double-level DLS are scarce. This study
aims to analyse the demographic and radiological parameters of patients with different types of double-
level DLS and compare their differences to provide a reference for guiding surgical treatment and
restoring sagittal balance of DLS patients.

Methods

From January 2014 to January 2020, double-level DLS patients’ records were retrospectively reviewed
and divided into three types: anterior, posterior, and combined; the anterior and combined types were
studied. Two spin surgeons measured the sagittal spinopelvic parameters: C7 tilt, maximal thoracic
kyphosis (TKmax), maximal lumbar lordosis (LLmax), pelvic incidence (PI), pelvic tilt (PT), and sacral
slope (SS). Following descriptive analysis, demographic and radiographic data were compared between
the anterior and combined types.

Results

Patients in the anterior type group (n = 40) were older (67.68 + 6.66 vs. 61.72 + 10.06 years, P=0.031),
and the proportion of females were significantly higher (90% vs. 50%, P=0.001) than the combined group
(n=18). Both groups had different levels of chronic lower back pain, but the incidence of radiating leg
pain and neurogenic claudication was significantly higher in the anterior type. Owestry disability index
and visual analogue scale lower back scores were also higher in the anterior type. In the anterior type, C7
tilt (7.14+2.15vs. 5.41+2.28, P=0.007), LLmax (50.02 + 14.76 vs. 36.96 + 14.56, P=0.003), PI (68.28 +
9.16 vs. 55.53+14.19, P<0.001), PT (28.68 + 7.31 vs. 19.38 + 4.70, P<0.001), and PT/PI (42.45+11.22
vs. 36.04 + 9.87, P=0.041) were significantly higher. In the anterior type, Pl correlated significantly
positively with LLmax (r=0.59) and SS (r=0.71). LLmax and SS (r= 0.65) had a positive correlation.
PT/Pland SS (r=-0.77) had a negative correlation. In the combined type, Pl correlated positively with
LLmax (r=0.61) and SS (r=0.88), and PT/PI correlated negatively with SS (r=-0.81).

Conclusions

In patients with double-level DLS, the sagittal spinopelvic parameters differ between the anterior and
combined types. Pl and LLmax were significantly higher in the anterior type, resulting in compensation by
forward flexion and pelvic retroversion. Spinal surgeons should focus on correcting sagittal deformities,
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relieving postoperative clinical symptoms, and improving quality of life during fusion surgery, which is
proven to guarantee long-term surgical results.

Background

Degenerative lumber spondylolisthesis (DLS) is a common degenerative spinal disease. It is defined by
the tendency of the superior vertebra to slide forward or backward relative to an adjacent inferior vertebra
in the sagittal plane without accompanying isthmic fissures. DLS is most common in L4-L5 segment,
and is more common in people aged 50-60 years and in women [1, 2]. The aetiology and pathogenesis of
DLS is quite complicated, and a variety of factors cause the adjacent vertebral body slippage that
produces a series of syndromes such as low back pain, radiating leg pain, neurogenic claudication,
numbness, weakness, and intermittent claudication [3]. Many studies have shown that DLS is usually
accompanied by diseases such as arthritis, disc degeneration, and spinal stenosis [4-6]. As the
spondylolisthesis progresses, the spine and pelvis morphology of patients undergoes compensatory
changes to maintain spine balance, and the sagittal spinopelvic parameters change accordingly [7-9].

In 1992, Duval-Beaupére et al. [10] defined pelvic parameters and described a morphological parameter,
namely pelvic incidence (Pl), and two position parameters, namely pelvic tilt (PT) and sacral slope (SS).
The spine parameters mainly include thoracic kyphosis (TK), lumbar lordosis (LL) and C7 tilt [11]. The
spine and pelvis are connected in an anatomical structure, and the sagittal parameters between them are
related and coordinated. Hitherto, the importance of these sagittal parameters has been studied
extensively and thoroughly in single-level DLS [1, 8, 12, 13]. However, there are only few studies on
spinopelvic parameters in patients with double-level DLS.

