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Background: The sagittal plane of spine-pelvis morphology of adult patients with lumbar disc herniation
(LDH) differs from that of normal people. There is a correlation between abnormal sagittal plane
morphology and adult LDH. This study aimed to investigate the relationship between LDH in young people
and the Roussouly classification in the sagittal alignment of the spine and pelvis.

Methods: A total of 126 patients with LDH hospitalized in our tertiary hospital between January 2020
and January 2021 who met the inclusion and exclusion criteria were retrospectively analyzed in a cross-
sectional study. Participants were grouped according to the spinal level of disc herniation (L4/5 group, L5/
S1 group, L3/4 group). Pelvic incidence (PI), pelvic tilt (PT), and sacral slope (SS) of all cases were measured
using standing lateral spinal radiographs. Facet joint angles (FJA) were measured using lumbar computed
tomography (CT) horizontal radiographs, and the height of the anterior, middle, and posterior margins of
the herniated disc was measured using sagittal radiographs. The classification of Pfirrmann disc degeneration
was determined via magnetic resonance imaging (MRI) film of the lumbar region. Roussouly classification
was performed according to sagittal plane morphology, and data were analyzed among each group.
Results: In all, 126 patients aged from 18 to 40 years, with an average age of 31.04+5.886 years were
included. There were 63 cases of 1.4/5 disc herniation, 59 cases of 1.5/S1 herniation, and 4 cases of 1.3/4
herniation. There were 35 cases of epiphyseal separation. The Roussouly classification included 21 cases
of type 1, 56 cases of type 2, 32 cases of type 3, 4 cases of type 4, and 13 cases of type 3 + anteverted pelvis
(type 3-AP). The L4/5 disc herniation group had significantly more types 2 and 3 than the other groups, and
the L5/S1 disc herniation group had significantly more types 1 and 2 than the other groups. There were no
significant differences in the Pfirrmann grade of intervertebral disc degeneration; epiphyseal separation; the
height of anterior, middle, and posterior margins of the herniated disc; the difference between left and right
facet angle and bilateral facet angle; and the thoracic kyphosis (TK) value among any of the groups (P>0.05).
There were significant differences in PI, PT, SS, lumbar lordosis (LL), and height of the anterior and
posterior margins of the intervertebral space among all groups (P<0.05). PI values were grouped at 50°; PT,
SS, and LL were significantly different (P<0.05), whereas TK values were not significantly different between
the 2 groups (P>0.05). SS values were grouped at 35°, and there were significant differences in PI, TK, and
LL between the 2 groups (P<0.05). According to the disc herniation segment, the patients were divided
into L4/5 and L5/S1 groups. There were significant differences in PI, PT, anterior edge height, anterior to
posterior edge height, left facet angle, right facet angle, and bilateral facet angle (P<0.05).

Conclusions: LDH is common in L4/5 and L5/S1 segments. The incidence of Roussouly type 1 and
2 LDH is significantly higher than other types, and type 4 is the lowest. Small PI and small SS are more
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obvious in the L5/S1 segment. L5/S1 disc herniation is more common in patients with Roussouly type 1

and 2 classifications, whereas L4/5 disc herniation is more frequent in patients with Roussouly type 2 and 3

classifications.

Keywords: Lumbar disc herniation (LDH); spine-pelvic sagittal alignment; Roussouly classification

Submitted May 18, 2022. Accepted for publication Jan 20, 2023. Published online Feb 20, 2023.

doi: 10.21037/qims-22-503

View this article at: https://dx.doi.org/10.21037/qims-22-503

Introduction

Lumbar disc herniation (LDH) refers to degenerative
changes of the lumbar intervertebral disc, rupture of
annulus fibrosus, protrusion or prolapse of nucleus pulposus
tissue, and the main clinical symptoms of lumbar and leg
pain caused by stimulation or compression of corresponding
nerves. The patients most affected with LDH are middle-
aged and young people. Studies have found an association
between abnormal sagittal morphology and LDH in
adults (1). Roussouly types with different sagittal forms
have different spine-pelvis morphology and distinct pelvic
incidence (PI) values, with Roussouly types 1 and 2 having
significantly lower PI values than Roussouly types 3 and
4 (2). It has been reported that people with smaller PI are
more likely to develop lumbar intervertebral disc process
disease (3-6). On the other hand, Torrie et 4/. (7) found
no differences in LDH degeneration frequency between
patients with different Roussouly subtypes.

