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ABSTRACT

Objective: Spinopelvic parameters were identified and the association between sagittal spinopelvic alignment and lumbar disc diseases have been
reported in several studies. The purpose of this study was to evaluate the spinopelvic parameters such as lumbar lordosis (LL) and sacral slope
(SS) in normal healthy lumbar spine versus degenerative disc disease group.

Methods: We retrospectively identified 140 patients suffered from back pain with/without radiculopathy between 2016-2017 in this study. Of
these 70 patients had normal disc morphology and they constituted called control group, and the other 70 patients had lumbar degenerative
disc disease and they constituted called disease patient group. All patients’ LL, and SS angles were measured on T2 weighted sagittal magnetic
resonance imaging and degenerated disc levels were noted. We also recorded LL-SS ratio which was calculated by dividing of LL by SS value in
both groups. We compared these parameters between two groups.

Results: In disease patient group there was a positive correlation (r=0.947, p<0.0001) between the LL and SS angles. The mean LL was
45.14+11.01 and the mean SS angle was 35.91+7.67 degrees and there was weak negative correlation between degenerated disc level and SS
angle (r=-0.243, p=0.042). LL-SS ratio was 1.25+0.1. In control group, there was a positive correlation (r=0.927, p<0.0001) between the LL
and SS angles. The mean LL was 49.46+9.07 and the mean SS was 38.45+6.91 degrees. LL-SS ratio was 1.28+0.93. There were significant
differences in LL, SS and LL-SS ratio between groups (p=0.013, p=0.041, and p=0.025, respectively).

Conclusion: LL, SS angles and LL-SS ratio which are easily measured at in neurosurgery, orthopaedics and physical therapy practice, may be
the predictor of disc degeneration.
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parameters were defined by Duval-Beaupere et al. (1-3). Many
studies have identified the relationship between degenerative
spondylolisthesis and impaired The
relationship between sagittal spinopelvic balance and lumbar disc

Introduction

The spinal balance is provided by the placement of spine with

spinopelvic  balance.
proper lordosis on pelvis. For this reason, a relationship is tried

to be established between the relation of the pelvis with the spine

and diseases of the spine. As a result of the studies, spinopelvic

diseases (LDD) has been demonstrated by several studies in recent

years (4-7).
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Some sagittal spinopelvic parameters were lumbar lordosis (LL)
and sacral slope (SS). Pelvic incidence (PI) reaches a permanent
fixed value with the completion of growth; it is not affected by
position, posture and degenerative diseases of spine and pelvis; it
is a fixed morphological parameter (4,8,9). PI consists of the sum
of pelvic tile (PT) and SS and these two values may vary. There is
a correct proportional relationship between SS and LL (2).

Increased angle of P was determined as a predisposing factor in the
pathogenesis and development of degenerative spondylolisthesis,
resulting in increased PI, increased SS, and increased LL
(4,8,9). Increased LL values have been shown in some studies
to increase the risk of spondylolisthesis by increasing shear stress
in lumbosacral junction. Some authors describe characteristic
spinopelvic features in patients with LDD (4-6). Endo et al. (5)
and Rajnics et al. (6) and observed decreased SS, decreased LL
and anterior-shifted sagittal vertical axis (SVA) in patients with
LDD. Although Barrey et al. (4) opposed that asymptomatic
individuals might have abnormal spinopelvic angles, Yang et al.
(7) showed disc degeneration in magnetic resonance imaging of
asymptomatic individuals with abnormal spinopelvic values and
revealed the relationship between spinopelvic values and LDD.

The aim of this study was to compare the LL and SS angles, which
can be easily calculated from the MRI images between patient
and control groups and to find out the relationship between LL
and SS angles and the disk levels of degenerative disc disease.

Methods

Seventy consecutive patients with single or two levels disc
degeneration or disc hernias in lumbar MRI, and 70 consecutive
patients without disc degeneration or disc hernias, whose disc
morphology was completely normal, were retrospectively selected
from all the patients who were admitted to our clinic with back
and/or leg pain between 2016-2017 for the study. This study
was approved by the Baskent University Institutional Review
Board (number: KA15/279) and written informed consent
form was obtained from each patient. Patients with normal disc
morphology were referred as control group, and patients with disk
degeneration were referred as the patient group. Patients with 3 or
more levels of disc degeneration, spondylosis, spondylolisthesis,
spinal stenosis, scoliosis, vertebral fractures, infective processes
such as osteomyelitis-discitis, spondyloarthropathies and
previously operated patients (patients with discectomy or spinal
fusion surgery) were excluded from the study.