Emmanuelle et al. [14] studied the sagittal spinopelvic parameters of double-level and single-level DLS.
The results showed that the double-level DLS had larger Pl and C7 tilt, and it initiated the compensation
mechanism such as forward flexion and pelvic retroversion. Iguchi and Wakami et al. [15] divided the
double-level DLS into three types: anterior type—anterolisthesis of two neighbouring vertebral
bodies;posterior type—retrolisthesis of two neighbouring vertebral bodies; and combined type—
combination of anterolisthesis (usually seen in lower vertebral body) and anterolisthesis (upper vertebral
body) (Fig. 1). However, to the best of our knowledge, no one has studied different types of DLS.
Therefore, analysing the sagittal spinopelvic parameters with different types of DLS patients can be used
as a symptomatic assessment or treatment target, which helps to better understand this disease and
enable patients to get better treatment.

The purpose of this study is to analyse the demographic and radiological parameters of patients with the
anterior type and combined type of double-level DLS and compare the changes in these parameters
between the two types of double-level DLS to understand better the mechanism of the occurrence and
development of this disease and formulate a reference for surgical treatment plan.

Methods
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Patients’ selection

From January 2014 to January 2020, data on 58 double-level DLS patients who needed surgical
treatment were collected from the Spinal Surgery Department of the Lanzhou University Second Hospital.
Inclusion criteria were as follows: (1) any adult patient above 18 years of age; (2) anterior type and
combined type of double-level DLS patients; (3) presence of complete radiological data of the full spinal
standing position including the femoral heads. Exclusion criteria were as follows: (1) posterior type of
double-level DLS patients (the incidence of this type is very low and clinically rare. Two cases of this type
were collected but clinical data is incomplete; they were therefore excluded); (2) isthmic spondylolisthesis;
(3) previous history of surgery or trauma; and (4) presence of other spinal diseases including tumours,
tuberculosis, infection, scoliosis, kyphosis, and metabolic bone disease.

Data collection

Collected data included standard demographic information (age, sex, body mass index, BMI), slippage
classification (using Meyerding classification method), main clinical symptoms (including chronic low
back pain, radiating leg pain, neurogenic claudication, numbness, and weakness), clinical outcomes
based on quality of life assessment (including ODI scores, VAS low back scores, and VAS leg pain scores)
and radiographic parameters All radiographic data were measured from the picture archiving and
communication system (PACS) by two senior spine surgeons. The spondylolisthesis distance and
sagittal spinopelvic parameters were measured on the full spinal standing lateral position using x-ray
projections including the femoral heads. The slippage distance was measured as distance that the
superior vertebra slides forward or backward relative to an adjacent inferior vertebra in the sagittal plane
[10, 14] (Fig. 2A). The sagittal spinopelvic parameters are as follows (Fig. 2B): (1) C7 tilt: angle formed by
the line between the centre of the C7 vertebral body and the midpoint of the upper sacral endplate and the
vertical reference line, which are used to evaluate the overall sagittal plane balance of the spine; (2)
maximal thoracic kyphosis (TKmax): angle between the upper endplate of T1 vertebral body and the
lower endplate of T12 vertebral body; (3) maximal lumbar lordosis (LLmax): the angle between the upper
endplate of L1 vertebral body and the lower endplate of L5 vertebral body; (4) pelvic incidence (Pl): angle
between the line connecting the midpoint of the upper sacrum endplate with the centre of the bilateral
femoral head and perpendicular to the upper sacral endplate tangent; (5) pelvic tilt (PT): angle between
the line connecting the midpoint of the upper sacral endplate and the centre of the bilateral femoral head
and the horizontal perpendicular line; (6) sacral slope (SS): angle between the upper endplate of the
sacrum and the horizontal line. In addition, to evaluate the relationship between the sagittal spinopelvic
parameters and PI, we calculated the ratio of LLmax to Pl (LLmax/PI) and the ratio of PT to PI (PT/PI),
which are the morphological parameters unique to everyone [14].

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics version 23. A Shapiro-Wilk test was used to
evaluate the data distribution. All continuous variables were described using means and standard
deviations, and an independent sample t test was used for comparison between the two groups.
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Frequency analysis was used to describe the categorical variables, and comparison between the two
groups using X2 test. Pearson correlation analysis was used to evaluate the correlation between different
parameters, and P<0.05 was considered statistically significant.