The purpose of this study was to investigate the
relationship between LDH in young people and spine-
pelvis sagittal morphology and Roussouly classification.
To minimize the effects of adjacent intervertebral disc
degeneration and facet and joint degeneration, the imaging
data of patients with LDH under 40 years old admitted to
our department between January 2020 and January 2021
were collected. We present this article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-503/rc).

Methods
General information

A cross-sectional retrospective study was conducted on
patients with LDH under 40 years old who were admitted
to Sichuan Provincial Orthopedic Hospital from January
2020 to January 2021 with complete imaging data. The
inclusion criteria were as follows: (I) aged 18 years and
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older and younger than or equal to 40 years; (II) meeting
the diagnostic criteria of symptomatic LDH; (III) the
adjacent segments of the target segment disc Pfirrmann
grade (8) was less than or equal to grade III; (IV) no other
serious complications; and (V) the patient provided written
informed consent and was willing to accept the relevant
treatment plan. The exclusion criteria were as follows: (I)
previous lumbar surgery; (II) congenital lumbar disease,
lumbar spondylolisthesis, trauma, tumor, or bilateral
femoral head disease; (III) multisegmental spinal canal
stenosis; (IV) lower limb joint disease; and (V) mental
disturbance preventing cooperation in the study.

All patients with LDH were confirmed by medical
history, physical examination, and imaging examination
[magnetic resonance imaging (MRI), computed tomography
(CT)], and a total of 245 patients were initially included.
Based on the inclusion and exclusion criteria, 126 cases
were included in the final sample, comprising 88 male and
38 female patients. Participant ages ranged from 18 to
40 years, with an average of 31.04+5.886 years (Figure ).

Iimaging measurement

All patients had full-length anteroposterior and lateral spine
radiographs with clear anatomical marks, plain lumbar
CT + 3-dimensional (3D) reconstruction, and lumbar
MRI data. The X-ray shooting standard was described
by Horton et al. (9), as follows. Under the guidance of
professional technicians, the patient stood naturally, looked
straight ahead, stood with both feet shoulder-width apart,
straightened the knee joint with the patella facing forwards,
naturally flexed both elbow joints, bent both wrists, and
clenched hands were placed naturally in the supraclavicular
fossa. Lumbar CT and MRI were performed in a supine
position with a lower limb extension machine. Magnetic
resonance (MR) scanning was performed with a Siemens
1.5T MR machine (Siemens, Erlangen, Germany). The
spinal coil was selected, and the L3 level was located in the
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Lumbar intervertebral disc herniation (n=245)

Y

A total of 126 cases were enrolled

Y

Imaging measurement

Y

Conduct data collection and analysis

Figure 1 Flowchart.

Figure 2 X-ray pelvic parameters measurement method. SS, sacral

slope; PI, pelvic incidence; PT, pelvic tilt.

center of the coil. The scanning sequences included: sagittal
spin echo T1-weighted imaging (SE T1WI), rotation time
(TR) 3,612 ms, echo time (TE) 124 ms, SE T2-weighted
imaging (T2WI), TR 476 ms, and TE 9 ms; short-T1
inversion recovery (STIR) TR 4,228 ms, TE 48 ms;
the field of view (FOV) 300 mm x 250 mm, with a layer
thickness of 3.5 mm and a layer spacing of 0.35 mm; axial
SE T2WI, TR 4,000 ms, and TE 122 ms. CT scans were
performed with GE 64-row, 128-slice BrightSpeed VCT
(GE Healthcare, Chicago, IL, USA), ranging from the 12th
thoracic 12 to the 1st sacral vertebra, at 120 kV, 150 mAs,
collimation 0.625 mm, TR 0.6 s, movement 40 mm/cycle,
and pitch 0.984:1. All original data were reconstructed at
an AW 4.4 workstation with a layer thickness of 5 mm,
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Y

Rule out cases (n=119)
¢ Imaging data were incomplete (n=28)
® Age does not meet the standard (n=45)
¢ Pfirrmann grade 4 or above (n=32)
® Multi-segment inter-disc protrusion (n=14)

and sagittal and cross-sectional intervertebral disc images
were reconstructed at intervals. The imaging parameters
were measured using the software of the picture archiving
and communication system (PACS) of Sichuan Orthopedic
Hospital.