The same 1.5 T MRI technique in which the signals are
maximized using spine coil (Signa Excite, GE Medical Systems,
Milwaukee, WI, USA) was used in all the patients in our radiology
department. Lombar MRIs of both groups were investigated, and
LL and SS angels were measured by the Clear Canvas program.
Although LL is the lordotic angle of the lumbar vertebrae, it is
the angle between the parallel line from the L1 vertebra upper
end plate and the line tangled to the sacral vertebrae final plate in
the T2 sagittal plane of the lumbar MRI (Figure 1A). The angle
of the sacral curve is the angle between the parallel line passing
through the upper plate of sacrum and the horizontal line in
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the same MRI cross section (Figure 1B). A radiologist calculated
these angles along with the impaired disc levels and recorded
them in the patients’ medical recordings. Age, gender, and other
data were recorded from the patiens’ recordings.

A strong correlation was shown in many studies between LL
and SS as indicated in the medical literature. In our study, when
we divide the LL angle to the SS angle, the resulting value was
calculated and recorded in both groups under the name of the
LL-SS ratio.

Statistical Analysis

Correlation between age, gender, degenerated disc levels, LL,
SS, LL-SS ratio in the groups was measured by the Pearson
correlation test. The mean values of age, LL, SS and LL-SS ratio
in both groups were compared by t-test. Descriptive statistics
were expressed as mean and standard deviation for variables
with normal distribution. P value below 0.05 was accepted as
statistically significant. All statistical tests were performed with
SPSS software for Windows (version 21.0; IBM, Armonk, NY,
USA).

Results

There were 70 individuals in the control group consisting of 22
males (31.4%) and 48 females (68.6%) and the mean age was
38.17+13.21 years. There were 70 patients with lombar disc
degeneration in the patient group consisting of 35 males (50%)
and 35 females (50%) and the mean age was 45.58+15.62 years.
There was statistically significant difference between the groups
in terms of age (p=0.003). Impaired disc levels and demographic
features of the patients were given in Table 1.

The mean LL value was 45.14+11.01 degrees and the mean SS
value was 35.91+7.67 degrees in the patient group. There was a
weak correlation between age and LL and SS (r=0.25, p=0.037 and
r=0.245, p=0.041, respectively). There was a proportional strong
correlation between LL and SS (r=0.947, p<0.0001). The more
caudal disc degeneration levels, the smaller SS angles; however
there was a still weak correlation (r=0.243, p=0.042, respectively).
The mean LL-SS ration was 1.25+0.1 in the patient group.

The mean LL value was 49.46+9.07 degrees and the mean
SS value was 38.45+6.91 degrees in the control group. There

imaging shows lumbar lordosis angle (A) and sacral slope
angle (B)
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Table 1. Demographic features
Control group Patient group p values

Age (years * SD) 38.17+13.21 45.58+15.16  0.003
Gender (n, %) 0.025
Male 22 (31.4%) 35 (50%)

Female 48 (68.6%) 35 (50%)

Impaired disc levels (n, %)

L2-3 = 3(4.3%)

L3-4 = 7 (10%)

L3-4 and L4-5 - 3 (4.3%)

L4-5 = 23 (32.9%)

L4-5 and L5-S1 = 11(15.7%)

L5-S1 = 23 (32.9%)

SD: standard deviation

LL-SS ratio I‘** p=0,025

Sacral Slope (SS)
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Figure 2. Comparison of spinopelvic parameters in control
and patient groups

was a strong correlation between LL and SS angles (r=0.927,
p<0.0001). The mean LL-SS ration was 1.28+0.93 in the control

group.

There were statistically significant differences between the
groups in terms of the mean LL and SS angles and LL-SS ratios
(p=0.013, p=0.041 and p=0.025, respectively) (Figure 2).

Discussion

The prevalence of back pain in adults is between 60% and 90%.
Discogenic pain is one of the most important causes of low back
pain and it is thought that LL and changes in sacral parameters
are very important causes of discogenic pain. In many studies on
lumbosacral morphology, the relation of back pain with LL and
SS angles in isthmic spondylolisthesis has been studied, but this
relation in more frequent pathologies such as intervertebral disc
degeneration or disc hernias have been less studied (10).

