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Objective We aimed at describing spin pelvic alignment features in patients with
degenerative spondylolisthesis (DS), in comparison with other patients complaining
of low back pain but no evidence of spondylolisthesis on standard standing lateral
lumbosacral X-ray.
Methods In this prospective descriptive study, patients with low back pain included
in two groups of DS and non-DS patients, according to preoperative lumbosacral X-ray
in standard standing lateral position. Patient’s demographic characteristics, as well as
spinopelvic alignment parameters including pelvic incidence (PI), pelvic tilt (PT), sacral
slope (SS), lumbar lordosis, and facet joint orientation, were collected. DS patients
were compared with non-DS, age-matched control group.
Results DS patients were significantly obese (p = 0.031) and had a high PI
(56.39 ± 11.5), SS (38.28 ± 10.32), and PT (18.52 ± 9.11), (p = 0.00, 0.01, 0.04, respectively). Moreover, segmental lordosis at L2–L3, L3–L4, and L5–S1 levels demonstrated
a significant increase (p < 0.05). Facet joints at L4–L5 level were located more sagittally
(37.5 ± 7.07 vs. 40.71 ± 6.33).
Conclusion PI, SS, and PT significantly increase in DS patients compared with nonDS group. Elevated segmental lordosis at high lumbar levels and sagittal orientation of
facet joints were other features observed in DS patients.

Introduction
Spinopelvic morphology and orientation balance the mechanical stress over lumbosacral junction.1 L5 slippage over S1,
leading to L5–S1 spondylolisthesis disarranges sacropelvic
orientation, resulting in sagittal imbalance of the spine.1
This condition is more frequent among women and patients
younger than 50 years.2 Wiltse and Newman described five
groups of patients: dysplastic, isthmic, traumatic, pathologic,
and degenerative categories. Degenerative form of the disease
involves L4–L5 level more frequently, despite other forms of
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spondylolisthesis that are more prevalent at L5–S1 level.2,3
Multiple pathologic factors have been described including
elevated body mass index (BMI), facet joint osteoarthritis,4
incompetence of the paraspinal m
 uscles and ligaments, and
effect of female sexual hormones.5 Spondylolisthesis leads to
decreased capacity of compensatory balance mechanism.2
Untreated patients develop structural abnormalities in vertebrae, adjacent nerve roots and soft tissue, reflecting as low
back pain along with radicular neurologic deficit and sagittal pelvic imbalance.6,7 In recent few years, the presence of
high pelvic incidence (PI) and sacral slope (SS) have been

©2020 Neurological Surgeons’
Society of India

Spinopelvic Alignment Parameters

Alijani et al.

highlighted in the setting of degenerative spondylolisthesis (DS). With focus on predisposing role of these factors,8,9
increasing pelvic tilt (PT) reimburses high PI as a compensatory mechanism.9,10
Concomitance of overweight and vertical displacement of
S1 endplate leads to anterior slippage of L4 over L5. The purpose of this study was to evaluate radiographic spinopelvic
parameters and demographic features in patients diagnosed
with DS, compared with the same findings in another group
of patients with low back pain but no evidence of DS on X-ray.

Materials and Methods
This study was designed as prospective descriptive and observational case series. Institutional review board approved our
study. After obtaining written consent form, we defined the
two groups of patients referring to the clinic according to their
basal spine X-ray in standard standing position. All of them
had complaints of low back pain. The first group included
60 patients with DS, and the second consisted of 60 patients
with low back pain due to other causes. We described the
exclusion criteria as developmental spondylolisthesis, previous history of spinal neoplasm or fractures, and past spinal
surgical interventions with or without prosthetic material
deployment. We recorded BMI (weight [kg] divided by height
[m2]), sex, and age of all patients. On lateral lumbosacral
X-ray, we measured PT, SS, and PI (►Fig. 1). Furthermore, we
applied Digimizer software (v4.1.10; MedCalc Software) for
calculating L1–S1 lordosis and segmental lordosis at levels of
L1–L2 (►Fig. 2) to L5–S1 (►Fig. 3), between the superior endplate of the upper vertebra and inferior endplate of the lower
vertebra on X-ray, as well as facet joint orientation at levels

Fig. 2 Measurement of L1–S1 lordosis.

Fig. 3 Measurement of L4–L5 segmental lordosis.

Fig. 1 Measurement of PI, SS, and PT.

of L3–L4 to L5–S1 on axial planes of computed tomographic
(CT) images as presented in ►Fig. 4. Existence of osteophytes
was considered as the presence of osteoarthritis. We collected all the aforementioned parameters for each patient, and
they were statistically analyzed using SPSS software (version
21; IBM Corp.). The significance cutoff was p > 0.05.
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age of 52.22 ± 8.81 years, and non-DS patients consisted
of 24 women (40%) women and 36 (60%) men with mean
age of 52.85 ± 10.11 years. DS patients with average BMI of
29.92 ± 5 were significantly obese, compared with non-DS
patients with average BMI of 28.29 ± 4.28 (p = 0.031).
The radiologic parameters are detailed in Tables 1–3. As
shown in ►Table 1, PI, SS, and PT were significantly higher
in DS group than in non-DS patients (p = 0.00, 0.001, 0.04,
respectively). Significant increase in L1–S1 lordosis in DS
patients was another finding (41.83 vs. 32.92, p = 0.001).
Comparing segmental lordosis from L1–L2 to L5–S1
levels between the two groups demonstrated a significant
difference at more cranial segments (►Table 2). There
fore, that segmental lordosis was significantly higher in DS
patients compared with non-DS patients at L2–L3, L3–L4, and
L4–L5 levels (7.5 vs. 4.85, p = 0.001, 14.03 vs. 6.78, p = 0.00,
18.31 vs. 14.33, p = 0.007, respectively).
Findings of facet joint orientation in axial CT imaging are
described in ►Table 3. It is notable that the L3–L4 facet joints
are oriented more sagittally in DS patients compared with
non-DS group (37.55 vs. 40.71, p = 0.01). Nearly 83% of DS
patients had osteoarthritis, but only 30% of non-DS patients
had osteophytes on X-ray.