X-ray of the spine

Pelvic parameters were measured according to the method
described by Legaye er al. (10) (Figure 2). The PI referred
to the angle between the straight line connecting the
midpoint of the S1 upper endplate and the midpoint of the
line connecting the center of the bilateral femoral head and
the vertical line of the S1 upper endplate. Sacral slope (SS)
referred to the angle between the upper endplate of SI and
the horizontal line; pelvic tilt (PT) referred to the angle
between the line between the midpoint of the endplate of
the sacrum and the midpoint of the femoral head on both
sides and the gravity line. The angle was positive when the
midpoint of the upper endplate was located behind the axis
of the femoral head, and negative when the midpoint of the
upper endplate was located in the front of S1. The spinal
parameters (Figure 3) were as follows: thoracic kyphosis
(TK): the angle between the tangent line of the upper
endplate of T4 and the tangent line of the lower endplate
of T12; lumbar lordosis (LL): the included angle between
the tangent line of the upper endplate of L1 and S1; TK:
the kyphosis is positive and the lordosis is negative. LL
is positive in lordosis and negative in kyphosis (11,12).
Roussouly classification was performed according to sagittal
plane morphology. The Roussouly classification criteria
(2,13) (Figure 4) were as follows: type 1: SS <35°, PI <50°,
short segment LL <3 vertebral bodies, LL vertex lower
than L4 level, and kyphosis in thoracolumbar region; type
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Figure 3 Measurement method of spine parameters on X-ray. LL,
lumber lordosis; TK, thoracic kyphosis.
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2: SS <35°, PI <50°, long segment LL, high vertex at the
L4 level, kyphotic angle is smaller, the overall back is flat;
type 3: 35°< SS <45°, PI >50°, the vertex of LL is located
in the center of the 4th lumbar vertebrae or 3—4th lumbar
intervertebral disc, the balance and coordination of the
spine is good; type 4: SS >45°, PI >50°, LL angle and
length increased, the vertex is located at the L3 or higher
vertebral body, thoracic kyphotic angle is the largest; type 3
+ anteverted pelvis (type 3-AP): 35°< SS <45°, PI <50°, PT

<5°, and other characteristics are basically similar to type 3.

Lumbar CT and MRI

Facet joint angles (FJA) of the protruding segment were
measured on the horizontal CT radiographs of the lumbar
spine. According to the method developed by Noren
et al. (14) (Figure 5): parallel to the vertebral endplate in
cross-section, the intervertebral disc is located around,
before, and after the cut edge line of the rectangle; the
diagonal intersection point is the center of the vertebral body
(O point); connected to the center of the vertebral body and
the spine base center (P point) is the center line; the edge of
the articular process is inside; the articular process is under
the edge on the intersection (Q point); the articular process
is under the lower edge (S point); the articular process is on
the outer edge of the connection to the intersection point (T’
point) for the joint line, and the angle between the bilateral
joint line and the midline is the FJA. The joint lines intersect

Figure 4 Roussouly classification images for example. (A) Type 1; (B) type 2; (C) type 3-AP; (D) type 3; (E) type 4. Type 3-AP, type 3 +

anteverted pelvis.
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Figure 5 Measurement method of FJA on computed tomography
horizontal radiography. O point: parallel to the vertebral endplate
in cross-section, the intervertebral disc is located around,
before, and after the cut edge line of the rectangle; the diagonal
intersection point is the center of the vertebral body; P point: the
spine base center; the edge of the articular process is inside; Q
point: the articular process is under the edge on the intersection;
S point: the articular process is under the lower edge; T point:
the articular process is on the outer edge of the connection to the

intersection point; FJA, facet joint angles.

7.18 mm

_ 1155 mm

Figure 6 Measurement method of lumbar intervertebral space

height on CT sagittal view. CT, computed tomography.
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on both sides. The height of the anterior, middle, and
posterior margins of the herniated intervertebral disc was
measured on the sagittal CT of the lumbar spine, and the
median sagittal plane image of the lumbar spine was selected
to measure the anterior, middle, and posterior distances of
each intervertebral space on the leading edge, middle, and
posterior margins of the vertebral body (15) (Figure 6) and
to determine whether the epiphyseal ring was severed (16).
The Pfirrmann disc degeneration grade (8) (Figure 7) and
the segment and side of disc herniation were determined
using a lumbar MRI film. The Pfirrmann disc degeneration
grade was based on T2-weighted midsagittal fast spin echo
images of lumbar MRL

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The image
materials have been reviewed and approved by the Ethics
Approval Committee of Sichuan Province Orthopedic
Hospital (No. KY2020-043-01), and written informed
consent was obtained. The above-mentioned imaging data
were measured twice by an attending spine specialist, who
was not aware of the content of the study but was aware
of the measurement methods, and the final value was
expressed as the mean of the 2 measurements (Figure I).
Figures 8,9 show the nonsurgical and surgical cases,
respectively.

