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 Background: Trapezoidal changes of the vertebral body are more common in patients with lumbar spondylolisthesis than in 
others. However, we lack an understanding of factors predisposing to the development of a marked trapezoi-
dal deformity. Also, no associations between a trapezoidal vertebrae (TV) and spine-pelvis sagittal parameters 
have been previously reported.

 Material/Methods: A total of 73 subjects with lumbar spondylolisthesis were enrolled and we collected their clinical data. Vertebral 
body parameters and spine-pelvis sagittal alignment parameters were measured via lumbar spine X-ray. Using 
the lumbar index (LI), patients were divided into a TV group (LI £0.8, n=24) and a control group (LI >0.8, n=49). 
The clinical data and spine-pelvic sagittal parameters of the 2 groups were compared using the t test or chi-
squared test. Pearson’s correlation analysis and multiple linear regression were used to determine relation-
ships among the parameters.

 Results: The TV and control groups differed significantly in terms of the slipped segment, extent of slippage, interverte-
bral disc height (IDH), and sagittal parameters (all P<0.05). Pearson’s correlation analysis and multiple linear re-
gression analysis showed that the slipped segment (r=–0.606), extent of slippage (r=–0.660), and IDH (r=0.698) 
were risk factors for the development of a TV body. Also, vertebral trapezoidal deformation was closely asso-
ciated with sagittal parameters.

 Conclusions: The vertebral body affected by lumbar spondylolisthesis exhibits a trapezoidal change closely associated with 
the slipped segment, the extent of slippage, and IDH. The TV group exhibited greater pelvic incidence values 
and lumbar lordosis, which may have caused wedging of the slipped vertebra.
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 Abbreviations: TV – trapezoidal vertebrae; LI – lumbar index; IDH – intervertebral disc height; PI – pelvic incidence; 
LL – lumbar lordosis; AH – anterior vertebral height; PH – posterior vertebral height; a – vertebral body 
angle; R – (AH-PH)/AH; SS – sacral slope; PT – pelvic tilt
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Background

Lumbar spondylolisthesis is characterized by ventral displace-
ment of a superior vertebra relative to an inferior vertebra. In 
1976, Wiltse et al. [1] classified lumbar spondylolisthesis into 
5 main categories using etiological and topographical criteria: 
dysplastic, isthmic, degenerative, traumatic, and pathological. 
The isthmic and degenerative types are the most common; the 
isthmic type is more common in the L5–S1 segment, with a 
prevalence of 11.5% in the general population; degenerative 
spondylolisthesis is more common in segment L4–L5, with an 
incidence of 5% to 7% [2,3].

Some patients with lumbar spondylolisthesis exhibit abnor-
mal morphology of the slipped vertebra, which reflects ver-
tebral trapezoidal changes or wedge deformation (Figure 1). 
The extent of vertebral wedging is represented using the ver-
tebral lumbar index (LI), which is the ratio of the height of the 
posterior edge of the vertebral body to the height of the lead-
ing edge; a value less than 0.8 is considered to be an abso-
lute wedge [4]. Some studies have suggested that a trapezoi-
dal vertebra is a risk factor for spondylolisthesis development 
and progression, but others have suggested that lumbar spon-
dylolisthesis causes wedging of a slipped vertebra [4–7]. Thus, 
no consensus is apparent. Pelvic incidence (PI) is an anatom-
ical parameter describing the morphology of the pelvis and 
spatial orientation of the sacrum, and is thought to be both 
closely related and proportional to the extent of lumbar lordo-
sis (LL) [8]. Several studies have shown that the PI of lumbar 
spondylolisthesis patients is significantly greater than that of 

normal subjects [8–13]. However, the relationships between 
spinopelvic sagittal parameters and lumbar spondylolisthesis 
remain highly controversial; very few studies have explored 
the relationship between trapezoidal deformation of a slipped 
vertebra and spinopelvic sagittal parameters.

In recent years, most studies on lumbar spondylolisthesis have 
focused on the relationships between spondylolisthesis, spi-
nopelvic sagittal plane morphology, and the choice of surgi-
cal treatment; few studies have examined the morphological 
abnormalities of spondylolisthetic vertebrae. Therefore, we 
analyzed the clinical characteristics and imaging data of pa-
tients with lumbar spondylolisthesis to define morphological 
changes in the vertebral body, the relevant risk factors, and 
relationships to changes in spinal-pelvic sagittal parameters.

