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Objective: Few studies have concentrated on the sagittal alignment of lumbar disc herniation (LDH), especially the
parameters of the pelvis, and controversy exists about whether pelvic morphology is involved in the pathogenesis of
LDH. The present study analyzed the characteristics of the sagittal alignment in young Chinese LDH patients and
explored the impact of pelvic morphology on the pathogenesis of LDH.

Methods: A retrospective analysis was conducted on 100 young patients with LDH (69 men and 31 women, aged
18–35 years), and the clinical and imaging findings met the criteria for the diagnosis of LDH. The control group
included 100 asymptomatic volunteers with matching age and gender. Coronal and sagittal parameters were meas-
ured on the anteroposterior and lateral radiographs of the whole spine, including lumbar lordosis (LL), pelvic incidence
(PI), sacral slope (SS), pelvic tilt (PT), thoracic kyphosis (TK), and sagittal balance (SVA). The cases were classified
into four types by the apex position of lumbar lordosis (type I, L5 or the L4–5 intervertebral space; type II, bottom or
middle of L4; type III, upper part of L4 or the intervertebral space between L3 and L4; type IV, L3 or more high level),
and divided into three groups by PI; namely, a low PI group (PI < 40�), a medium PI group (40� ≤ PI < 50�), and a high
PI group (PI ≥ 50�). The sagittal parameters, especially PI, were compared between the LDH group and the control
group. Correlations between the parameters in the LDH group were analyzed.

Results: The PI value of the LDH group was not different from that of the control group (46.1� ± 10.0� vs 47.2� ±
8.8�, P > 0.05). The LDH group showed lower average LL, SS, and TK (P < 0.01), as well as higher PT and SVA
compared with the control group (P < 0.01). The LL (34.4� ± 15.3� vs 50.8� ± 10.2�) and SVA (21.6 ± 53.6 mm
vs − 18.4 ± 32.8 mm) showed a significant difference (P < 0.01); LL was correlated with PI, SS, PT, TK and SVA
(P < 0.01); and SVA was also correlated with the parameters above (P < 0.01) except PI (P > 0.05), and the lordo-
sis apex tended to be higher. The distributions of PI groups between the LDH group and the control group were not
different. Pairwise correlations were found among LL, PI, SS, and PT. In addition, TK and SVA were correlated with
LL, SS, and PT.

Conclusions: There is no difference in PI between young Chinese patients with lumbar disc herniation and the normal
population. Young LDH patients may present flat lumbar and thoracic curves, as well as lower sacral slope. The ante-
version sagittal imbalance is regulated by both the spine and the pelvis.

Key words: Lumbar disc herniation; Pelvic incidence; Sagittal alignment; Young patients

Address for correspondence Wei-shi Li, MD, Department of Orthopaedics, Peking University Third Hospital, 49#, North Huayuan Road, Haidian
District, Beijing, China 100191 Tel: 0086-10-82267368; Fax: 0086-10-82267368; Email: liweishitwz@163.com
Disclosure: This work was supported by grants from the 2013 AOSpine China Research Award (Project no.: AOSCN(R) 2014-22), the Beijing
Municipal Science and Technology Commission (Grant No. Z131100006813038), and the National Natural Science Foundation of China (Grant
No. 81450025). All authors listed meet the authorship criteria according to the latest guidelines of the International Committee of Medical Journal
Editors and are in agreement with the manuscript. This study has received no financial support, and there is no conflict of interest.
Received 23 April 2016; accepted 6 August 2016

Orthopaedic Surgery 2017;9:271–276 • DOI: 10.1111/os.12340

271
© 2017 CHINESE ORTHOPAEDIC ASSOCIATION AND JOHN WILEY & SONS AUSTRALIA, LTD



Introduction

Research has shown that spino-pelvic sagittal alignment
is closely related with lumbar spondylolisthesis1, adult

idiopathic scoliosis2,3, thoracic angular posterior convex4,
and many other spinal diseases. In addition, it has been
proved to be associated with the clinical symptoms and out-
comes of these diseases5,6. The spino-pelvic alignment in
these degenerative diseases is often different from the normal
population (e.g. a lower lumbar lordosis was reported in
degenerative lumbar spondylolisthesis patients)7,8, and to
restore the sagittal balance and obtain a better outcome,
appropriate correction of LL is emphasized9–12. The most
common method for LL reconstruction is the equation lum-
bar lordosis (LL) = pelvic incidence (PI) ± 9� proposed by
Schwab et al.5,13. Therefore, research into sagittal alignment
will be helpful in exploring the mechanism of LDH and sur-
gical treatments.