Statistical methods

All statistical results were analyzed using SPSS 26.0
statistical software (IBM Corp., Armonk, NY, USA).
Categorical data were analyzed using the y’ test, the
comparison between multiple groups was adjusted for
using the Bonferroni correction, and continuous data were
analyzed using independent sample #-tests and univariate
analysis of variance (ANOVA). A P value <0.05 was
considered statistically significant.

Results

Of a total of 245 patients with LDH, a total of 126 patients
were finally enrolled in this study (Figure 9), including
88 males and 38 females, aged 18-40 years, with an average
age of 31.04£5.886 years. There were 63 cases of L4/5
herniation, 59 cases of L.5/S1 herniation, and 4 cases of
L3/4 herniation. There were 35 cases of epiphyseal ring
detachment (Table 1).
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Figure 8 Case 1: non-surgically treatment. (A) Lumbar MRI. (B) Lumbar CT plain scan. Left EJA is 23.97°; right FJA is 41.92°. (C) The sagittal CT
of the lumbar spine. Height of anterior margins is 9.63 mm; height of posterior margins is 5.88 mm; height of middle margins is 9.24 mm. (D) Full
length lateral X-ray of the spine. Roussouly classification type 2. CT, computed tomography; FJA, facet joint angle; MRI, magnetic resonance imaging.

Table 1 Comparison of general data

Segment, n Direction of the Pfirrmann Epiphyseal

) ) e : Age (years), n
Gender herniated disc, n classification, n separation, n ge ly )

L3/4 L4/5 L5/S1 Left Right Central Level 3 Level4 Level5 With Without 18-25 26-30 31-35 36-40

Male 3 47 38 45 37 6 21 47 20 29 59 19 21 28 20
Female 1 16 21 19 12 7 4 19 15 6 32 6 6 13 13
 value 1.556 4.217 5.118 3.898 2.641
P value 0.459 0.121 0.077 0.048 0.450

For y* test, P<0.05. Data have been adjusted using the Bonferroni method.
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5.48 mm

~ 1095 mm

Figure 9 Case 2: surgical treatment. (A) Lumbar MRI. (B) Lumbar CT plain scan. Left FJA is 39.97°; right FJA is 37.63°. (C) The sagittal
CT of the lumbar spine. Height of anterior margins is 10.95 mm; height of posterior margins is 5.48 mm; height of middle margins is 7.94

mm. (D) Full length lateral X-ray of the spine. Roussouly classification type 1. CT, computed tomography; FJA, facet joint angle; MRI,

magnetic resonance imaging.

Table 2 Comparison of general data

Roussouly Gender, n Segment, n Direction of herniated disc, n Pfirrmann classification, n SSE::_Z{;?L
classification [n]

Male Female L3/4 L4/5  L5/S1 Left Right  Central Level3 Level4 Level5  With Without
Type 1 [21] 14 7 1 2 18 12 8 1 2 15 4 5 16
Type 2 [56] 43 13 3 28 25 26 21 9 15 27 14 14 42
Type 3 [32] 21 11 0 27 5 17 13 2 5 16 11 10 22
Type 4 [4] 2 2 0 1 3 3 1 0 1 3 0 2 2
Type 3-AP [13] 8 5 0 5 8 6 6 1 2 5 6 4 9
¥’ value 2.826 32.623 4.796 9.429 1.615
P value 0.587 <0.001 0.779 0.307 0.806

For y’ test, P<0.05. Data have been adjusted using the Bonferroni method.

