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Abstract

Introduction To date, few studies have focused on
spinopelvic sagittal alignment as a predisposing factor for
the development of degenerative spondylolisthesis (DS).
The objectives of this study were to compare differences in
spinopelvic sagittal alignment between patients with or
without DS and to elucidate factors related to spinopelvic
sagittal alignment.
Materials and methods A total of 100 patients with or
without DS who underwent surgery for lumbar spinal canal
stenosis were assessed in this study. Fifty patients with DS
(DS group) and 50 age- and gender-matched patients
without DS (non-DS group) were enrolled. Spinopelvic
parameters including pelvic incidence (PI), sacral slope
(SS), pelvic tilt (PT), L4 slope, LS5 slope, thoracic kyphosis
(TK), lumbar lordosis (LL) and sagittal balance were
compared between the two groups. In the DS group, the
percentage of vertebral slip (% slip) was also measured.
Results  Several spinopelvic parameters, PI, SS, L4 slope,
L5 slope, TK and LL, in the DS group were significantly
greater than those in the non-DS group, and PI had positive
correlation with % slip (r = 0.35, p < 0.05). Degrees of
correlations among spinopelvic parameters differed
between the two groups. In the DS group, PI was more
strongly correlated with SS (r = 0.82, p < 0.001) than
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with PT (r = 0.41, p < 0.01). In the non-DS group, PI was
more strongly correlated with PT (r = 0.73, p < 0.001)
than with SS (» = 0.38, p < 0.01).

Conclusions Greater PI may lead to the development and
the progression of vertebral slip. Different compensatory
mechanisms may contribute to the maintenance of spino-
pelvic sagittal alignment in DS and non-DS patients.

Keywords Spinopelvic sagittal alignment - Pelvic
incidence - Lumbar spinal canal stenosis - Degenerative
spondylolisthesis - Percentage of vertebral slip

Introduction

The whole spinal sagittal alignment is affected by various
factors including aging, posture, disorders of the spine and
those of the pelvis and lower extremities. In recent years,
evaluations of spinal sagittal alignment are becoming
increasingly important for investigating pathomechanisms
and treating degenerative spinal diseases. To date, several
studies regarding spinal sagittal alignment in normal popula-
tions and patients with low back pain have been reported
[8, 11,23]. Sacral slope and sacral inclination were evaluated
in some studies; these parameters are greatly influenced by the
position of the pelvis and may not be precise indicators of the
spinopelvic alignment [8, 23]. Duval-Beaupere et al. [6]
described an index, naming pelvic incidence (PI) as an
invariable morphologic angle, which is not affected by aging,
posture or tilting of the pelvis. PI would be a useful tool
for investigating the pathomechanisms of spinal diseases.
Mac-Thiong et al. [15] reported a study that used PI to com-
pare the spinopelvic sagittal alignment in children and ado-
lescents with developmental lumbosacral spondylolisthesis
and asymptomatic subjects. PI is also a predicting factor for
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spinal correction surgeries using osteotomies. Rose et al. [17]
demonstrated that PI and thoracic kyphosis can predict lumbar
lordosis required for obtaining correct sagittal balance in
patients undergoing pedicle subtraction osteotomy.

Several factors influencing the pathologies and the
development of degenerative spondylolisthesis (DS) have
been reported. Imada et al. [10] reported that an oopho-
rectomy was a predisposing factor for the development of
DS among women. Sanderson et al. [20] and Matsunaga
et al. [16], respectively, reported that pregnancy and joint
laxity were contributing factors to DS. Sato et al. [21]
demonstrated that the configuration of the laminas and
sagittal facet joints were predisposing factors for DS.
Despite these studies, few studies have focused on the
spinopelvic sagittal alignment, especially PI, as a factor
that would be related to DS. To the best of our knowledge,
the relationship between PI and DS has not yet been
evaluated in detail, with adjustments for confounding fac-
tors such as age and gender.

The objectives of the present study were to use PI to
clarify the difference in spinopelvic sagittal alignment
between patients with or without DS who underwent sur-
gery for lumbar spinal canal stenosis, and to elucidate
factors related to spinopelvic sagittal alignment.