Lumbar disc herniation (LDH) is one of the main
degenerative diseases of the lumbar spine, which often occurs
in young adults. However, presently, few studies have con-
centrated on the sagittal alignment of LDH, especially the
parameters of the pelvis. PI was first proposed by Duval-
Beaupère et al. for describing the pelvic morphology14. The
surgical strategy for and clinical prognosis of spinal deform-
ity are also affected by pelvic morphology5,15–17. Recently, PI
has been found to be associated with low back pain18. Studies
have found that PI in lumbar degenerative diseases may be
lower19,20, and have inferred that a low PI may result in disc
degeneration. Nonetheless, whether PI participates in the
pathogenesis of LDH remains controversial. Some studies
point out the difference in PI between LDH patients and the
normal population19,20, while some other studies didn’t
found such difference21–23. These studies range widely in
regards to patients’ age, but, as we know, young LDH
patients tend to have less lumbar degeneration, while elder
patients often have spinal stenosis resulting from lumbar
degeneration, so it was difficult to exclude the factors age
and degeneration, and large-sample studies on the LDH
patients of young age focusing on the relationship between
PI and LDH are needed.

In contrast, lumbar lordosis is correlated with PI, and
it may influence the process of disc degeneration24,25. It has
been reported that the lordosis apex may be associated with
low back pain, but there has been little research on this and
it remains controversial. Gautier et al. determined that there
was no relationship between low back pain and the number
of vertebrae in the proximal or distal direction to the apex24.
However, Jackson and McManus et al. found that the
patients with low back pain tended to have more proximal
lordosis, which was a compensatory mechanism for sagittal
balance by stretching the hip joint and setting the sacrum
upright25. In our previous study on 139 asymptomatic young
adults (with a mean age of 23.2 years)26, we found that sagit-
tal alignment was related to the lumbar lordosis apex, and
classified spino-pelvic alignment into four types according to
the apex position of the total lumbar lordosis. In type I, the

apex was located in L5 or the L4–5 intervertebral space, with
a lower PI and a lower sacral slope (SS) than other types,
and lordosis was composed of the vertebrae above the apex.
In type II, the apex was located in the bottom or middle of
L4, and in type III the apex was located in the upper part of
L4 or the intervertebral space between L3 and L4; the PI and
SS had no difference between the two types and were higher
than type I, and there were more vertebrae below the apex.
In type IV, the apex was located at L3 or a higher level, with
significantly increased PI and SS, and more vertebrae below
the apex. Compared with other typing methods introduced
by Roussouly et al.27 and Lee et al.28, this classification fur-
ther described the characteristics of sagittal alignment when
the lordosis apex was in different positions of L4. In addition,
it can be used in exploring the relationship between the lor-
dosis apex and LDH.

In normal adults and patients with other spinal dis-
eases such as isthmic spondylolisthesis1 and adult idiopathic
scoliosis8, cross-correlations were found among the sagittal
parameters. Lumbar lordosis was closely related to PI, SS,
pelvic tilt (PT), and SVA, which indicates that the lumbar
spine was able to regulate the sagittal balance. In addition,
the pelvis can adjust posture by rotating and tilting back-
ward, with PT increasing and SS decreasing, so as to com-
pensate for the sagittal imbalance. Although young LDH
patients may have less degeneration and the sagittal balance
is less of an issue, this regulating system may still exist and
help explain the sagittal morphology of the spine in LDH
patients.

To further clarify the sagittal features of LDH patients
and reduce the interference caused by age-related spinal
degeneration, this study analyzed the spino-pelvic para-
meters in young LDH patients (18–35 years). The study
aimed to analyze the characteristics of the sagittal alignment
in young Chinese LDH patients and to explore the impact of
pelvic morphology on the pathogenesis of LDH.

Materials and Methods

Inclusion and Exclusion Criteria
This was a retrospective study approved by the Regional Eth-
ics Committee of our hospital. For the present study,
100 young LDH patients were enrolled randomly in our hos-
pital during the period from January 2012 to April 2015. A
preliminary sample selection was done by a senior investiga-
tor according to the patients’ age and diagnosis without
knowing other information. All the patients were
18–35 years old. The clinical and imaging findings met the
criteria for the diagnosis of LDH. Comorbidities included:
arachnoid cyst (1 case), posterior bony edges separation of
lumbar vertebrae without compression (2 cases), and verte-
bral hemangioma (1 case).