Comparison between Roussouly classification groups

A total of 126 patients, 88 males and 38 females, underwent
Roussouly classification. There were no significant
differences in gender, side of disc herniation, Pfirrmann
grading of disc degeneration, and whether or not the
epiphyseal ring was severed among any of the groups
(P>0.05), and L4/5 and L5/S1 were significantly higher
than L3/4. After Bonferroni correction, L4/5 segment
groups type 2 and 3 were significantly higher than the
other groups, L5/S1 segment groups type 1 and 2 were
significantly higher than the other groups, and there
were significant differences (P<0.05) (Table 2). Also, there
were significant differences in PI, PT, SS, and LL values

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

among all groups (P<0.05), but no significant differences in
TK values (P>0.05). There were no significant differences
in the height of the anterior, posterior, and intermediate
intervertebral spaces among any of the groups (P>0.05), and
there were significant differences in the height of the anterior
and posterior intervertebral spaces between all groups
(P<0.05). There were no significant differences in the angle
of the left and right facet joints and the angle of the bilateral
facet joints between any of the groups (P>0.05) (7able 3).

Comparison between PI, SS, and intervertebral disc
berniation groups

PI values were grouped at 50°, and the smaller the PI

Quant Imaging Med Surg 2023;13(7):4687-4698 | https://dx.doi.org/10.21037/qims-22-503
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Data are presented as mean + standard deviation. Univariate ANOVA analysis, P<0.05. ANOVA, analysis of variance; SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt;

TK, thoracic kyphosis; LL, lumbar lordosis; FJA, facet joint angle.
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value, the smaller the PT, SS, and LL values. There was
a significant difference (P<0.05), whereas there was no
significant difference in the TK value (P>0.05) (Table 4).
The SS value was compared with the 35° group. The larger
the SS value, the larger the PI, TK, and LL values, with
significant differences (P<0.05), whereas the PT value
showed no significant differences (P>0.05) (7able 5). The
protruding segments were divided into the L4/5 and L5/
S1 groups. Compared with the L5/S1 group, the PI and
PT in the L4/5 group were larger, and the anterior height
of the intervertebral space, the difference between the
anterior and posterior edge of the intervertebral space, the
difference between the left FJA, right FJA, and bilateral
FJA were smaller, with significant differences (P<0.05).
However, there were no significant differences in SS, TK,
LL, posterior edge height of intervertebral space, and
middle height of intervertebral space (P>0.05) (able 6).

Discussion

In recent years, more and more in-depth studies have been
conducted on the sagittal spine-pelvis sequence. According
to the sagittal spine-pelvis sequence based on the Roussouly
classification, it can be divided into 4 types according to
the shape of the distal LL and the tilt of the sacrum (13). In
2018, Laouissat et /. (2) added the type 3-AP. At present,
the Roussouly classification of the sagittal spinal-pelvic
sequence can be divided into 5 types. Among the 5 types,
type 1, 2, and 3-AP were small PI (<50°), 3 and 4 were large
PI (>50°), type 1 and 2 were low SS (<35°), type 3 and 3-AP
were average SS (35°< SS <45°), and type 4 was high SS
(>45°). Studies (4-6) have shown that the PI of patients with
LDH is smaller than that of the normal population.

Comparison between Roussouly classification groups for
spine-pelvis alignment parameters

According to the Roussouly classification of patients
with LDH, statistical analysis showed that there were no
significant differences in terms of the side of disc herniation,
the Pfirrmann grade of disc degeneration, and the presence
of epiphyseal ring separation (P>0.05), but there were
significant differences in the segment of disc herniation
(P<0.05). The L4/5 and L5/S1 levels were significantly
higher than L3/4 levels, which was consistent with the
high incidence of disc herniation and L4-S1 levels. After
Bonferroni correction, type 2 and 3 in the L4/5 segment
group were significantly higher than those in the other

Quant Imaging Med Surg 2023;13(7):4687-4698 | https://dx.doi.org/10.21037/qims-22-503
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Table 4 Group comparison of pelvic incidence values at 50°

4695

PI, n (%) PI PT ss TK LL
<50°, 90 (71.43) 41.83+6.551 16.47+7.667 25.39+9.014 21.05+10.245 31.12+18.624
>50°, 36 (28.57) 57.40+4.913 23.03+7.728 34.36+8.805 23.51+9.490 42.26+15.533
t value -14.536 -4.329 -5.078 -1.241 -3.171

P value <0.001 <0.001 <0.001 0.217 0.002

Data are presented as mean + standard deviation. Independent sample t-test, P<0.05. SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt;

TK, thoracic kyphosis; LL, lumbar lordosis.