Materials and methods

The approval of the institutional review boards of the
participating institutions was obtained prior to the present
study. A total of 268 patients with lumbar spinal canal
stenosis, 89 patients with DS and 179 patients without DS,
underwent surgery at our hospital between 2003 and 2006.
DS was defined as an anterior slip of the L4 vertebra of
5 % or more. Patients with other spinal diseases such as
trauma, tumor, scoliosis, isthmic lysis with or without
spondylolisthesis, severe osteoarthritis in the lower limbs
and a history of spine surgery were excluded from the
study. To compare the characteristics between patients with
DS (DS group) and those without DS (non-DS group) or to
investigate differences in spinopelvic sagittal alignment
according to gender, one of the authors who was not
involved in the radiograph measurements randomly selec-
ted the medical charts of 50 patients (male 25, female 25)
in the DS group and 50 patients (male 25, female 25) in the
non-DS group. The average age was 66.1 + 9.5 years in
the DS group and 69.7 £ 7.8 years in the non-DS group.
Before surgery, standing lateral radiographs of the whole
spine were taken with the arms in the fists-on-clavicles
position, elbows fully flexed with fists resting on the clavi-
cles, and knees and hips fully extended [7]. All the radio-
graphs were taken using vertical 35.4 x 83.7 cm film and a
digital radiography system (Fuji IP Longview cassette, Fuji
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Photo Film, Co., Japan). The patients for whom lateral
radiographs were unavailable, such as those with a low vis-
ibility of bilateral femoral heads, were excluded.

The spinopelvic parameters, including PI, sacral slope (SS)
and pelvic tilt (PT), were measured as reported by Duval et al.
[6]. Briefly, PI was regarded as the angle between the line
connecting the hip axis (HA) and the midpoint of the superior
endplate of S1 and the line perpendicular to it. SS was
regarded as the angle between the superior endplate of S1 and
the horizontal plane. PT was regarded as the angle between the
line connecting the midpoint of the superior endplate of S1 and
the HA, and the vertical plane. L4 slope was regarded as the
angle between the superior endplate of L4 and the horizontal
plane. LS slope was regarded as the angle between the superior
endplate of L5 and the horizontal plane (Fig. 1). The spinal
parameters were investigated as follows, according to
Jackson’s procedure [11]. The angle of thoracic kyphosis

Vertical plane

Horizontal plane

Hip axis

Fig. 1 Spinopelvic parameters. Standing lateral radiographs of the
whole spine were taken in the fists-on-clavicles position. The pelvic
parameters were measured as follows. Pelvic incidence (PI) was
regarded as the angle between the line connecting the hip axis (HA)
and the midpoint of the superior endplate of S1, and the line
perpendicular to it (A). Sacral slope (SS) was regarded as the angle
between the superior endplate of S1 and the horizontal plane (B).
Pelvic tilt (PT) was regarded as the angle between the line connecting
the midpoint of the superior endplate of S1 and the HA, and the
vertical plane (C). L4 slope was regarded as the angle between the
superior endplate of L4 and the horizontal plane (D). L5 slope was
regarded as the angle between the superior endplate of L5 and the
horizontal plane (E)
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(TK) was measured from the superior endplate of T1 to the
inferior endplate of T12, and that of lumbar lordosis (LL) was
measured from the inferior endplate of T12 to the superior
endplate of S1 using the Cobb’s method. To evaluate global
balance, the horizontal distance between HA and the C7
plumbline (HAC7PL) was also measured (Fig. 2).

Spinopelvic sagittal alignments in both groups were
classified into four types defined by Roussouly et al. [19].
Type 1 was defined as SS less than 35°, usually associated
with a low PI. The apex of the lumbar lordosis was located
at the center of the L5 vertebral body. Type 2 was defined
as SS less than 35°. The apex of the lumbar lordosis was
located at the base of the L4 vertebral body. Type 3 was
defined as SS between 35° and 45°. The apex of lumbar
lordosis was at the center of the L4 vertebral body. Type 4
was defined as SS greater than 45°, associated with a high
PI. The apex of lumbar lordosis was located at the base of
L3 vertebral body or higher.

C7 plumb line

Fig. 2 Spinopelvic parameters The spinal parameters were measured
as follows. The angle of thoracic kyphosis (TK) was measured from
the superior endplate of T1 to the inferior endplate of T12 (F). The
angle of lumbar lordosis (LL) was measured from the inferior
endplate of T12 to the superior endplate of S1 (G). The horizontal
distance between HA and the C7 plumbline (HAC7PL) was also
measured (H)

Additionally, in the DS group, % slip was measured
according to Taillard’s method.

All data were expressed as the mean + standard devi-
ation. Student’s 7-test was used to compare each parameter
between the DS and non-DS group. Correlations among the
spinopelvic parameters and between PI and % slip were
determined using Pearson correlation coefficient and the
differences in the coefficients between the two groups were
tested using rank test. A p value less than 0.05 was con-
sidered to be statistically significant.