The exclusion criteria involved complicated adolescent
idiopathic scoliosis, spinal tumors, vertebral fractures, spon-
dylolisthesis and other symptomatic spinal diseases, or lower
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extremity disease and pelvic fractures, lumbar operation his-
tory, and obviously forced posture caused by pain.

At the same time, 100 asymptomatic volunteers (aged
18–35 years) were included as the control group, whose age
and gender matched the LDH group. The subjects in the
control group with low back pain, leg pain, lumbar spondy-
lolisthesis, scoliosis, and other spinal disorders were excluded
through history taking and imaging examination.

Among the subjects, there were 62 patients for whom
we already had the data for their preoperative functional
scoring. The visual analog scale (VAS) was adopted for low
back pain and lower limb pain; the Oswestry Disability Index
(ODI) was used to quantify the disability.

Imaging Measurement Method
Anteroposterior and lateral radiographs of the entire spine
and pelvis (standing position, full extension of hip and knee,
with elbow flexion and hand on the clavicle, including bilat-
eral femoral head) were taken for all the subjects. The images
were reviewed by an experienced senior investigator, and
unclear images were also excluded. As there may be differ-
ences in measurement between different observers, all the
measurement was done by a single researcher, who took the
average value of two measurements. The osteophyma was
not added into the calculation when assigning the point in
measurement. The picture archiving and communication
system (PACS System, GE, USA) was used to measure the
following parameters (Fig. 1):

Spinal parameters included: lumbar lordosis (LL), the
angle between the upper endplate of L1 and the upper end-
plate of S1; thoracic kyphosis (TK), the angle between the
upper endplate of the T4 and the lower endplate of the T12;
and sagittal balance (sagittal vertical axis, SVA), the perpen-
dicular distance between the C7 sagittal plumb line (C7PL)
and the posterior superior corner of the sacrum, which is
negative when C7PL lies posterior to the posterior superior
corner of the sacrum.

Pelvic parameters included: pelvic incidence (PI), the
angle between the line perpendicular to the sacral plate at its
midpoint and the line connecting this point to the femoral
head axis (midway between the centers of the femoral
heads); sacral slope (SS), the angle between the sacral end-
plate and the horizontal line; and pelvic tilt (PT), the angle
between the vertical line and the line joining the middle of
the sacral plate and the hip axis, which is positive when the
hip axis lies in front of the middle of the sacral plate.

Grouping
In this study, all the subjects were divided into four groups
according to the classification made by Peking University
Third Hospital9. They were also grouped by PI.
1. The cases were grouped according to PI in this study.

Because the normal PI value had been reported to be
approximately 45� in the previous studies26,29, three
groups were set up: namely a low PI group (PI < 40�), a
middle PI group (40� ≤ PI < 50�), and a high PI group
(PI ≥ 50�).

2. The spino-pelvic alignment was classified into four types
according to the apex position of the total lumbar lordo-
sis, which has been mentioned earlier.

Statistical Analysis
All the data were analyzed using SPSS 20.0 statistical soft-
ware (SPSS, Chicago, IL, USA). An independent-sample Stu-
dent’s t test was used to compare the parameters, especially
PI, between the LDH group and the control group, a Pearson
correlation analysis was used to analyze the correlation
between the parameters in the LDH group, and a χ2-test was
used to analyze the frequency components of each group.
The statistical level of significance was set at 0.05.

Results

General Data
The LDH group included 69 males and 31 females, with a
mean age of 27.2 ± 5.1 years, and the control group included
64 males and 36 females, with a mean age of 26.1 ±
3.8 years. The mean VAS score of the 62 cases with complete
data was 4.8 ± 2.2 for low back pain and 5.5 ± 2.1 for leg
pain, and the mean ODI was 19.5% ± 9.2%. Based on the
independent sample t-test and χ2-test, there was no signifi-
cant difference in age and gender distribution between the
LDH group and the control group (P > 0.05), which

SS
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SVA

LL 
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Fig. 1 Diagrammatic sketch of lumbar lordosis (LL), pelvic incidence

(PI), sacral slope (SS), pelvic tilt (PT), thoracic kyphosis (TK), and

sagittal balance (SVA).
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indicated that these two groups matched well in terms of age
and gender.