Results
Demographic data

Altogether, 58 patients with DLS were included in this study (13 males and 45 females, with an average
age of 65.83 1 8.26 years), including 40 patients in the anterior type (69.0%) and 18 patients in the
combined type (31%). Patients in the anterior type were older compared to those in the combined type
(67.68+6.66 vs. 61.72+10.06, P=0.031). The proportion of females was higher in the anterior type (90%
vs 50%, P=0.001). Meyerding | slips were more common in the anterior type (70.7%), while the incidence
of Meyerding | and Il were comparable in the combined type. The main clinical symptoms showed that
the patients in both groups had varying degrees of chronic low back pain. The incidence of radiating leg
pain and neurogenic claudication in the anterior type was significantly higher than that in the combined
type. The incidence of numbness and weakness in the two groups of patients was quite. The results of
the quality of life evaluation showed that the ODI scores and VAS low back scores of the anterior type
were significantly higher than those of combined type were, while the VAS leg pain scores had no
significant difference between the two groups. There was no significant difference in BMI between the
two groups (Table 1).

Radiographic data

In both groups, the degree of slippage was greater in L4AL5 and L5S1. Compared with the anterior type,
patients in the combined type had greater levels of L3L4 slippage (7.58 + 1.39 vs. 8.84 + 0.52, P=0.001).
The L4L5 and L5S1 levels slippage had no statistical significance between the two groups. No cases of
L2L3 level slippage was found in the anterior type (Table 2).

A comparison of the anterior type patients with the combined type revealed that C7 tilt (7.14 £ 2.15 vs.
5.41+2.28, P=0.007), PI (68.28+9.16 vs. 55.53 + 14.19, P 0.001), LLmax (50.02 + 14.76 vs. 36.96 +
14.56, P=0.003), PT (28.68+7.31 vs. 29.99 + 6.67, P<0.001) and PT/PI (42.45+11.22 vs. 36.04 + 9.78,
P=0.041) was significantly greater in the anterior type group. The TKmax, SS, and LLmax/PI were not
significantly different between the two groups (Table 3).

There were significant correlations between the sagittal spinopelvic parameters in the two groups. In the
anterior type group, Pl was positively correlated with LLmax (r=0.59, P<0.001) and SS (r=0.71, P<
0.001). Additionally, LLmax was positively correlated with SS (r=0.65, P<0.001). PT/PI was negatively
correlated with SS (r =-0.77, P<0.001) and LLmax (r =-0.59, P<0.001) (Table 4). In the combined type
group, Pl was positively correlated with LLmax (r=0.61, P=0.007), PT (r=0.48, P=0.043) and SS (r=
0.88, P<0.001). Additionally, LLmax was positively correlated with SS (r=0.79, P<0.001). The PT/Pl was
negatively correlated with SS (r =-0.81, P<0.001) and LLmax (r =-0.81, P<0.001) (Table 5).
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Discussion

The normal spine exhibits an S-shaped physiological curvature, and the spine and pelvis jointly maintain
trunk balance. Owing to the development of DLS, compensatory changes in spine and pelvis occurred to
maintain trunk balance. The sagittal spinopelvic parameters can adequately reflect this balance and
compensate for biomechanical changes of the spine after DLS [16, 17]. To the best of our knowledge, this
study is the first report of the differences and correlations between spinopelvic parameters of different
types of DLS patients.