Material and Methods

Study	subjects

We retrospectively analyzed patients with single-segment lum-
bar spondylolisthesis who visited our department from February 
2016 to February 2019 for whom complete data were available. 
The exclusion criteria were incomplete imaging data, multi-seg-
mental spondylolisthesis, vertebral fracture, scoliosis, and any 
previous history of lumbar surgery. Forty-five healthy subjects 
who underwent a medical examination at our hospital during 
the same period as the patients were included in the control 
group, and their vertebral body parameters were measured. 

A CB D

Figure 1.  Degenerative spondylolisthesis: (A) Normal vertebral body, (B) Trapezoidal vertebral body; isthmic spondylolisthesis: 
(C) Normal vertebral body, (D) Trapezoidal vertebral body.
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This study was approved by the Medical Ethics Committee of 
Lanzhou University Second Hospital (approval number 2019A-
182), and all procedures were performed in accordance with 
relevant guidelines and regulations. Written informed consent 
was obtained from each patient. Of the 143 patients diagnosed 
with lumbar spondylolisthesis in our department over the study 
period, 61 lacked complete imaging data, 4 had multiple seg-
mental spondylolisthesis, 2 had vertebral fractures, and 2 had 
scoliosis. Thus, we finally included 73 patients with single-lev-
el lumbar spondylolisthesis (13 males (17.8%) and 60 females 
(82.2%) of mean age 54.59±11.14 years). Among them, 43 had 
L4-5 spondylolisthesis and 30 had L5–S1 spondylolistheses; 
36 isthmic spondylolysis, and 37 degenerative changes. The 
patients were divided into trapezoidal vertebral (TV) and con-
trol groups based on the LI. The clinical data and spine-pel-
vic sagittal parameters were compared between the groups.

Measurements of imaging data

The subjects were instructed to stand erect with their knees 
extended and elbows flexed, and to place their hands on a 

horizontal bar at shoulder level for the X-ray analysis. The 
film-to-focus distance was maintained at 2 m. The parame-
ters of both the L4 and L5 vertebrae were measured; these in-
cluded the anterior vertebral height (AH), posterior vertebral 
height (PH), vertebral body angle (a), and LI (PH/AH). The ra-
tio of the height difference between the anterior and poste-
rior edges of the vertebral body, to the height of the anterior 
edge, was calculated [R=(AH–PH)/AH]. The measured spine-
pelvis sagittal parameters were as follows: (1) the extent of 
slippage (the ratio of the distance from the posterior edge of 
the slipped vertebra to the posterior edge of the lower verte-
bra, and the anteroposterior diameter of the lower vertebral 
body); (2) the slip angle (by reference to the TV body): the an-
gle between the upper endplate of the slipped vertebra and 
the upper endplate of the lower vertebra; (3) the interverte-
bral disc height (IDH) measured at the middle of the disc; (4) 
LL: the angle between lines parallel to the upper L1 endplate 
and the S1 endplate; (5) sacral slope (SS): the angle between 
the S1 endplate and the horizontal plane; (6) pelvic tilt (PT): 
the angle between the vertical plane and the line connecting 
the midpoint of the sacral endplate and the hip axis; and (7) 

A B

Figure 2.  Visual representations of the methods applied to measure vertebral parameters and spine-pelvis sagittal parameters in 
radiographs are shown as follows: (A) AH: Anterior vertebral height. PH: Posterior vertebral height. Vertebral body angle 
(a): Angle between superior and inferior endplate of the vertebrae. (B) LL: The angle between lines parallel to the superior 
L1 endplate and the S1 endplate. SS: The angle between the superior S1 endplate and the horizontal plane. PT: The angle 
between the vertical plane and the line connecting the midpoint of the sacral endplate and the hip axis. PI: The angle 
between the line connecting the midpoint of the sacral endplate and the hip axis and a line perpendicular to the sacral 
endplate.
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PI: the angle between the line connecting the midpoint of the 
sacral endplate and the hip axis and a line perpendicular to the 
sacral endplate (Figure 2). All imaging parameters were mea-
sured by 2 spine surgeons (Fengguang Yang and Zhanjun Ma). 
The mean intra- and interobserver reliability values were >0.75 
for all parameters (Supplemenrary Tables 1 and 2).

