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Abstract

Purpose A retrospective cross-sectional study was

designed to explore the role of spinopelvic sagittal align-

ment in upper lumbar disc herniation (ULD) development.

Methods A total of 207 consecutive patients who under-

went surgery for single-level lumbar disc herniation [24

with ULD and 183 with lower lumbar disc herniation

(LLD)] and 40 asymptomatic volunteers were enrolled.

Full-length radiographs of the spine were taken to evaluate

pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT),

thoracic kyphosis (TK), lumbar lordosis (LL), and sagittal

vertical axis (SVA). The Roussouly classification was uti-

lized to categorize all subjects according to their sagittal

alignment. Spinopelvic parameters and Roussouly classi-

fication results were compared between groups.

Results There were significant differences in PI, SS, PT,

LL, and SVA between the ULD, LLD, and control groups.

PI in the ULD (40.9�) was significantly lower than in the

LLD and control groups (48.8� and 47.6�, respectively). LL
was significantly lower in the ULD than in the LLD (-32.4�
and -40�, respectively). There were significant differences
between the three groups in Roussouly types. The LLD had

a significantly higher proportion (62.6 %) of type 2 lordosis

(flat back), and the ULD had a higher proportion (33.3 %)

of type 1 lordosis than the other groups.

Conclusions This study demonstrated the importance of

PI and lumbar curvature in the pathogenesis of ULD. The

higher prevalence of short LL and long TK with low PI in

the ULD group implies that an increased mechanical stress

at this level may be one of the risk factors of ULD.

Keywords Upper lumbar disc herniation � Pelvic
incidence � Lumbar lordosis � Spinopelvic parameter �
Sagittal balance

Introduction

Pelvic incidence (PI), which was first described by Duval-

Beaupère et al. is an individualized morphological param-

eter not affected by posture and considered to be a perma-

nently invariable parameter involved in the regulation of the

sagittal alignment of the spine and pelvis [1, 2]. Addition-

ally, being unaffected by lumbar degenerative changes, PI

represents a constant guide value facilitating the under-

standing of variations in the patient population [1, 3–6].

In light of the beginning of the era of sagittal balance,

many studies have been published about the influence of

spinopelvic parameters on sagittal imbalance and degen-

erative disease, including spondylolisthesis [3, 7–12]. In

degenerative spondylolisthesis, high PI was proved to be a

predisposing factor since a greater sacral slope (SS) and

lumbar lordosis (LL) resulted in a greater shear force at the

lumbosacral junction [13–17].

Upper lumbar disc (ULD) herniation is relatively

uncommon. Thus, approximately 5 % of lumbar disc her-

niation cases are reported to occur at the upper lumbar

spine [18, 19]. The definition of ULD is somewhat
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debatable. Although in the present study, ULDs are defined

as the L1–2 and L2–3 levels, some authors included the

T12–L1 and L3–4 levels in this definition. Sanderson et al.

reported that the characteristics and clinical outcomes of

L3–4 disc herniation patients matched much more closely

those of L4–5 and L5–S1 disc herniation patients, and

therefore they proposed that future studies of upper versus

lower disc herniation should include L3–L4 herniation in

the lower category [20].

Because of the rarity of ULD, its pathogenesis has not

been thoroughly studied. Most studies dedicated to lumbar

disc degeneration or herniation included only the lower

lumbar spine. We assumed that, similar to other lumbar

degenerative diseases, spinopelvic parameters and lumbar

curvature might influence the pathogenesis of ULD.

However, there is little information on the changes of

spinopelvic parameters in patients with ULD, especially in

terms of PI. The purpose of this study was to evaluate the

influence of spinopelvic parameters in patients with ULD

and to compare them with spinopelvic parameters in a

normal population as well as in patients with lower lumbar

disc herniation (LLD).

Materials and methods

Patient population

After approval of Institutional Review Board of our insti-

tute, we retrospectively evaluated a total of 207 patients

less than 60 years old who underwent open lumbar dis-

cectomy or percutaneous endoscopic discectomy for sin-

gle-level symptomatic lumbar disc herniation between

January 2010 and January 2012. Patients with spondylol-

ysis, tumor, trauma, congenital or acquired deformity,

infection, and history of spine surgery were excluded. The

study group comprised 139 men and 67 women with the

mean age of 43.7 years (range 19–59). There were eight

patients with herniation of the nucleus pulposus at L1–2, 16

at L2–3, 19 at L3–4, 96 at L4–5, and 67 at L5–S1. The

L1–2 and L2–3 discs were defined as ULDs, and the L3–4,

L4–5, and L5–S1 discs were defined as LLDs [20]. Table 1

shows the results of comparison of demographic data

between the groups.