In DLS, the female sex has been considered a risk factor for spondylolisthesis. In this study, 77.6% of
double-level DLS patients were women, which is similar to that obtained by previous studies [18, 19].
Previous studies have shown that compared with single-level DLS, women with double-level DLS account
for a larger proportion (approximately 70%) [14]. Interestingly, this study found that women in the anterior
type accounted for a larger proportion of women in double-level DLS, while men and women had a similar
proportion in the combined type group. Compared with the combined type, the anterior type group
patients were older (over 69 years old), suggesting that these patients may gradually develop double-level
spondylolisthesis owing to previous delayed treatment single-level spondylolisthesis. However, further
research is still needed to confirm this process. A study has shown that the age of DLS patients is an
important consideration factor for surgery because they may be associated with more comorbidities and
a higher risk of postoperative complications [20]. However, other studies suggest that compared with
young DLS patients, elderly patients have significantly improved postoperative symptoms, and there is no
significant increase in complications and mortality [21, 22]. It can be seen that for elder DLS patients,
surgical treatment has obvious advantages. In addition, many studies have showed that the lumbar
intervertebral instability and nerve compression are the primary factors leading to low back pain and
functional disabilities in DLS patients [23-25]. This study found that patients in both groups had varying
degrees of chronic low back pain. The incidence of radiating leg pain and neurogenic claudication in the
anterior type was significantly higher. The preoperative ODI and VAS scores showed that the quality of life
of the anterior type patients was significantly lower and VAS low back scores was higher than those in
the combined type. The above results indicate that the lumbar intervertebral instability is more serious in
the anterior type and leads to more severe clinical symptoms and a significant reduction in quality of life.
Therefore, for such patients, when making surgical plans, enhancing the stability of the spine, relieving
the postoperative clinical symptoms, and improving the quality of life after surgery may be important
considerations for surgical treatment.

Previous studies on spinopelvic parameters in DLS patients have been reported in the literature [26—-28].
The most common level of slippage in single-level DLS patients is L4L5, but the levels of L3L4-L4L5 and
L4L5-L5S1 is common in double-level DLS patients [14]. This study found that L3L4-L4L5 and L4L5-L5S1
levels of spondylolisthesis are common in double-level DLS, which is similar to that obtained in previous
studies. Hitherto, few studies have been conducted on the characteristics of spinopelvic parameters in
double-level DLS patients. Iguchi et al. [15] divided double-level DLS into three types (anterior type,
posterior type and combined type), and studied pedicle-facet angles,facet joint shapeland vertebra
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rotation direction; they found that the sagittal facet joint angle and W-shaped facet joint are the key
factors for the vertebral body forward slip. Ferrero et al. [7] showed that compared with single-level DLS,
C7 tilt, Pl and PT were significantly higher in patients with double-level DLS, but LLmax was significantly
lower, indicating that sagittal imbalance was more serious, lumbar lordosis was severely lost, and more
compensatory mechanisms (such as forward flexion and pelvic retroversion) were activated in double-
level DLS. However, they did not analyse the difference between the spinopelvic parameters of different
types of double-level DLS patients. The present study found that C7 tilt, LLmax, Pl and PT increased
significantly in the anterior type. These results all suggest that a higher Pl in the anterior type may be a
risk factor for anterolisthesis of two adjacent vertebral bodies. As the spondylolisthesis progresses,
LLmax gradually increases. The change in lumbar lordosis is accompanied by the inclination of the
sacrum, and the SS changes accordingly. Because PT and SS have the same effect in evaluating the
pelvic shape, according to the geometric relationship PlI=PT + SS, the PT increased, and to maintain the
sagittal balance of the spine, C7 tilt increased [29—-31]. As the LLmax of increases, changes in
thoracolumbar segment also easily cause lumbar lordosis changes, which in turn accelerate lumbar
degeneration [32]. The combined type group may compensate each other because of antrolisthesis and
retrolisthesis. Thus, the parameters C7 tilt, LLmax, Pl, and PT are smaller than those of the anterior type,
which may be one of the reasons why combined type patients have milder clinical symptoms and better
quality of life than that of anterior type patients. To maintain the sagittal balance of the spinelLLmax
increased in DLS with angular changes in TKmax. However, owing to the relatively fixed thoracic spine
and low mobility, the compensatory changes is not significant in elderly DLS patients. Hence, there was
no significant difference in TKmax between the two groups. The ratios LLmax/Pl and PT/PI are used to
evaluate the relationship between spinopelvic parameters and PI, which is a morphological parameter
unique to everyone [33]. The ratio LL/PI, as a spinopelvic parameter, is related to the occurrence and
development of proximal junctional degenerations [34].This study found that the LLmax/PlI ratio
imbalance in the anterior type group patients was more obvious, further indicating that the anterior type
may be due to the evolution of a single-level slippage. Unfortunately, probably because of the small
sample size in this study, the ratio LLmax/PI in the two groups were not statistically significant. For
combined type patients, spondylolisthesis may not be caused by high PI, but the imbalance of LLmax/PI
ratio after spondylolisthesis causes another vertebral body to slip backward to maintain the body's
balance. Previous studies have shown that Pl has a positive correlation with LL, and LL has a linear
correlation with PT and SS, whereas PT has a linear correlation with LLmax/PI [14]. In this study, there
was a significant correlation between the spinopelvic parameters in the two groups. In the anterior type
group, Pl was positively correlated with LLmax, and LLmax and SS have a positive correlation. In the
combined type group, LLmax was positively correlated with Pl and SS, and LLmax/Pl was positively
correlated with SS.