Statistical	analysis

A statistical software package (SPSS, ver. 25.0; SPSS Inc., Chicago, 
IL, USA) was used for all statistical analyses. The intraclass correla-
tion coefficient was used as a measure of intra- and interobserver 
reliability. Descriptive statistics are provided as mean±standard 
deviation. The independent-sample t test was employed to assess 
differences between groups. The count data distribution was as-
sessed by the chi-square test. We calculated Pearson’s correlation 
coefficients and performed multiple linear regression to define 
risk factors for development of a trapezoidal vertebra. The asso-
ciations between such vertebrae and sagittal alignment were as-
sessed by calculating Pearson correlation coefficients. A P value 
less than 0.05 was considered to reflect statistical significance.

Results

Comparison of slipped and normal vertebral bodies

Measurements of the slipped and normal vertebral bodies are 
listed in Table 1. The anterior heights of normal and slipped L4 
vertebrae did not differ significantly (30.69±2.30 vs. 30.80±2.04 
mm, P=0.838). The posterior vertebral height of slipped ver-
tebrae was significantly less than that of normal vertebrae 
(27.92±2.24 vs. 29.79±2.31 mm, P=0.001). The mean LI of 
slipped vertebrae was significantly lower than that that of nor-
mal vertebrae (0.91±0.08 vs. 0.97±0.03, P<0.001). The height 
difference between the anterior and posterior edges of slipped 
vertebrae (AH–PH) and the ratio thereof to the anterior edge 
height [R=(AH–PH)/AH] were significantly greater than those 
of normal vertebrae (0.09±0.08 vs. 0.03±0.03, P<0.001). The a 
of slipped vertebrae was significantly greater than that of nor-
mal vertebrae (7.24±5.00 vs. 2.16±1.12°, P<0.001).

The anterior heights of the normal and slipped L5 vertebrae 
did not differ significantly (32.07±2.01 vs. 32.48±3.34 mm, 
P=0.568). The posterior vertebral height of the slipped verte-
brae was significantly less than that of the normal vertebrae 
(25.18±3.14 vs. 29.81±1.84 mm, P<0.001). The mean LI of the 
slipped vertebrae was significantly lower than that that of the 
normal vertebrae (0.78±0.09 vs. 0.93±0.03, P<0.001). The R val-
ue of the slipped vertebrae was significantly greater than that 
of the normal vertebrae (0.22±0.09 vs. 0.07±0.03, P<0.001). The 
a of the slipped vertebrae was significantly greater than that 
of the normal vertebrae (15.52±6.43 vs. 4.08±2.28°, P<0.001).

Comparison	of	clinical	data	and	spine-pelvic	sagittal	
parameters	between	the	TV	and	control	groups

Based on the LI, patients were divided into trapezoidal verte-
brae (LI £0.8) and control (LI >0.8) groups. Significant differ-
ences between the groups are listed in Table 2. Higher values 
were detected in the TV group for R (0.27±0.04 vs. 0.08±0.06, 
P<0.001), a (18.73±3.87 vs. 6.69±3.99, P<0.001), extent of slip-
page (0.35±0.07 vs. 0.22±0.05, P<0.001), slip angle (17.58±5.30 
vs. 9.27±2.67, P<0.001), LL (55.48±7.07 vs. 47.05±7.50, P<0.001), 
SS (45.25±5.33 vs. 36.75±6.96, P<0.001), PT (14.93±3.60 vs. 
11.72±2.10, P<0.001), and PI (58.34±7.82 vs. 48.36±7.89, 
P<0.001). In contrast, LI (0.73±0.04 vs. 0.92±0.06, P<0.001) 
and IDH (2.68±1.12 vs. 5.58±1.96, P<0.001) were smaller in 
the TV group. The type of slipped segment was significantly 
different between the 2 groups (L4–L5/L5–S1: 5/19 vs. 38/11, 
P<0.001). No differences in age (P=0.139), sex (P=0.858), or 
BMI (P=0.071) were observed. Table 2 shows the details of the 
comparative analyses.