Table 5 Comparison of sacral slope values in 35° groups

SS, n (%) PI PT ss TK LL
<35°, 77 (61.11) 41.16+6.740 17.88+7.298 23.31+7.993 20.19+10.162 27.92+18.142
>35°, 49 (38.89) 54.33+6.854 19.08+9.51 35.24+7.769 24.21+9.483 44.34+14.004
t value -10.621 -0.798 -8.255 -2.223 -5.393

P value <0.001 0.426 <0.001 0.028 <0.001

Data are presented as mean + standard deviation. Independent sample t-test, P<0.05. SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt;

TK, thoracic kyphosis; LL, lumbar lordosis.

groups, and type 1 and 2 in the L5/S1 segment group were
significantly higher than those in other groups. Parameters
PI, PT, SS, and LL were significantly different among each
group. Since the Roussouly classification is based on SS
size and the location of the LL vertex, PI and SS values are
different among different types, and PI = PT + SS, LL, and
PI are closely related (17). Therefore, there were differences
among the PI, SS, PT, and LL groups. This is consistent
with other reports (18,19).

There were no significant differences between the
leading edge of the intervertebral space, the posterior
edge of the intervertebral space, and the height of the
intervertebral space among any of the groups (P>0.05),
whereas there were significant differences between the
anterior and posterior edge of the intervertebral space
(P<0.05). According to the Roussouly classification, there
were significant differences between the curvature of the
lower lumbar vertebrae and the height difference between
the anterior and posterior edge of intervertebral space. The
greater the SS, the greater the lordosis of the lower lumbar
vertebrae and the greater the height difference between the
anterior and posterior margins of the intervertebral space.
Type 4 SS was the largest, and the height difference between
the anterior and posterior margin of the intervertebral space
was also the largest. There was no significant difference in
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the difference between the left and right facet angles and
the bilateral facet angles among any of the groups (P>0.05),
indicating that the difference between the facet angles and
the bilateral facet angles had no significant correlation with
LDH, which is consistent with other reports (20,21).

Comparison of PI and SS parameters using the Roussouly
classification

The PI value is the morphological parameter of the
pelvic sagittal alignment, and the PI is basically constant
after ontogeny maturation. The Roussouly classification
perfected by Laouissat and Roussouly in 2018 was
combined with the PI parameter, and the PI was divided
into groups with a PI greater than or less than 50° as the
boundary. There were significant differences in P, SS, and
LL (P<0.05). The smaller the PI, the smaller the SS and
LL, and the patients with disc herniation accounted for a
large proportion (71.43%), which is consistent with other
reports (4-6).

There were 4 patients with an SS value greater than
45°, accounting for 3.17%, and 122 patients with SS value
less than 45°, accounting for 96.83%. The incidence
of LDH with large SS values was low, specifically, the
incidence of LDH according to Roussouly classification
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Table 6 Group comparison of disc herniation segments
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Height
difference

Bilateral
angle
difference

Right FJA

Left FUA

between
anterior and

posterior

height of
middle
margins

Height of
posterior

margins

Height of
anterior
margins

LL

TK

SS

PT

Segment,
n (%)

margins

L4/5,63 48.98+9.924 20.82+8.376 28.18+10.189 22.46+9.471 35.59+18.120 9.00+2.386 6.29+1.7558.26+1.779 2.71+2.386 42.82+11.089 43.26+9.226 6.59+5.662

(50.0)

21.18+10.367 33.23+19.193 10.13+2.644 6.20+1.5118.16+1.739 3.92+2.512 47.34+9.605 47.91+13.613 9.88+8.140

43.86+7.917 16.01+7.470 27.88+9.641

L5/S1,

59 (46.83)

-2.739 -2.402 -2.223 -2.582

0.309

0.282

0.168 0.715 0.697 -2.483

3.344

3.132

t value

0.007 0.018 0.028 0.011

0.758

0.002 0.001 0.867 0.476 0.487 0.014 0.779

P value

Data are presented as mean + standard deviation. Independent sample t-test, P<0.05. SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt; TK, thoracic kyphosis; LL,

lumbar lordosis; FJA, facet joint angle.
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4 was low. The following reasons for the large SS values
were considered: large lordosis of the lower lumbar spine,
large stress of the posterior facet joint, small vertical stress
of the intervertebral disc, and low incidence of LDH.
When the SS value was greater than or less than 35°, there
were 77 cases (61.11%) in the small SS group and 49 cases
(38.89%) in the large SS group. Roussouly type 1 and 2
LDH incidence was higher than other types (P<0.05),
which is consistent with other reports (13). In the small
SS group, the PI, TK, and LL values were also smaller
(P<0.05), and there was a close relationship between SS
and PI and LL (17). In the small SS group, there was also
a small TK, which was in line with the characteristics of
small spinal lordosis and kyphosis angles in Roussouly types
1 and 2. The incidence of LDH with small SS values was
significantly higher than that with large SS values.