Results

Table 1ashows the differences in the spinopelvic parameters
between the DS and non-DS groups. In the DS group, PI, SS,
L4 slope, L5 slope, TK and LL were significantly greater
than those in the non-DS group. In contrast, PT and HAC7PL
were not different between the two groups. The spinopelvic
parameters stratified according to gender were also com-
pared between the two groups (Table 1b, ¢). In the DS group,
PL SS, L4 slope, L5 slope, TK and LL were also significantly
greater than those in the non-DS group, both in males and
females. The mean L5 slope was 17.8 £ 7.3°, and the mean
L4 slope was 7.8 £ 5.5°in the DS group. The mean L5 slope
was 9.4 + 5.6° and the mean L4 slope was 2.7 £ 5.3° in the
non-DS group. L5 slope was significantly larger than L4
slope in both DS and non-DS groups (p < 0.001).

Significant positive correlations were also observed
between several spinopelvic parameters in both groups
(Table 2). However, the degrees of correlations among the
spinopelvic parameters differed between DS and non-DS
groups. In the DS group, PI was more strongly correlated
with SS (r = 0.82,p < 0.001)and LL (r = 0.58,p < 0.001)
than with PT (» = 0.41, p < 0.01). In contrast, in the non-DS
group, PI was more strongly correlated with PT (r = 0.73,
p < 0.001) than with SS (r = 0.38, p < 0.01).

The Roussouly types of spinopelvic saggital alignments
in the DS male group were Typel, 0; Type2, 10; Type3,
10; Type4, 5 patients. Those in the DS female group were
Typel, 0; Type2, 14; Type3, 4; Type4, 7 patients. Those in
the non-DS male group were Typel, 10; Type2, 12; Type3,
3; Type4, 0 patients. Those in the non-DS female group
were Typel, 9; Type2, 15; Type3, 1; Type4, O patients.

The mean % slip was 22.16 £ 6.73 % (9—40 %) in the
DS group. Interestingly, PI had a weak but positive cor-
relation with % slip (r = 0.35, p < 0.05) (Fig. 3).

Discussion

PI is an invariable morphologic parameter in an individual
person [6]. It is well established that PI determines the
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Table 1 Comparison of the spinopelvic parameters

DS total (n = 50) Non-DS total (n = 50) p value
(a) Comparison of the spinopelvic parameters between the DS and non-DS group in all the subjects
PI 57.5 £ 10.7° 48.8 £ 9.7° <0.001
SS 34.0 £ 9.9° 26.6 £ 7.0° <0.001
PT 235 £ 6.2° 222 £9.5° 0.427
TK 37.2 £ 11.2° 30.5 £9.7° 0.002
LL 474 £+ 16.5° 35.5 £ 8.9° <0.001
HAC7PL 15.3 £ 32.9 mm 15.3 £ 29.2 mm 0.995
L5 slope 17.8 £ 7.3° 9.4 £+ 5.6° <0.001
L4 slope 7.8 £5.5° 27 £53° <0.001
DS male (n = 25) Non-DS male (n = 25) p value
(b) Comparison of the spinopelvic parameters between the DS and non-DS group in males
PI 57.8 £ 11.7° 48.0 + 8.6° 0.002
SS 349 £ 9.8° 28.6 £ 7.6° 0.015
PT 229 £ 6.5° 19.4 £ 8.2° 0.1
TK 38.7 £ 8.9° 32.6 £9.3° 0.022
LL 48.1 £ 15.6° 38.0 £ 8.2° 0.006
HAC7PL 11.0 £ 29.6 mm 9.7 & 26.9 mm 0.866
L5 slope 17.8 £ 7.3° 94 £ 5.6° <0.001
L4 slope 7.6 £ 6.0° 24 £+ 49° 0.002
DS female (n = 25) Non-DS female (n = 25) p value
(c) Comparison of the spinopelvic parameters between the DS and non-DS group in females
PI 572 £9.8° 49.5 £ 10.7° 0.011
SS 33.1 £ 10.0° 24.5 £5.7° 0.001
PT 24.0 £ 6.0° 25.0 £ 10.0° 0.683
TK 35.6 £ 13.2° 283 £9.9° 0.03
LL 46.7 + 17.6° 33.0 £9.1° 0.001
HAC7PL 19.5 &+ 36.0 mm 21.0 £ 30.8 mm 0.88
L5 slope 18.7 £ 8.3° 9.2 £5.6° <0.001
L4 slope 8.0 £ 5.0° 3.0 £5.7° 0.002

mean =+ standard deviation

pelvic shape and is strongly correlated with SS and PT in
normal and scoliotic adult subjects as demonstrated by
Legaye et al. [14]. These authors also reported that SS was
closely correlated with spinal parameter, especially LL,
suggesting that the pelvic shape has a great impact on
thoracolumbar spinal curvatures. Our results also demon-
strated that spinopelvic parameters, including PI, SS, PT,
LL and TK, had significant positive correlation with each
other.