The comparative analyses of degenerative spondylolisthesis re-
vealed higher values in the TV group compared to the control 
group for R (0.26±0.03 vs. 0.07±0.06, P<0.001), a (20.08±6.61 vs. 
5.73±3.41, P<0.001), extent of slippage (0.36±0.13 vs. 0.20±0.05, 
P<0.001), slip angle (19.35±4.00 vs. 8.34±1.77, P<0.001), LL 
(55.83±4.29 vs. 46.94±7.01, P=0.019), SS (44.08±2.68 vs. 
36.83±6.55, P=0.037), and PI (58.63±2.94 vs. 47.64±7.15, 
P=0.005). Conversely, LI (0.74±0.03 vs. 0.93±0.06, P<0.001) and 
IDH (3.03±1.34 vs. 6.06±1.86, P=0.003) were smaller in the TV 

L4 vertebrae L5 vertebrae

Normal	(n=45) Slipped	(n=43) P Normal	(n=45) Slipped	(n=30) P

AH (mm) 30.69±2.30 30.80±2.04 0.838 32.07±2.01 32.48±3.34 0.568

PH (mm) 29.79±2.31 27.92±2.24 0.001 29.81±1.84 25.18±3.14 <0.001

LI 0.97±0.03 0.91±0.08 <0.001 0.93±0.03 0.78±0.09 <0.001

R 0.03±0.03 0.09±0.08 <0.001 0.07±0.03 0.22±0.09 <0.001

a(°) 2.16±1.12 7.24±5.00 <0.001 4.08±2.28 15.52±6.43 <0.001

Table 1. Comparison of the parameters between slipped and normal vertebral bodies.
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group. No group differences were observed for age (P=0.139), 
sex (P=0.858), BMI (P=0.577), PT (P=0.065), or the type of 
slipped segment (L4–L5/L5–S1: 2/2 vs. 27/2, P=0.198) (Table 2).

Comparative analyses of isthmic spondylolisthesis revealed high-
er values in the TV group compared to the control group for R 
(0.27±0.05 vs. 0.11±0.06, P<0.001), a (18.46±3.29 vs. 8.66±4.48, 
P<0.001), extent of slippage (0.35±0.06 vs. 0.25±0.04, P<0.001), 
slip angle (17.23±5.54 vs. 11.17±3.22, P<0.001), LL (55.41±7.58 vs. 
47.28±8.67, P=0.005), SS (45.48±5.73 vs. 36.58±8.00, P<0.001), 
PT (14.95±3.86 vs. 11.78±2.43, P=0.007), and PI (58.27±8.52 vs. 
49.84±9.32, P=0.008). In contrast, LI (0.73±0.05 vs. 0.89±0.06, 
P<0.001) and IDH (2.62±1.10 vs. 4.59±1.83, P=0.001) were small-
er in the TV group. The type of slipped segment differed sig-
nificantly between the 2 groups (L4–L5/L5–S1: 15/17 vs. 11/3, 
P=0.001). No group differences were observed in age (P=0.389), 
sex (P=0.925), or BMI (P=0.199) (Table 2).

The clinical data and spine-pelvic sagittal parameters did not 
differ significantly between the isthmic and degenerative spon-
dylolisthesis TV groups (both P>0.05).

Correlations between LI of the slipped vertebra and the 
clinical	data

The Pearson’s correlation data on factors influencing the ex-
tent of slipped vertebral wedging are listed in Table 3. No sig-
nificant correlation was evident between age, sex, BMI, and 
the LI (all P>0.05); but the slipped segment, the type of slip-
page, extent of slippage, and IDH were closely related to the 
LI (P<0.001). In particular, the extent of slippage was (signifi-
cantly) negatively correlated with the LI (r=–0.660, P<0.001). 
The disc height was significantly (positively) correlated with 
the LI (r=0.698, P<0.001). The smaller the LI, the greater the 
extent of vertebral wedging deformity, which was positive-
ly correlated with the extent of slippage and negatively cor-
related with the height of the intervertebral disc (Figure 3).

Multivariate analysis

Multiple linear regression analysis showed that the slipped seg-
ment, extent of slippage, and IDH affected the extent of wedge 
deformation (Table 4). Greater slip (P=0.006), lower disc height 

The whole group
The degenerative 

spondylolisthesis group
The	isthmic	spondylolisthesis	

group

P*TV Control 
P

TV Control 
P

TV Control 
P

n=24 n=49 n=4 n=33 n=20 n=16

Age (yr) 51.88±10.54 55.9±11.28 0.139 51.50±11.90 59.39±9.62 0.139 51.95±10.59 48.75±11.33 0.389 0.940