The direct relationship between LL and SS angle has been shown
in many studies (11-13). Diseases affecting the lumbar region
or sacropelvic junction disrupt the sagittal balance and lead to
compensatory changes such as an increase or decrease in thoracic
kyphosis. The increase in physiological kyphosis in the thoracic
region results in a shift of the sagittal balance line to the frong
the decrease in physiological kyphosis in the thoracic region
results in a shift of the sagittal balance line to the back. The
increase in physiological kyphosis in the thoracic region results
in a shift of the sagittal balance line to the front; the decrease in
sagittal balance line to the back of the way to change. Anatomical
and positional parameters used in the analysis of the sacropelvic
compound are available. The main positional parameters are
lumbosacral, L5 incidence, PT and SS angles. Although these
parameters are used in the evaluation of different regions, they
are constantly interrelated. A change in a region or in a parameter
results in compansatuary response in other parameters to restore
sagittal balance (14).

It is known that pelvic morphology affects sagittal spinal
geometry in particular, LL angle (14). The effect of pelvic
morphology on spinal balance in the progression and treatment
of spinal deformities should be well understood. PI is the sum
of SS and PT. It is accepted that spinopelvic balance changes are
compensated by changes in PT and SS angle to keep PI angle
stable. Theoretically, PI angle is constant. Mac-Thiong et al. (15)
investigated the relationship between toracic kyphosis, LL, PI,
SS and PT in children adolescents in 2005. They found mild
relation between toracic kyphosis and LL and strong relation
between SS and LL. A direct relation between toracic kyphosis
and PT was not established. Gottfried et al. (16) showed decrease
in LL and increase in PI and PT in patients with iatrogenic
flatback. This compensatory mechanism prevents the increase
of kyphosis. With these parameters, LL-SS ratio has not been
previously reported in the literature. The mean constant value of
1.3 calculated in the control group with normal disc morphology
was low and suggested that disc degeneration might develop. This
value was lower in the patient group and there was a statistically
significant difference between groups in terms of LL-SS ratio.

In patients with degenerative disc disease and disc hernias, there
is a more flat spine, characterized by decreased thoracic kyphosis
and decreased LL. In these individuals, PI appears to be lower
than normal population. Rose et al. (17) suggested that the sum
of thoracic kyphosis, LL and pelvic indices should be less than
45 degrees for a healthy spinopelvic balance (18). Yang et al. (7)
observed that PI was lower in patients with lumbar degenerative
disc, and that the angles of the SS and PT were decreased,
and finally, that flatcer LL and thoracic kyphosis developed. A
flattened spine and more vertically positioned sacrum increases
the compressive forces created by gravity and accelerates disc
degeneration (6,19-21). On the other hand, the absorption of
the shaking loads formed by these vertical forces will decrease and
result in the formation of disc hernias. The decrease in LL will
shift the SVA line to the fore; and will activate the hip extensors
resulting in pelvic backtilts (2,4,5,9,22). It is suggested that
lumbar discectomy improves the LL and that SVA approaches to
normal limits and thus pain is reduced (5).
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We believe that the changes in disc morphology have an effect on
many lumbosacropelvic angles and biomechanics of the spinal
structure together. Therefore, lumbosacropelvic morphology in
male and female patients may be related with the quality of life
after lumbar disc herniation surgery.

In the present study, it was shown that LL and SS angles were
predisposing factors in the development of degenerative disc
disease. In many studies it was shown that there was a relationship
between LL and SS (23,24). However, in this study, there was
statistically significant difference between the patient group and
the control group with normal spinal morphology in terms of
LL and SS means. It can also be concluded that the LL and SS
angles may be predisposing factors for the development of disc
degeneration. However, the patients in the control group were
not followed up for many years and it is not known whether
controls will develop or not develop disc degeneration over time.

Study Limitations

Retrospective design based on the medical recordings of the
patients, lack of follow-up results of the control group in the
study for many years and lack of a prospective or randomized
design were the limitations of the study. In addition, patients
in both groups did not exhibit similar characteristics in terms
of age, gender, occupation and environmental factors, which
could be a limitation in determining the development of disc
degeneration. The existence of a control group and large number
of patients were the strong sides of this study. However, fallibility
of these results can be reduced by randomised, controlled and
prospective studies.

Conclusion

The value of LL and SS angles and LL-SS ratio, which can be
easily measured in neurosurgery, orthopedics or physical therapy
practice, in predicting the development of disc degeneration
should not be underestimated.
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