Radiographic Outcomes
The measurement and comparison results of the parameters
are listed in Table 1, and the correlation among the para-
meters in the young LDH group is shown in Table 2. The
independent sample t-test results showed that there was no
prominent difference in PI between the LDH group and the
control group (46.1� ± 10.0� vs 47.2� ± 8.8�, P > 0.05). The
LL (34.4� ± 15.3� vs 50.8� ± 10.2�, P < 0.01), SS (29.7� ± 9.1�

vs 37.5� ± 7.1�, P < 0.01), and TK (22.3� ± 12.6� vs 28.4� ±
8.2�) of the LDH group were lower, while its PT (16.4� ±
8.4� vs 9.6� ± 5.9�, P < 0.01) and SVA (21.6 ± 53.6 mm vs
−18.4 ± 32.8 mm, P < 0.01) were higher than those of the
control group. The LL and SVA, which have been proved to
be related to surgical effect previously5,6, showed a significant
difference (P < 0.01), LL was correlated with PI, SS, PT, TK,
and SVA (P < 0.01), and SVA was also correlated with the
parameters above (P < 0.01) except PI (P > 0.05).

For the four types of cases classified by Peking Univer-
sity Third Hospital (Table 3), the χ2-test showed that there
were fewer II cases and more IV cases in the LDH group
(P < 0.001). As for the cases grouped by PI (Table 4), the
χ2-test suggested that there was no difference among the
three groups in the distribution of PI (P > 0.05).

Discussion

Pelvic Incidence in Lumbar Disc Herniation Patients
Pelvic incidence was found to be associated with low back
pain18. Yang et al. discovered that the PI of the 80 patients
with lumbar degeneration (with a mean age of 36.5 ±
7.4 years) was lower19. They assumed that a low PI would
lead to more vertical pressure on the disc and cause degener-
ation. They also assumed that the low PI of the patients with
asymptomatic degeneration might reduce the average PI in
the control group, so they made a more rigorous comparison
excluding the cases with disc degeneration in the control
group (20%–28% of the total) according to their MR image,
but, finally, the mean PI of the two groups differed a lot
(40.0� vs 48.7�). Barrey et al. analyzed 25 young patients
(aged below 45 years) with degenerative disc disease, and
found a lower PI (48.3� vs 52�). They presumed that the
backward rotation of the pelvis might compensate for the
loss of lumbar lordosis and the sagittal imbalance, presenting

a higher PT and a lower SS. Furthermore, a low PI might
affect this compensate mechanism because PI = SS + PT,
which would result in disc degeneration. However, these
studies have investigated elder patients aged 30–60 years,
and the age-related spinal degeneration and the limitation of
the sample size may cause deviation.

This study compared 100 young LDH patients (aged
18–35 years) with asymptomatic volunteers. The results
show that there is no difference in PI between them. This
indicates that PI may be not be involved in the pathogenesis
of young LDH. However, the etiology of LDH may be com-
plicated, which could also be interfered by factors such as
inheritance, chronic injury, and weight. Therefore, it cannot
simply be explained by the difference in the anatomical
structure of the pelvis. As a result, we infer that it will be
hard to predict LDH according to one’s PI and pelvic
morphology.

Pelvic incidence has great individual differences; as a
consequence, this study shall not simply deny the difference
in distribution pattern even though no remarkable difference
has been found in the average value. The coexistence of low
PI and high PI may neutralize the average PI. On the basis
of previous researches, a PI too high or too low would be
prone to degenerate lumbar spine30. The possible mechanism
may be that a lower PI with a lower LL may lead to greater
pressure on the intervertebral disc in the vertical direction,
while a high PI with a higher LL may increase the stress on
the rear of the annulus fibrosus. For this reason, the constitu-
ent ratios of the three groups were compared in the present
study. In accordance with the comparison results, there is no
statistical difference among them. Using this method helps
prevent the influence of PI polarization on the experimental
results, and the findings further confirm that PI is not so
important in the pathogenesis of young LDH.

Our findings are consistent with some previous pub-
lished studies. Kenji Endo et al. found no difference in the
pelvic morphology of 61 LDH patients (with a mean age of
32.7 years)21. A similar result was obtained by Jiang et al.22.
However, their study was aimed at adolescent LDH patients
(with a mean age of 16.9 years), whose PI was still changing
before skeletal maturation. Given this, their conclusion may
not be applicable to adults. Rajnics et al. also found that
there was no difference in PI between the LDH group
(50 patients) and the control group, but the ages of the two
groups were different (47.7 years vs 34.3 years), and patients
of older age were affected by age-related degeneration23.