Sex (%Female) 83.3% 81.6% 0.858 100.0% 81.8% 0.858 80.0% 81.2% 0.925 0.327

BMI (kg/m2) 26.02±2.81 25.09±1.51 0.071 26.08±3.09 25.10±1.64 0.577 26.00±2.84 25.08±1.22 0.199 0.964

LI 0.73±0.04 0.92±0.06 <0.001 0.74±0.03 0.93±0.06 <0.001 0.73±0.05 0.89±0.06 <0.001 0.651

R 0.27±0.04 0.08±0.06 <0.001 0.26±0.03 0.07±0.06 <0.001 0.27±0.05 0.11±0.06 <0.001 0.651

a (°) 18.73±3.87 6.69±3.99 <0.001 20.08±6.61 5.73±3.41 <0.001 18.46±3.29 8.66±4.48 <0.001 0.458

Slipped segment 
(L4–L5/L5–S1)

5/19 38/11 <0.001 2/2 27/6 0.198 3/17 11/5 0.001 0.116

Extent of 
slippage

0.35±0.07 0.22±0.05 <0.001 0.36±0.13 0.20±0.05 <0.001 0.35±0.06 0.25±0.04 <0.001 0.919

IDH (mm) 2.68±1.12 5.58±1.96 <0.001 3.03±1.34 6.06±1.86 0.003 2.62±1.10 4.59±1.83 0.001 0.518

Slip angle (°) 17.58±5.30 9.27±2.67 <0.001 19.35±4.00 8.34±1.77 <0.001 17.23±5.54 11.17±3.22 <0.001 0.476

LL (°)  55.48±7.07 47.05±7.50 <0.001 55.83±4.29 46.94±7.01 0.019 55.41±7.58 47.28±8.67 0.005 0.917

SS (°) 45.25±5.33 36.75±6.96 <0.001 44.08±2.68 36.83±6.55 0.037 45.48±5.73 36.58±8.00 <0.001 0.641

PT (°) 14.93±3.60 11.72±2.10 <0.001 14.88±2.31 11.69±1.96 0.065 14.95±3.86 11.78±2.43 0.007 0.973

PI (°) 58.34±7.82 48.36±7.89 <0.001 58.63±2.94 47.64±7.15 0.005 58.27±8.52 49.84±9.32 0.008 0.935

Table 2. Comparison of clinical data and spine-pelvis sagittal parameters between TV group and control group.

P* – comparison of TV group between isthmic and degenerative spondylolisthesis.
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Figure 3.  (A) A negative correlation was observed between the extent of slippage and the lumbar index. (B) A positive correlation was 
observed between the intervertebral disc height and lumbar index.

Model
Unstandardized	coefficients Standardized	coefficients

P
95%	CI	for	B

B SE b Lower Upper

Constant 0.974 0.063 – 0.000 0.848 1.100

Slipped segment –0.066 0.019 –0.307 0.001 –0.105 –0.028

Extent of slippage –0.368 0.128 –0.304 0.006 –0.624 –0.112

IDH 0.016 0.006 0.321 0.006 0.005 0.027

Table 4. Multiple regression model for trapezoid deformation of slipped vertebral body.

Clinical	characteristics Correlation	(Pearson	r) P

LI vs. Sex 0.010 0.934

Age 0.219 0.063

BMI –0.186 0.115

Slipped segment –0.606 <0.001

Extent of slippage –0.660 <0.001

IDH 0.698 <0.001

Table 3. Pearson correlation analysis between LI of slipped vertebra and clinical characteristics.

Spine-pelvis sagittal parameters Correlation	(Pearson	r) P

LI vs. LL –0.554 <0.001

SS –0.484 <0.001

PI –0.532 <0.001

PT –0.603 <0.001

Table 5. Pearson correlation analysis between LI of slipped vertebra and spine-pelvis sagittal parameters.
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(P=0.006), and L5–S1 level slippage (P=0.001) increased the 
likelihood of the slipped vertebra becoming wedged.

Correlations between LI of the slipped vertebra and spine-
pelvic	sagittal	parameters

Pearson’s correlations between the LI and sagittal parameters 
showed that the slip angle, LL, and PI were negatively correlated 
with the LI (Table 5). In other words, the greater the slip angle, 
LL, and PI, the more severe the vertebral wedging (Figure 4).