Our study had several limitations. First, the low incidence of double-level DLS results in a small sample
size, which may have a statistical impact. Secondly, this is a retrospective analysis, which is subject to
some restrictions in data collection. The radiological data in this study are the results of preoperative
examination; there were no intraoperative data and postoperative follow-up data, thus there was no study
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of postoperative spinopelvic parameters and patients' quality of life. Finally, no complete and sufficient
posterior type patients’ data were collected in this study. In the future, we plan to cooperate with other
hospitals to conduct multi-centre clinical research, expand the sample size, and further study multi-centre
data to verify our research results.

Conclusion

In recent years, the problem of sagittal balance during the reconstruction of spinopelvic alignment in DLS
patients has received increasing attention. In patients with double-level DLS, the spinopelvic parameters
are different between the anterior type and combined type. Compared with the combined type group, PI
and LLmax were significantly higher in the anterior type and, simultaneously, the compensation
mechanism such as forward flexion and pelvic tilt was activated. Decompression and fusion are effective
ways to treat this disease. For surgical treatments, surgeons should pay attention to the effect of
different types of double-level DLS on spinopelvic parameters. With respect to the more severe clinical
symptoms, worse quality of life, and more severe sagittal imbalance in the anterior type group, spinal
surgeons should focus on correcting sagittal deformities, relieving postoperative clinical symptoms, and
improving quality of life during fusion surgery, which has been proven to guarantee long-term surgical
results.
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Sacral slope
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Tables

P value

0.031
0.001
0.629

0.036

0.679
0.018
0.036
0.493
0.920

0.000
0.008
0.832

Table 1 Demographic data comparison
Anterior type(n = 40) Combined type(n = 18)
Mean SD Mean SD
Age(years) 67.68 6.66 61.72 10.06
Female(%) 90 - 50 -
BMI(kg/m?) 27.23 2.93 26.79 3.73
Spondylolisthesis grade(I/11) 31/9 - 9/9 -
Main symptoms(%)
Chronic low back pain 100 - 94.4 -
Radiating leg pain 87.5 - 55.6 -
Neurogenic claudication 77.5 - 50 -
Numbness 65.0 - 55.6 -
Weakness 27.5 - 22.2 -
Quality of life assessment
ODI scores 60.60 8.50 50.44 5.43
VAS low back scores 6.53 0.75 5.94 0.73
VAS leg pain scores 6.45 0.88 6.50 0.71
BMI: body mass index; SD: standard deviation; ODI: owestry disability index; VAS: visual analog scale

Table 2 Comparison of the slippage for each lumbar level
Anterior type (n = 40) Combined type (n=18) P value
Mean SD Mean SD
L2L3 - - 7.49 0.58 -
L3L4 7.58 1.39 8.84 0.52 0.001
L4L5 9.36 1.93 11.33 0.75 0.089
L5S1 12.44 3.69 11.73 2.00 0.495
“-“indicates that no cases of L2L3 level slippage were found in the anterior type.
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Table 3 Comparison of radiological parameters

Parameters

C7 tilt (°)
TKmax (°)
LLmax (°)

PI ()

PT(°)

SS ()

PT/PI (%)
LLmax/PI (%)

