
Vol.:(0123456789)1 3

MUSCULOSKELETAL SURGERY (2022) 106:195–199 
https://doi.org/10.1007/s12306-020-00693-5

ORIGINAL ARTICLE

The impact of spino‑pelvic parameters on pathogenesis of lumbar disc 
herniation

B. Pourabbas Tahvildari1 · Z. Masroori1 · M. A. Erfani1 · S. Solooki1 · A. R. Vosoughi1 

Received: 5 November 2019 / Accepted: 16 December 2020 / Published online: 6 January 2021 
© Istituto Ortopedico Rizzoli 2021

Abstract
Purpose  Controversies exist on the relative contribution of sagittal spino-pelvic alignment on pathogenesis of lumbar disc 
herniation.
Methods  Spinopelvic alignment parameters, pelvic incidence, pelvic tilt, sacral slope, pelvic radius-S1 end-plate ratio and 
pelvic radius-S1 angle, in 52 patients with lumbar disc herniation were compared with the same measurements in 43 healthy 
adult volunteers.
Results  Statistical analysis revealed significant difference in pelvic incidence and sacral slope between patients with lumbar 
disc herniation and normal population.
Conclusion  Patients with lumbar disc herniation have a more vertical sacrum compared to the normal population which may 
result in higher intradiscal pressure in these patients.
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Introduction

The sagittal balance is characterized by both pelvic and 
spinal parameters. Several studies have confirmed that the 
shape and the spatial orientation of the pelvis determines 
the organization of the lumbo-thoracic spine [1, 2]. Duval-
Beaupère et al. [3] and then Legayeet al. [4] coined the term 
‘pelvic incidence’ (PI) as a fundamental pelvic parameter 
that is specific and constant for each individual and deter-
mines pelvic orientation as well as lumbar lordosis (LL). 
Sacral slope (SS) and pelvic tilt (PT) are position-dependent 

parameters and vary according to the position of the pelvis 
in space. Pelvic radius technique as described by Jackson 
et al. [5] measures pelvic morphology by using the approxi-
mated center of the hip on the lateral radiograph and draw-
ing a line to the posterior superior corner of S1 end-plate. 
Pelvic radius-S1 (PR-S1) angle is the angle formed by the 
line drawn from approximated center of hip to the posterior 
superior corner of S1 and the line parallel to superior end-
plate of S1 vertebrae. Pelvic radius (PR) is also measured in 
millimetre, representing the distance from approximated hip 
center (also called bicoxofemoral hip axis) to the posterior 
superior corner of S1 (Fig. 1). We divided PR by S1 end-
plate length (PR/S1) in this study to omit the magnification 
errors that might be encountered.

Pelvic morphology has been shown to substantially influ-
ence the biomechanical characteristics of the lumbar spine 
and plays a significant role in the pattern of load distribution 
and mechanical environment of the intervertebral disc. Sev-
eral studies have been performed to determine any possible 
relationship between these parameters and degenerative disc 
and facet disease [5–9]. However, few studies have been car-
ried out to determine the relationship between spino-pelvic 
morphology and lumbar disc herniation (LDH) in young 
adult patients [10–13].
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In this study, we conducted a roentgenographic analysis 
of spino-pelvic sagittal parameters in 52 patients with acute 
lumbar disc herniation and compared the results with an 
asymptomatic control group.

Materials and methods

A total of 52 patients with documented lumbar disc her-
niation (LDH) in magnetic resonance imaging (MRI) who 
met the inclusion criteria and were aged between 20 and 
50 years, were compared with a group of 43 healthy vol-
unteers. LDH patients did not have any other pathology in 
spine such as spondylolysis, spondylolisthesis, or any his-
tory of spine tumour or infection. They had typical radicular 
pain in lower extremity with or without neurologic deficit 
and were symptomatic for no more than 6 months. Demo-
graphic data such as age, sex and body mass index (BMI), 
level of disc herniation, duration of symptoms, presence of 
neurologic deficit and any treatment received were recorded. 
Lumbar disc protrusion and extrusion were considered as 
disc herniation and disc bulging or annular tears were not 
included in the patients’ group.

Forty-three volunteers participated in the study. They 
aged 20–50 years and had no history of significant trauma, 
no history of significant back pain seeking medical interven-
tion, no history of spine tumour or infection.

The radiographic protocol was standardized for all partic-
ipants. For each subject, a standing right lateral radiograph 
including the lumbar spine and pelvis was obtained with 
the cassette placed at 72-in from the X-ray tube. Subjects 
were instructed to stand in a comfortable position with the 
hips and knees fully extended. Hands were positioned near 
the ear. All radiographs were acquired in digital format. 

Parameters of sacropelvic balance and morphology were 
then measured by two observers using INFINITT software 
(Optispine, Korea). All participants filled an informed con-
sent form. Those with any contraindication for exposure 
to x-ray (e.g., pregnancy) were excluded. The study was 
approved by the University ethics committee.

Lumbopelvic alignment was measured in both groups as 
described in introduction. For each participant five param-
eters were measured including PI, SS, PT, PR-S1 and PR/S1.

The data were analysed using the SPSS 14.0 software 
(SPSS Inc., Chicago, IL, USA). Descriptive statistics (mean 
and standard deviation) were provided for all subjects. The 
Kolmogorov–Smirnov test was used to assess if the meas-
ured parameters were normally distributed in the two groups. 
Comparisons between case and control groups were per-
formed using bilateral independent Student’s t tests for 
those with normal distribution and Mann–Whitney test for 
the other. The relationship between two observers’ meas-
urements was assessed using Pearson’s coefficient. Statis-
tically significant correlation coefficients were considered 
clinically large if ≥ 0.8, moderate if ≥ 0.6, and small if ≥ 0.4. 
p value < 0.05 was considered significant.