As a control group, 40 healthy volunteers (15 women

and 25 men; mean age 33.6 years; age range 19–53)

without spinal pathology were recruited.

Radiographic evaluation

Full-length radiographs of the spine extending from the

base of the skull to the proximal femur in the anteropos-

terior and lateral planes were obtained. The radiographs

were digitized and analyzed by a team of researchers. An

independent observer measured all radiographic parameters

using a dedicated software package with a built-in picture-

archiving communication system (PiView; INFINITT Co

Ltd, Seoul, South Korea). For radiography of the spine,

each patient was asked to stand comfortably erect. The

arms were flexed, the hands were placed on the clavicles,

and the knees were extended. Two 30 cm 9 90 cm expo-

sures from the base of the skull to the proximal femur in

the posterior to anterior plane and in the left to right lateral

plane were obtained. The distance from the radiographic

source to the film was maintained at 230 cm for all expo-

sures. Full-length standing anteroposterior and lateral

radiographs were taken preoperatively.

Sagittal balance was determined by measuring the

sagittal vertical axis (SVA) with a plumb line from the

center of the C7 vertebral body to the posterior sacral

prominence on the lateral radiograph. A regional sagittal

modifier was included to describe each of the two regions

of the spine: main thoracic kyphosis (TK), and lumbar

lordosis (LL). Main TK was measured from the T5 superior

endplate to the T12 inferior endplate. LL was measured

from the T12 inferior endplate to the S1 superior endplate

by the Cobb method. The pelvic parameters, PI, sacral

slope (SS), and pelvic tilt (PT), were measured in each

whole spine lateral view. SS is the angle between the S1

superior endplate and a horizontal line. PT is defined as the

angle between a vertical line originating at the center of the

bicoxofemoral axis and a line drawn between the same

point and the middle of the superior endplate of S1. PI is

defined as the angle between the line perpendicular to the

sacral plate and the line connecting the midpoint of the

sacral plate to the bicoxofemoral axis (Fig. 1).

The Roussouly classification was utilized for describing

variations in the sagittal morphology of the spine as shown

in Fig. 2.

Table 1 Demographic data of ULD and LLD

ULD LLD p value

Number 24 182

Age (years) 45.6 ± 12.1 43.5 ± 10.2 0.348

Sex (F/M) 6/18 61/121 0.587

BMI (kg/m2) 24.7 ± 2.9 25.1 ± 3.0 0.594

Level

L1–2 8 (33.3 %) – \0.001

L2–3 16 (66.7 %) –

L3–4 – 19 (10.4 %)

L4–5 – 96 (52.7 %)

L5–S1 – 67 (36.8 %)

ULD upper lumbar disc herniation, LLD lower lumbar disc herniation
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The presence of retrolisthesis and spondylolisthesis at or

adjacent to the level of herniation was assessed to evaluate

instability.

Statistical analysis

Statistical analysis was performed using SPSS 14.0K

(SPSS Inc., Chicago, IL). A probability value\0.05 was

considered to indicate a statistically significant difference.

The Mann–Whitney U test, Kruskal–Wallis test for non-

parametric data and student t test, one-way analysis of

variance (ANOVA) for parametric data were used to

compare the variables. Bonferroni post hoc test was uti-

lized for subgroup comparison after ANOVA test.

Results

Table 2 shows spine and pelvic parameters in the ULD,

LLD, and control groups. There were significant differ-

ences in PI, SS, PT, LL, and SVA between the three

groups. A post hoc test (Table 3) revealed that PI was

significantly lower in the ULD group than in the LLD and

control groups. Both the ULD and LLD groups had sig-

nificant lower SS than the control group (p = 0.000 and

0.002, respectively). LL was significantly lower in the

ULD group than in the LLD group (p = 0.006), while there

was no difference with the control group (p = 0.182). In

terms of SVA, both the ULD and LLD groups showed

significantly higher values than the control group

(p = 0.000 in both cases).

Nine (37.5 %) cases of retrolisthesis at or adjacent to the

level of herniation were identified in the ULD group,

whereas no such cases were present in the LLD group. No

cases of spondylolisthesis were observed.

Table 4 compares the results of the Roussouly classifi-

cation in the ULD, LLD, and control groups. The Kruskal–

Wallis test showed significant differences between the

groups (p = 0.001). The proportion of type 2 lordosis (flat

back) was significantly higher in the LLD group (62.6 %),

while the ULD group had a higher proportion (33.3 %) of

type 1 lordosis than the control group (Figs. 3, 4).