Discussion

We found that certain patients with lumbar spondylolisthesis 
exhibited trapezoidal changes in their slipped vertebrae. The 
height of the posterior edge of the slipped vertebra was signif-
icantly lower than that of the normal vertebra (Figure 1). Using 
the LI, patients were divided into TV and control groups; the 
groups differed significantly in terms of the slipped segment, 
extent of slippage, and IDH. Isthmic and degenerative spondy-
lolisthesis are very different in terms of mechanics, typical pa-
tient age, and spine level. Interestingly, in our study, the clinical 
data and spine-pelvic sagittal parameters of the isthmic and 
degenerative spondylolisthesis TV groups did not differ signif-
icantly. Correlation and multiple linear regression analyses re-
vealed that patients with spondylolisthesis at level L5–S1, with 
lower intervertebral discs, and a greater extent of slippage, 
were more likely to exhibit wedging of the slipped vertebrae.

Since the discovery of lumbar spondylolisthesis, slipped ver-
tebral wedging has been insufficiently studied, and the rela-
tionship between spondylolisthesis and vertebral wedging has 
remained very controversial. Wiltse et al. [1] suggested that 
L5 vertebral wedging was a congenital hypoplasia and a risk 
factor for lumbar spondylolisthesis. Yue et al. [4] found that, 
on follow-up of 27 patients with lumbar spondylolisthesis, 17 

(63%) L5 vertebral bodies exhibited wedge deformation, which 
might be a risk factor for progression of lumbar spondylolis-
thesis. In contrast, Sairyo et al. [6] analyzed lateral X-ray mea-
surements of 46 athletes under the age of 18 years in whom 
vertebral wedge deformation occurred after slippage, and 
found that the extent of vertebral wedging was closely relat-
ed to the extent of spondylolisthesis; in patients exhibiting 
no spondylolisthetic progression, wedge deformation of the 
vertebral body was not aggravated. Beutler et al. [7] found no 
significant changes in either the LI or the extent of spondylo-
listhesis in 30 patients with lumbar spondylolisthesis followed-
up for more than 45 years; the childhood LI did not predict 
the development of spondylolisthesis in adulthood. However, 
these studies were all holistic in nature; they did not consider 
the pathological mechanisms and effects of vertebral wedg-
ing separately. Here, we focused on the slipped vertebral body. 
We analyzed the clinical data and sagittal parameters of pa-
tients with spondylolisthesis and found that the wedging of 
spondylolisthetic vertebrae was closely related to a great ex-
tent of slippage and a low L5–S1 IDH.

The fifth lumbar vertebra is the vertebra subjected to the 
greatest amount of static and dynamic stresses associat-
ed with daily activities [14]. The gravity load on L5–S1 of the 
spine features 2 components: a shear force applied parallel to 
the upper endplate of S1 ventrally and a vertical compressive 
force applied perpendicular to the upper endplate of S1 infe-
riorly; the shear force increases gradually from L1 to L5, at-
taining a maximum at L5 [15]. Ward et al. [16] showed that if 
the L5 vertebral body lacks interarticular freedom in the cra-
niocaudal direction, the body is clamped by the inferior facet 
of L4 and the superior facet of S1, triggering isthmic fissure 
of the L5 body. Terai et al. [17] performed finite element anal-
ysis of 10 adolescents with isthmic fissures; the site of max-
imum stress on the L5 vertebral body lay ventral to the artic-
ular process, that is, the posterior part of the vertebral body. 
Turner et al. [18] suggested that spondylolysis was an acute 
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fracture caused by application of excessive force to the lum-
bar spine or a fatigue fracture triggered by chronic repeat-
ed bending, stretching, or rotation of the spine. The patholo-
gy of slipping vertebral wedge deformation may be similar to 
that of isthmic fissure. We found that only 5 (20.8%) patients 
in the TV group exhibited L4–L5 segmental slippage, but 19 
(79.2%) had L5–S1 slippage; this may be because the L5 ver-
tebral body is subjected to the maximum shear force. In our 
study, the clinical data and spine-pelvic sagittal parameters of 
the isthmic and degenerative spondylolisthesis TV groups did 
not differ significantly, suggesting that trapezoidal changes in 
the slipped vertebrae are not causal factors in spondylolisthe-
sis, instead being related to the force exerted on the vertebral 
body after spondylolisthesis; in other words, wedge deforma-
tion of the vertebral body may be caused by spondylolisthesis.