Several factors have been reported to affect the etiology
and development of DS, such as gender [16, 18], hormones
[10, 18], pregnancy [20], ligamentous hyperlaxity [16],
facet tropism, orientation of the lumber facet joints [4, 5, 9]
and configuration of the lamina [21]. Although many
studies have suggested the predisposing factors for the
development of DS, few studies have been reported
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regarding the influence of spinopelvic sagittal alignment,
especially PI, on the development of DS. Legaye et al. [14]
reported that a large PI indicated a steep SS and large
sagittal curves. Barrey et al. reported that patients with DS
demonstrated significantly greater PI (60°) than the normal
population (52°) and they also suggested that the shape of
the pelvis was the major predisposing factor for DS [2, 3].
Schuller et al. [22] also reported a significant increase in PI
(66.2° vs. 54.2°) and SS (42.3° vs. 33.4°) in the DS group
than in the reference group (low back pain due to moderate
degenerative disc disease). They suggested the anatomic
orientation of the pelvis with a high PI and SS seems to
represent a predisposing factor for DS. In the present study,
we also demonstrated that PI (57.5° vs. 48.8°) and SS
(34.0° vs. 26.6°) in DS patients were significantly larger
than in non-DS patients.
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CT:el;lﬁeci ntcs‘):rﬁg‘:g‘”t‘he DS (n = 50) p value Non-DS (n = 50) p value
spinopelvic parameters in the PLSS 0.82 <0.001 0.38 0.006
DS and non-DS group
PI-PT 0.41 0.003 0.73 <0.001
PI-TK 0.22 0.129 —0.14 0.344
PI-LL 0.58 <0.001 0.29 0.039
PI-HAC7PL —0.03 0.827 0.12 0.389
SS-PT —0.18 0.208 —0.35 0.014
SS-TK 0.25 0.084 0.21 0.138
SS-LL 0.84 <0.001 0.76 <0.001
SS-HAC7PL 0.14 0.319 —0.18 0.219
PT-TK —0.02 0.895 —-0.3 0.037
PT-LL —0.34 0.017 —0.26 0.071
PT-HAC7PL —0.28 0.046 0.26 0.072
TK-LL 0.53 <0.001 0.6 <0.001
TK-HAC7PL 0.09 0.554 —0.08 0.595
LL-HAC7PL 0.43 0.002 0.08 0.588

45

y=0.217x +9.633

35

25

20

% slip (%)

35 55 75
PI (°)

Fig. 3 Correlation coefficients between PI and % slip. The mean %
slip in the DS group was 22.16 £ 6.73 % (9-40 %). PI had a weak
but positive correlation with % slip in the DS group (r = 0.35,
p < 0.05)

DS is approximately four times or more common in
women [16, 18]. However, our analyses of the spinopelvic
sagittal alignment, stratified according to gender in the
present sex-matched study, demonstrated that PI in the DS
group were significantly greater than those in the non-DS
group both in males and females. Therefore, large PI in
conjunction with steep SS might be a common predispos-
ing factor for DS in both genders. To compensate for the
increase in SS and to maintain global balance, lumbar
lordosis and thoracic kyphosis would be maintained,
thereby showing characteristic spinopelvic alignments with
greater spinal curvatures in the DS group (Fig. 4).