Discussion

The present study shows a significant correlation between

the location of disc herniation and spinopelvic alignment.

Thus, the ULD group had significantly lower PI and LL

than then the LLD and control groups. Furthermore, both

the ULD and LLD groups had decreased SS and anterior

shifting of sagittal balance in comparison with the control

group. Decreased LL and SS in disc herniation have been

previously reported by many authors [7, 12, 21]. Flat

lumbar spine is caused by segmental discopathy or loss of

disc height, a postural change secondary to an analgesic

response to avoid posterior disc hyperpression, or forami-

nal stenosis due to a herniated disc and tonic contraction of

the surrounding lumbopelvic muscles [12, 22]. Decreased

SS indicates pelvic retroversion as a mechanism of com-

pensating for the loss of LL and preserving sagittal bal-

ance. Sagittal imbalance due to loss of lordosis is also

partially corrected by the pelvic retroversion [12]. In the

present study, PT in the LLD group was greater than in the

ULD and control groups because the high PI in the LLD

group permitted a greater range of pelvic retroversion,

which led to a more efficient alleviation of the loss of

lordosis than in the ULD group. Our spinopelvic parame-

ters in disc herniation are concordant with the results of

previous studies of spinopelvic parameters and lumbar disc

degeneration [7, 12, 22].

The ULD groups had significantly lower PI (40.9�) than
the LLD and control groups (48.8� and 47.6�, respectively,
p = 0.000). The interpretation of this finding is more

straightforward if the results of the Roussouly classification

are taken into account. The ULD and LLD groups had

Fig. 1 Pelvic incidence (PI), sacral slope (SS), pelvic tilting (PT),

lumbar lordosis (LL), thoracic kyphosis (TK), and sagittal vertical

axis (SVA) were measured in each whole spine lateral view
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significantly higher rates of Roussouly type 1 (39.5 %) and

type 2 (66.3 %), respectively. According to the Roussouly

classification of sagittal alignment of the lumbar spine,

type 1 is a combination of kyphosis and short lordosis at

the lower arc of the spine, and type 2 represents flat back

[6]. In type 1 lordosis, SS is less than 35�, and this is

associated with a low PI. In the upper spine, the kyphosis

of the thoracolumbar junction is significant, and the

kyphosis and lower arc of lordosis are minimal. In type 2

lordosis, the entire spine is relatively hypolordotic and

hypokyphotic, and the lower arc of lordosis is relatively

flat. In light of this difference in sagittal alignment,

Roussouly proposed the concept of degenerative evolution

and pathological balance [10]. In type 1 lordosis, junctional

discs between the thoracolumbar kyphosis and the lumbar

lordosis are tilted with a risk of retrolisthesis, while lower

lumbar discs (L4–5 and L5–S1) are generally preserved

from degeneration. In type 2 lordosis, the risk of early disc

degeneration with central disc herniation is increased

because the orientation of the disc is horizontal and the disc

pressure is maximal.

Many authors reported that mechanical stress influences

the pathogenesis of ULD. Hu et al. found that isolated high

lumbar disc degeneration is often associated with pre-ex-

isting abnormalities such as end-plate defects, Scheuer-

mann’s disease, limbus vertebra, and others, as well as

Fig. 2 The four types of the Roussouly sagittal classification. The

shape of lumbar lordosis depends on sacral slope (SS) orientation.

Types 1 and 2 have SS\ 35�, type 3 has 35�\SS\ 45�, and type 4

has SS[ 45�. Generally, the PI is low in types 1 and 2 and high in

type 3. Note the location of the apex of the lumbar lordosis. In type 1,

it is in the center of the L5 vertebral body; in type 2, it is at the base of

the L4 vertebral body; in type 3, it is in the center of the L4 vertebral

body; and in type 4 it is in the center of the L4 vertebral body or

higher

Table 2 Comparison of

spinopelvic parameters in the

ULD, LLD, and control groups

ULD LLD Control p value (ANOVA)

PI 40.9 (8.3) 48.8 (7.4) 47.6 (9.8) 0.000

SS 24.6 (9.1) 28.8 (6.3) 32.7 (5.9) 0.000

PT 16.3 (8.5) 19.9 (7) 14.8 (6.8) 0.000

LL -32.4 (15.5) -40 (11) -37.9 (7.9) 0.008

TK 8 (6.4) 6.2 (5.8) 6 (6.1) 0.017

SVA 5.5 (21.1) 7.3 (16.9) -21.3 (19.9) 0.000

PI pelvic incidence, PT pelvic tilt, SS sacral slope, LL lumbar lordosis, TK thoracic kyphosis, SVA sagittal

vertical axis, ULD upper lumbar disc herniation, LLD lower lumbar disc herniation, ANOVA analysis of

variance
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repeating work activities that put high stress on the spine,

such as in construction workers, airplane mechanics, etc.