We found that slip angle, PI, LL, SS, and PT were all significantly 
greater in the TV group than the control group. To the best of 
our knowledge, no study has yet explored the relationship be-
tween slipped vertebral wedging and spine-pelvis sagittal pa-
rameters. Qi et al. [19] found that the LL, SS, and PI were close-
ly related to lumbar spondylolisthesis and proportional to the 
extent thereof, and suggested that a larger PI was a risk factor 
for spondylolisthetic progression and that the LL increased in 
a compensatory manner. Zhao et al. [10] compared the spine-
pelvis sagittal parameters of patients with lumbar spondylolis-
thesis to those of a normal population, and also concluded that 
a larger PI increased the risk of spondylolisthesis progression. 
Roussouly et al. [20] analyzed the sagittal parameters of 82 pa-
tients with low-degree spondylolisthesis, and suggested that a 
higher PI indicated a greater SS. This indicates the presence of 
a large shear force between L5–S1, which is more likely to trig-
ger the development of, or aggravate, lumbar spondylolisthe-
sis. In adults, the PI value is an invariant anatomical parameter 

that is positively correlated with LL. The balance between these 
parameters is key to spinopelvic sagittal stability. In our study, 
the TV group had larger PI and LL values than the controls, and 
the LL value was closely related to the degree of wedging of 
the slipped vertebral body (r=–0.554, P<0.001). Therefore, the 
wedge shape of the vertebral body may be caused by the in-
crease in LL value to match the larger PI value.

Our study has certain limitations. First, we enrolled only a small 
number of patients, and those with asymptomatic spondylo-
listhesis were not included. Also, in the context of wedge de-
formation of the L4 vertebral body, we did not evaluate the 
effect of a change in sacral doming, which may also be a risk 
factor for L5 vertebral wedge deformation.

Conclusions

We found that some patients with lumbar spondylolisthesis, 
particularly those with a low IDH and a greater extent of slip-
page at L5–S1, tend to exhibit wedge-shaped changes in their 
slipped vertebrae. Wedge deformation of the vertebral body 
may be caused by spondylolisthesis. Also, such patients exhib-
ited a greater PI and LL, suggesting that the TV body may be 
caused by a larger PI. Finally, we wish to address the unique 
nature of wedged vertebrae in patients requiring surgery for 
intervertebral cage fusion. The selection of cage shapes/siz-
es and the position of the cage implantation may differ be-
tween patients with wedging plus spondylolisthesis and pa-
tients with spondylolisthesis alone, in terms of the effects of 
the spine-pelvis sagittal balance and postoperative restora-
tion of nerve function. The surgical plan must be chosen ac-
cording to the severity of wedge deformation, and further re-
search is needed regarding this point.
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Measurement Correlation
95%	Confidence	

interval

AH* 0.958 0.922–0.987

PH* 0.947 0.885–0.968

LI* 0.846 0.773–0.932

R* 0.822 0.761–0.928

a* 0.905 0.824–0.935

AH** 0.965 0.896–0.987

PH** 0.966 0.905–0.990

LI** 0.854 0.774–0.898

R** 0.829 0.765–0.902

a** 0.884 0.803–0.931

Extent of slippage 0.892 0.796–0.968

IDH 0.943 0.895–0.984

Slip angle 0.924 0.835–0.958

LL 0.903 0.822–0.961

SS 0.884 0.798–0.938

PT 0.928 0.824–0.974

PI 0.906 0.843–0.951

Supplementary Table 2. Interobserver reliability.

* L4 vertebrae; ** L5 vertebrae.

Measurement Correlation
95%	Confidence	

interval

AH* 0.987 0.926–0.998

PH* 0.981 0.934–0.998

LI* 0.905 0.826–0.984

R* 0.851 0.775–0.953

a* 0.917 0.834–0.981

AH** 0.982 0.944–0.999

PH** 0.985 0.937–0.999

LI** 0.911 0.834–0.961

R** 0.848 0.782–0.954

a** 0.886 0.796–0.963

Extent of slippage 0.906 0.841–0.958

IDH 0.961 0.901–0.987

Slip angle 0.954 0.895–0.969

LL 0.896 0.801–0.928

SS 0.915 0.835–0.965

PT 0.972 0.921–0.997

PI 0.936 0.889–0.978

Supplementary Table 1. Intraobserver reliability.

* L4 vertebrae; ** L5 vertebrae.
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