Roussouly et al. [19] classified four types of spinopelvic
sagittal alignment using lateral radiographs in 160 normal

volunteers. They had noted that patients with symptomatic
disc herniations were most commonly classified as Type 1
or 2, patients with spinal stenosis as Type 4, and they rarely
saw patients with significant complaints who were classi-
fied as Type 3. In the present study, non-DS patients were
mostly classified into Type 1 or 2 (low sacral slope), and
patients with DS tended to be classified into Type 3 or 4
(high sacral slope), indicating positive correlation between
the spinopelvic alignments of the DS group and the
Roussouly types of 3 or 4. Therefore, the translational force
leading to the development of vertebral slip might be
greater in DS than in non-DS patients. Furthermore, in the
DS group, patients keep the lordosis without compensating
for a retroverted pelvis, and the mechanical stress might be
focused on the facet joints resulting in arthritis, loosening
and finally vertebral slip. In the present study, L5 slope was
significantly larger than L4 slope, thus the stress on the
facet joints of L4/5 may be larger than that of L3/4. In
contrast, there is an anatomical difference between L4/5
and L5/S1. Ligamentous structures including the iliolum-
bar ligament between L5 and the sacrum is stronger than
that between L4 and 5. Therefore, it was suggested that
vertebral slip generally developed in L4.

Our results also demonstrated that PI had weak but
positive correlation with % slip. Recently, Aono et al. [1]
also reported the relationship of PI and the development of
DS in a long-term prospective observation of 142 female
subjects without spondylolisthesis on baseline radiographs.
It is suggested that greater PI may lead not only to the
development, but also to the progression of vertebral slip.

Global balance was well maintained in both groups in
the present study. Our results showed that there was no
significant difference in PT (23.5° vs. 22.2°) between the
DS and non-DS patients. Schuller et al. [22] reported a
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Fig. 4 Typical spinopelvic
sagittal alignments in the non-
DS and DS patients. Greater PI
may lead to an increase in SS.
In order to compensate for the
increase in SS and to maintain
the global balance, lumbar
lordosis and thoracic kyphosis
may increase, thereby showing
characteristic spinopelvic
alignments with greater spinal
curvatures in DS patients
compared with non-DS patients

significant increase in PT (25.6° vs. 21.0°) in the DS group
than in the reference group. They suggested the posterior
tilt of the pelvis was a compensation mechanism in patients
with high PI. However, our analyses demonstrated that the
degree of correlations among the spinopelvic parameters
differed between the DS and non-DS groups. In the DS
group, PI was more strongly correlated with SS than with
PT, suggesting that an increase in the sacral slope was the
major factor compensating for a greater PI. In contrast, in
the non-DS group, PI was more strongly correlated with PT
than with SS, suggesting that a backward pelvic tilt was the
major factor compensating for a greater PI (Fig. 5). In
previous studies, lumbar lordosis varied depending on the
position during imaging, measured lumbar spinal level and
age of subjects. Kalichman et al. [12] reported that the
mean lumbar lordosis was 46 0.2° for males and 47.6° for
females. In other studies, mean lumbar lordotic angles were
reported to be 46.5° in 100 young French volunteers [24].
Kanemura et al. [13] reported that the mean lumbar lor-
dosis was 54.0° in 160 Japanese normal volunteers. In the
present study, the mean LL in non-DS patients was 35.5°
which was a relatively low lordosis. Thus, in the non-DS
group, a loss of lordosis possibly related to advanced disc
degeneration induced the compensatory increase in PT. In
this mechanism, the higher the PI, the more is the com-
pensatory increase in PT. Therefore, different mechanisms
may contribute to the maintenance of spinopelvic sagittal
alignment in DS and non-DS patients.

@ Springer

non-DS

Fig. 5 Schematic drawing depicting the different mechanisms
responsible for the maintenance of spinopelvic sagittal alignment in
non-DS and DS groups. In the DS group, PI was more strongly
correlated with SS and LL than with PT, suggesting that an increase
in the sacral slope and lumbar lordosis was the major factor
compensating for a greater PL. In the non-DS group, PI was more
strongly correlated with PT than with SS, suggesting that a backward
pelvic tilt was the major factor compensating for a greater PI
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The present study had several limitations including a
small sample size, lack of a normal population, and a
retrospective and cross-sectional design, rather than a
longitudinal study design. However, to the best of our
knowledge, this is the first report to demonstrate the
importance of spinopelvic sagittal alignment, especially
about PI, for the different pathomechanisms between the
patients with lumbar spinal canal stenosis with or without
DS regardless of the gender bias. The information obtained
in this study may shed light on the pathomechanisms
responsible for the onset and progression of DS.

Conclusions

PI in the DS group was significantly greater than that in the
non-DS group, and PI had positive correlation with % slip.
Greater PI may lead to the development and the progres-
sion of vertebral slip. The degree of the correlations among
the spinopelvic parameters differed between the DS and
non-DS groups; different compensatory mechanisms may
contribute to the maintenance of the spinopelvic sagittal
alignment in the DS and non-DS patients.

Conflict of interest None.
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