Fig. 4 Measurement of facet joint orientation.

Discussion

Results
In this study, we enrolled two groups of patients. DS patients
included 36 (60%) women and 24 (40%) men with mean

Spondylolisthesis, characterized by abnormal sacropelvic
morphology and orientation, leads to disturbed global sagittal balance of the spine.11 In other words, the natural history
of spondylolisthesis develops mechanical instability, which

Table 1 Comparison of PI, SS, PT, and L1–S1 lordosis in DS and non-DS patients
Sacropelvic alignment parameters

DS (mean ± SD)

Non-DS (mean ± SD)

p-Value

Pelvic incidence

56.39 ±11.51

46.27 ± 9.84

0.000

Sacral slope

38.28 ±10.32

32.35 ± 9.16

0.001

Pelvic tilt

18.52 ± 9.11

14.02 ± 7.03

0.04

L1–S1 lordosis

41.83 ± 11.49

32.92 ± 13.62

0.001

Abbreviations: DS, degenerative spondylolisthesis; PI, pelvic incidence; PT, pelvic tilt; SD, standard deviation; SS, sacral slope.

Table 2 Segmental lordosis from L1–L2 to L5–S1 in DS and non-DS patients
Sacropelvic alignment parameters

DS (mean ± SD)

Non-DS (mean ± SD)

p-Value

Segmental L1–L2 lordosis

5.52 ± 3.75

4.65 ± 2.77

0.32

Segmental L2–L3 lordosis

7.50 ± 4.67

4.85 ± 3.47

0.001

Segmental L3–L4 lordosis

14.03 ± 6.06

6.78 ± 4.13

0.00

Segmental L4–L5 lordosis

18.31 ± 7.88

14.33 ± 7.20

0.007

Segmental L5–S1 lordosis

17.79 ± 8.18

15.08 ± 7.90

0.052

Abbreviations: DS, degenerative spondylolisthesis; SD, standard deviation.

Table 3 Facet joint orientation of L3–L4 to L5–S1 levels in DS and non-DS patients
Facet joint orientation

DS (mean ± SD)

Non-DS (mean ± SD)

p-Value

L3–L4

31.87 ± 6.86

34.47 ± 6.69

0.06

L4–L5

37.55 ± 7.07

40.71 ± 6.32

0.01

L5–S1

44.67 ± 8.47

45.88 ± 7.88

0.53

Abbreviations: DS, degenerative spondylolisthesis; SD, standard deviation.
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advances compensatory responses.2 The most commonly
used spinal alignment parameters include PI, PT, SS, and lumbar lordosis.8,11 Labelle et al found a significant increase in all
of these parameters in DS patients, compared with control
population.12
Roussouly classified sagittal orientation of the lumbar
spine and pelvis in four groups. High PI and SS and lumbar
lordosis are the main features in type IV of this classification.13
Of note, the cause-effect relationship between increased PI
and spondylolisthesis is unclear, although the correlation
between them has been emphasized in the literature,11
even though some studies reported a low PI in DS patients.8
Increased mean PI has been suggested in many studies
reported as 62.5% by Morel et al,14 60% by Barrey et al,15 66.2%
by Schuller et al,9 and 58.8% by Ferrero et al.8 Our findings
were compatible with others in this regard (56.39%). Average
reported PT in Schuller’s study was 21%9 and 23.1% in
Ferrero’s study.8 Our study also showed a significant increase
in DS patients but with lower degrees (16.64%). Morel et
al suggested disc degeneration of lower lumbar levels and
posterior tilt as the reason.14 Schuller et al debated increment
in segmental lordosis at the levels above spondylolisthesis, which might lead to posterior stress on facet joints.9
They also observed nonsignificant increased lumbar lordosis in comparison with reference group,9 but a significant
difference was observed between groups in Ferrero’s study.8
High lumbar lordosis accelerates osteoarthrosis changes.15
Contemporary occurrence of vertebral slippage and disc
degeneration and collapse also facilitate arthrosis changes of
posterior facets.15 We found comparable segmental lordosis
at L5–S1 levels, but significant increase in L1–L2, L2–L3, and
L4–L5 lordosis.
One of the critical roles of facet joints is inhibition of
excessive axial rotation.16 Therefore, when sagittal orientation
of facet joints happens, anterior slippage will occur.17,18 In DS
patients, elevated sagittal orientation of facet joints at the
level of L4–L5 is a feature.9,17,19
According to prior investigations, the relationship
between overweight and vertical deviation of S1 endplate
predisposes L4 to anterior displacement on L5.9 Jacobsen et
al suggested a significant association between overweight
and manifestation of DS.20 Obesity might lead to more axial
load on L4–L5 discs and facet joints, in addition to anterior
displacement of the trunk.9
Reduction and fixation with circumferential arthrodesis
would modify loading on lumbosacral segments.21 Restoration of sagittal balance and physiologic lumbar lordosis is
the main target of surgical correction.15

Conclusion
Increased PI, PT, and SS are the main features in most DS
patients. Increasing segmental lordosis at higher levels is evident in many of these patients. Sagittal facet joint orientation
at L4–L5 level is another finding of this study. Notably, this
study insists that female sex and obesity are more frequent in
this population. Surgical interventions may correct abnormal
loading, and consequently would diminish the symptoms.
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