Anterior type (n = 40)

Mean SD
7.14 215
39.49 4.84
50.02 14.76
68.28 9.16
28.68 7.31
38.68 10.40
42.45 11.22
72.75 16.69

Combined type (n=18)

Mean SD
5.41 2.28
38.87 4.50
36.96 14.56
55.53 14.19
19.38 4.70
36.49 11.42
36.04 9.87
65.80 21.45

P value

0.007
0.649
0.003
0.000
0.000
0.474
0.041
0.234

SD notes for standard deviation, TKmax for maximal thoracic kyphosis, LLmax for maximal lumbar
lordosis, PI for pelvic incidence, PT for pelvic tilt, SS for sacral slope, PT/PI for the ratio of pelvic tilt
divided by pelvic incidence, LLmax/PI for the ratio of maximal lumbar lordosis divided by pelvic

incidence

Table 4

Results of Pearson correlation analysis between radiographic parameters in anterior type patients

C7 tilt
TKmax
LLmax

Pl

PT

SS

PT/PI
LLmax/PI

C7 tilt

1.00
-0.05
0.08
0.33
0.36
-0.03
0.17
-0.06

TKmax LLmax
1.00

-0.14 1.00
-0.19 0.59
-0.13 -0.27
-0.10 0.65
-0.01 -0.59
-0.06 0.92

Pl

1.00
0.25
0.71
-0.31
0.23

PT SS
1.00

-0.39 1.00
0.84 -0.77
-0.48 0.46

PT/PI

1.00
-0.59

LLmax/PI

1.00

TKmax notes for maximal thoracic kyphosis, LLmax for maximal lumbar lordosis, PI for pelvic
incidence, PT for pelvic tilt, SS for sacral slope, PT/PI for the ratio of pelvic tilt divided by pelvic

incidence, LLmax/PI for the ratio of maximal lumbar lordosis divided by pelvic incidence
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Table 5

Results of Pearson correlation analysis between radiographic parameters in combined type patients

C7 tilt
C7 tilt 1.00
TKmax -0.26
LLmax 0.11
Pl -0.28
PT -0.30
SS -0.11
PT/PI -0.05

LLmax/PI 0.31

TKmax

1.00
-0.33
-0.29
0.03
-0.37
0.31
-0.25

LLmax

1.00
0.61

-0.20
0.79
-0.81
0.87

Pl

1.00
0.48
0.88
-0.48
0.15

PT SS
1.00

0.03 1.00
0.54 -0.81
-0.56 0.46

PT/PI LL/Plmax

1.00
-0.73 1.00

TKmax notes for maximal thoracic kyphosis, LLmax for maximal lumbar lordosis, PI for pelvic
incidence, PT for pelvic tilt, SS for sacral slope, PT/PI for the ratio of pelvic tilt divided by pelvic
incidence, LLmax/PI for the ratio of maximal lumbar lordosis divided by pelvic incidence

Figures
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Figure 1

Classification of the double-level DLS. Anterior type: anterolisthesis of two neighbouring vertebral bodiesk
Posterior type: retrolisthesis of two neighbouring vertebral bodies (the incidence of this type is low and
clinically rare); combined type: combination of anterolisthesis (usually seen in lower vertebral body) and
anterolisthesis (upper vertebral body)
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Figure 2

Measurement of the spondylolisthesis distance and sagittal spinopelvic parameters. A: Measurement of
the vertebral body anterolisthesis (the line passing through the spondylolisthesis and the posterior edge
of the inferior vertebral body intersects the tangent to the upper endplate of the inferior vertebral body at
points a and b, and measuring the distance between a and b) and retrolisthesis (the line passing through
the vertebral body of the spondylolisthesis and the posterior edge of the upper vertebral body
perpendicular to the tangent line of the lower edge of the upper endplate at points ¢ and d, and measuring
the distance between c and d) B: Measurement of the sagittal spinopelvic parameters: C7 tilt, Maximal
thoracic kyphosis (TKmax), Maximal lumbar lordosis (LLmax), Pelvic incidence (PI), Pelvic tilt (PT),

Sacral slope (SS)
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