Results

Standing Lateral lumbosacral radiographies of 43 healthy 
adult volunteers and 52 patients with lumbar disc herniation 
were analysed. Anthropometric data of all subjects is showed 
in Table 1. Pearson correlation test showed 0.899 correla-
tion coefficient between measurements made by two observ-
ers; therefore, only data from the first observer was used for 
analysis. T test was used in order to calculate the difference 
between control and LDH groups. Measured spino-pelvic 
parameters and their respective values are demonstrated in 
Table 2 and Fig. 2. The mean pelvic incidence was 47.44° 
(SD = 6.0) in the LDH group and 51.81° (SD = 8.3) in the 
control group which was significant (p = 0.005). The sacral 
slope was significantly diminished in the LDH group (38.8° 
vs. 45.3°) compared to the control group (p = 0.0004). There 

Fig. 1   Pelvic radius angle

Table 1   Demographic data of the normal and LDH groups

Normal LDH p value
Mean Mean

Age (year) 38.8 (21–49) 40.1 (20–50) 0.68
Gender (M/F) 22/21 (51%) 29/23 (55%) 0.74
Weight (kg) 68.9 (49.0–84.0) 72.1 (58.0–91.0) 0.75
Height (cm) 165 (152–184) 170 (158–190) 0.37
Body Mass Index 

(BMI)
22.7 (17.6–29.5) 23.5(21.5–31.5) 0.21

Total 43 52 95
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was an increase in pelvic tilt value in the LDH group but it 
was weakly significant (p = 0.056).

Other parameters including PR-S1 angel and PR/S1 were 
analysed with Mann–Whitney test which showed no statisti-
cally significant difference between the two groups.

Discussion

Considering the spine as the pylon of a crane, the contact 
force on the lumbar intervertebral disc is the sum of gravity 
force (body weight) and the force of posterior paraspinal 
musculature. The more the lumbar lordosis, the more is the 
impact of contact force acting on the posterior elements. 
In low PI/low lordotic spine, the contact force shifts ante-
riorly towards the intervertebral discs (Fig. 3). In addition, 
because vertebral end-plates is close to the horizontal plane, 
the perpendicular component of the contact force increases 
(as opposed to sliding horizontal component) and the result-
ant intradiscal pressure increases significantly.

Several studies have demonstrated loss of lumbar lordosis 
in patients with lumbar disc herniation. We decided not to 
include the lumbar lordosis values in the analysis because it 
is not clear whether this is a primary risk factor or, merely, 
a secondary response to disc herniation and muscle spasm. 
However, in the study carried out by Endo et al. lumbar 
lordosis improved to that of normal population after discec-
tomy and pain relief [14].

We found that sacral slope and pelvic incidence were 
significantly lower in the LDH group. In these patients, ori-
entation of the discs is almost horizontal which results in 
significant increase in intradiscal pressure. This may be an 
important risk factor for early disc degeneration and subse-
quent disc herniation.

This finding is in concordant with Barrey’s findings 
[10] who reported low pelvic incidence in young patients 
with lumbar disc disease. It seems that the risk of lumbar 
discopathy increases in patients with low PI and flat back. 
According to Roussouly and Pinheiro-Franco, “this back 
is not the one adapted for weight bearing, or sports or 
activities with high intradiscal pressure” [15].

Yang et al. [12] also discovered that the PI of the 80 
patients with lumbar degeneration/herniation was lower 
compared to normal asymptomatic volunteers (40.0° vs. 
48.7°). On the other hand, Fei et al. [13] reported there is 
no difference in PI between young adult (18–35 years old) 
patients with lumbar disc herniation and the normal popu-
lation. However, considering long period of time which is 
probably needed for excessive pressure to influence on disc 
pathology, there may not be enough time to cause degenera-
tion and LDH in these very young patient groups.

There are very few studies that have used pelvic radius 
techniques for better understanding of lumbar disc pathol-
ogy. Therefore, for a more detailed investigation, we 
included these measurements in the analysis of spinopelvic 
alignment. The smaller PR-S1 angle appears to have a role 
in lumbar degenerative spondylolisthesis [16]; however, we 
could not find any correlation between these parameters and 
lumbar disc herniation.

Conclusion

We have found a significant association between lumbar disc 
herniation and pelvic parameters in this investigation and we 
hope it draws more attention to these kinds of studies in an 
effort to shed more light to the pathomechanics of degenera-
tive disc disease and identification of individuals who have 
“high-risk anatomy” for lumbar disc herniation.

Table 2   Mean and standard deviation of sagittal spinopelvic param-
eters in the normal and LDH groups

Spinopelvic parameter Normal LDH p value
Mean ± SD Mean ± SD

Pelvic Incidence 51.81 ± 8.30 47.44 ± 6.06 0.005
Sacral Slope 45.33 ± 9.25 38.86 ± 6.41 0.0004
Pelvic Tilt 6.33 ± 4.06 8.58 ± 5.84 0.056
PR-S1 angle 32.04 ± 12.09 35.67 ± 12.25 0.145
PR/S1 3.80 ± 0.19 3.88 ± 0.20 0.089
Total 43 52 95
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Fig. 2   Pelvic incidence and 
sacral slope in the examined 
groups. The means, 90th 
percentiles, and significant dif-
ferences are indicated
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