[23]. They concluded that altered mechanics are associated

with frequent lumbar disc pathologies. Xu et al. showed

that ULD was significantly related to presence of adjacent

wedge-shaped vertebrae and larger kyphotic angle at the

adjacent segment [24]. They postulated that shear stress

and compression forces secondary to the presence of

wedge-shaped vertebrae may induce biomechanical chan-

ges that accelerate the degeneration of adjacent discs at

upper lumbar levels. In the present study, ULD was also

associated with increased stress at the thoracolumbar

junction in Roussouly type 1 lordosis with lower PI. In the

pathogenesis of lumbar disc herniation, disruption of disc

structure due to excessive mechanical loading is important

[25]. Kyphosis of the upper lumbar spine concentrates

transitional stress between the rigid thoracic spine with the

rib cage and short lordosis of the lower lumbar spine. In

this regard, we observed a high prevalence of retrolisthesis

in the L1–2 and L2–3 cases (nine out of 24 cases).

The present study determined that retrolisthesis is highly

prevalent in ULD. This is concordant with the results of

Table 3 Results of the Bonferroni post hoc test for comparison of

spinopelvic parameters in the ULD, LLD, and control groups

Bonferroni post hoc test p value

PI Control ULD 0.004

Control LLD 1.000

ULD LLD 0.000

SS Control ULD 0.000

Control LLD 0.002

ULD LLD 0.013

PT Control ULD 1.000

Control LLD 0.000

ULD LLD 0.062

LL Control ULD 0.182

Control LLD 0.929

ULD LLD 0.006

PI pelvic incidence, PT pelvic tilt, SS sacral slope, LL lumbar lor-

dosis, ULD upper lumbar disc herniation, LLD lower lumbar disc

herniation

Table 4 The Roussouly classification in the ULD, LLD, and control

groups

Roussouly classification ULD LLD Control

Type 1 17 (39.5 %) 37 (22.7 %) 5 (12.5 %)

Type 2 15 (34.9 %) 108 (66.3 %) 21 (52.5 %)

Type 3 7 (16.2 %) 17 (10.4 %) 12 (30 %)

Type 4 5 (11.6 %) 1 (0.6 %) 2 (5 %)

ULD upper lumbar disc herniation, LLD lower lumbar disc herniation

Fig. 3 An illustration of upper lumbar disc herniation. T2 sagittal

magnetic resonance imaging (MRI) a shows disc herniation at the

L2–3 level. Note the lumbarization of the S1 vertebra. A whole spine

lateral radiograph b shows Roussouly type 1 lordosis and low PI and

SS. (PI = 37�, SS = 12�, LL = -27�, and TK = 36�)

Fig. 4 An illustration of lower lumbar disc herniation. T2 sagittal

magnetic resonance imaging (MRI) a shows disc herniation at the

L4–5 level. Whole spine lateral radiographs b show Roussouly type 2

lordosis. (PI = 39�, SS = 33�, LL = -48�, and TK = 23�)
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previous studies, which reported that backward slip was

common in upper lumbar vertebrae with low PI and con-

sidered it a compensatory mechanism for sagittal imbal-

ance in lumbar degenerative diseases [8, 26]. Although

Shen et al. showed that there is no relationship between

retrolisthesis and disc degeneration at the L5–S1 level [27],

the pathogenesis of ULD is different from that of LLD

[20]. It seems that mechanical stress that concentrates at

the junction of thoracic kyphosis and lumbar lordosis in

patients with low PI plays a key role in the development of

ULD.

To the best of our knowledge, this is the first study of the

role of global sagittal balance in the pathogenesis of ULD.

ULD groups had significantly lower PI and Roussouly type

1 lordosis, whereas LLD group had higher PI with Rous-

souly type 2 lordosis.

There are some limitations to this study. The number of

ULD in this study is relatively low because of rarity of its

incidence. Multicenter study with larger cohort would

strength this result. In addition, many other factors leading

to disc herniation need to be investigated in future longi-

tudinal studies for more accurate evaluation.

Conclusions

Because of the rarity of ULD, its etiology has not been

understood as well as that of LLD. This study demonstrated

the importance of PI and lumbar curvature in the patho-

genesis of ULD. The higher prevalence of short LL and

long TK with low PI in ULD patients indicates the pres-

ence of increased mechanical stress at this level. A further

longitudinal study is necessary to clarify how the

mechanical stress impacts ULD development among mul-

tiple other factors.
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