TABLE 1 Parameters in the lumbar disc herniation (LDH) group and the control group (mean ± standard deviation)

Groups LL (�) PI (�) PT (�) SS (�) TK (�) SVA (mm)

LDH (100 cases) 34.4 ± 15.3* 46.1 ± 10.0 16.4 ± 8.4* 29.7 ± 9.1* 22.3 ± 12.6* 21.6 ± 53.6*
Control (100 cases) 50.8 ± 10.2 47.2 ± 8.8 9.6 ± 5.9 37.5 ± 7.1 28.4 ± 8.2 −18.4 ± 32.8

LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TK, thoracic kyphosis; *P < 0.05.
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With a larger sample size, our research, which was aimed at
young LDH cases, reduced the impact of age and degenera-
tion on the sagittal alignment and parameter measurement.
On account of this, the research results can further support
the conclusions above.

Other Sagittal Spinal Parameters
Previous studies have demonstrated the correlation among
the spino-pelvic sagittal parameters (especially LL) in normal
adults and some spinal diseases, such as isthmic spondylo-
listhesis1, and adult idiopathic scoliosis31. The present study
has uncovered the pairwise correlation among LL, PI, SS,
and PT in young LDH patients, and indicated that the sagit-
tal alignment in young LDH patients is also regulated by pel-
vis and lumbar lordosis. The result that young LDH patients
show lower LL, SS, and TK as well as higher PT, and SVA is
consistent with previous views, suggesting that there is a loss
of lumbar lordosis and a consequential sagittal imbalance in
young LDH patients. The compensation mechanism includes
the decrease of TK. Moreover, the higher PT and lower SS
reflect the backward rotation of the pelvis to compensate for
the sagittal imbalance. As the LL and SVA have been proved
to be related to symptoms and surgical effect5,8,32–34, the LL
and SVA should be restored during the surgical treatment
for LDH. However, in this study, loss of lordosis in the
young LDH patients may have resulted from pain-related
forced posture, and lordosis may be restored automatically
after using muscle relaxants and muscle removal.

However, as the lordosis is correlated with PI and disc
degeneration, this study also explored the pathogenesis of
LDH by analyzing the apex of lumbar lordosis using the clas-
sification of our hospital. According to the results of this
study, the number of Type II cases decreases significantly in
young LDH patients, which makes it the rarest type, while
the number of Type IV cases increases, which indicates that

young LDH patients tend to present a higher lordosis apex,
and the stress change on the disc resulting from a higher
apex may be related to LDH. However, degeneration-related
intervertebral space collapse may cause a decrease of LL, sag-
ittal imbalance, and a straighter lordosis, leading to apex
position changes, so the cause and effect relationship
between LDH and apex changes is difficult to define. Moreo-
ver, although we excluded the patients who had difficultly
naturally standing straight because of low back pain, mildly
forced posture resulting from self-protect mechanism may
influence the result.

Limitations
If a relationship between PI and LDH really exists, we can
predict the LDH in a normal population beforehand and
take measures to prevent it. Unfortunately, studies support-
ing the relationship have many limitations, and there are
other studies that dispute the existence of a relationship,
including ours, which is also accompanied by limitations.
Mildly forced posture resulting from a self-protecting mech-
anism may influence the results. Having a larger sample may
help reduce the deviation, and using MRI to exclude the
cases with asymptomatic disc degeneration would be useful.
In contrast, a low PI accompanied by lower SS and LL may
increase the vertical pressure on the disc, but a long period
of time is needed for the abnormal anatomic structure to
influence the pathogenesis of LDH. In our research, young
LDH patients were studied and there may not be enough
time to cause degeneration and LDH because the change of
pressure kept a shorter duration. In this context, whether
pelvic morphology would affect the intervertebral disc
remains unclear, and more studies on this topic are neces-
sary. It will be a long time before PI can be utilized as a pre-
dictor for LDH.

TABLE 2 The correlation between the parameters in the young lumbar disc herniation (LDH) group (n = 100, correlation efficient listed)

Parameters LL PI SS PT TK SVA

LL — 0.401* 0.819* −0.409* 0.550* −0.622*
PI — — 0.622* 0.527* −0.027 0.051
SS — — — −0.337* 0.258* −0.298*
PT — — — — −0.320* 0.376*
TK — — — — — −0.272*

LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TK, thoracic kyphosis; *P < 0.05.

TABLE 3 Classification of the lumbar disc herniation (LDH)
group and the control group (cases [%])

Groups 1 2 3 4

LDH (100 cases) 26 (26) 12 (12) 24 (24) 38 (38)
Control (100 cases) 28 (28) 34 (34) 32 (32) 6 (6)

TABLE 4 Distribution of pelvic incidence (PI) groups
(cases [%])

Groups 1 2 3

LDH (100 cases) 30 (30) 36 (36) 34 (34)
Control (100 cases) 20 (20) 43 (43) 37 (37)
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