The PI and PT values of the L4/5 segment group
were higher than those of the L5/S1 segment group,
whereas the anterior height of the intervertebral space, the
difference between the anterior and posterior edges of the
intervertebral space, the difference between the left FJA, the
right FJA, and the bilateral FJA were all smaller (P<0.05). In
the L5/S1 segment, the PI was less than 50° in 51 cases, and
greater than 50° in 5 cases. As shown in 7able 3, type 1 and
type 2 of L5/S1 segment herniation group are significantly
higher than those of other groups. The lumbosacral area
is the junction area between the spine and pelvis. Patients
with L5/S1 disc herniation have a smaller PI to form a
more moderate curvature of the lower lumbar spine, and
the L5/S1 disc is subjected to a greater vertical pressure.
The nucleus pulposus then protrudes toward the rupture.
The smaller SS also provides space for the L5/S1 disc to
protrude. The height of anterior intervertebral space in L5/
S1 segment, the height difference of anterior-to-posterior
intervertebral space, the angle difference of facet joint and
facet joint in L5/S1 segment were significantly higher than
those in L4/5 segment. Combined with the local anatomical
analysis, we believed that L5/S1 was the lumbar sacral
vertebrae transition site, and the intervertebral space was
wider in front and narrower in back. Therefore, the height
difference of anterior intervertebral space and anterior-
posterior intervertebral space in L5/S1 segment was higher
than that in L4/5 segment. Moreover, the Angle of the
articular facet of L5/S1 also shifted to the sacral vertebra
and the direction of the articular plane shifted from the
sagittal plane to the coronal plane, so the angle of the
articular facet joint increased. In addition, it was reported
in the literature (22,23) that SS is closely related to LL,
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the reduction of LL is related to discrete disc dehydration,
and LL and PI show a linear relationship. Therefore, the
incidence of LDH in patients with a small PI value is more
obvious in the L5/S1 segment (24). In the L4/5 segment
protrusion group, type 2 and type 3 were significantly
higher than those in other groups. Since type 1 lordosis
was mainly concentrated in L4-S1, the vertical stress of
the lower lumbar spine was distributed more in the facet
joints and less in the intervertebral disc, whereas type 2
and type 3 lordosis was gentle, and the vertical stress of
the lower lumbar spine was distributed almost evenly in
the intervertebral disc and facet joints. Rupture of annulus
fibrosus and nucleus pulposus protrusion occurred due to
prolonged compression of intervertebral disc.

This study has several limitations. The number of cases
in this study was limited, and a comparison between patients
with LDH and healthy volunteers was not conducted.
The retrospective design of the study is another limitation.
Roussouly typing was used to classify the spine and pelvis
sagittal plane of normal people. However, the cases in this
study were patients with LDH. Roussouly typing was used
to analyze the imaging features of patients with LDH. In
addition, the lower limbs were not used to evaluate the sagittal
balance of the whole body. Finally, the Pfirrmann classification
of disc degeneration has certain limitations, which may lead to
incorrect classification and affect the final results.

Conclusions

LDH was more common in L4/5 and L5/S1 segments,
with PI <50° and SS <35°. The incidence of LDH was
significantly higher in Roussouly classification type 1 and
2, and lowest in Roussouly classification type 4. Small PI
and small SS was more obvious in the L5/S1 segment.
L5/S1 disc herniation was more common in patients
with Roussouly 1 and 2 classifications, whereas L.4/5 disc
herniation was more common in patients with Roussouly
2 and 3 classifications. In clinical practice, it is necessary to
reduce the incidence of LDH by keeping a good posture,
maintaining a good SS angle, and reducing the vertical
stress of the lower lumbar intervertebral disc. These issues
need further study.
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