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Abstract

Background: There are many unanswered questions about the characteristics and mechanism of the lumbosacral scoliotic list
(LSL). In the current study, the pattern of LSL, the level of maximal opened disc space (take-off) in addition to the relationship between
the location of disc herniation (DH) on magnetic resonance imaging (MRI) and LSL direction on radiographs, were investigated.
Methods: A total of 37 patients, with extruded lumbar DH and LSL, were included in the current study. The following variables were
measured on standing anteroposterior and lateral lumbar x-rays: LSL (from L1 to L5), the take-off level, and the coronal shift (the
distance between the plumb line from T12 spinous process to the central sacral vertical line). The direction of LSL was recorded as
the bending side of the patient opposite to the convexity of the curve. The location of DH was determined as right, left, or central
on an MRI.
Results: The magnitude of the LSL curve averaged 9.9°±6.9°. Regarding the right or left herniation, the list occurred mostly toward
the opposite side of the herniation direction (P = 0.04). There was no significant matching between the location of herniation and
the take-off segment (P = 0.391); however, in 67.6% of patients with L4 - L5 or L5 - S1 herniation, the take-off point occurred one segment
above the involved levels. The take-off was found only at L3 - L4 or L4 - L5 levels in all the patients.
Conclusions: LSL usually occurs on the opposite side of the herniation location. Furthermore, take-off is found in L3 - L4 or L4 - L5
segments in most of the patients with LSL. It seems that LSL curve characters are not affected by the level of herniation.
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1. Background

Lumbosacral scoliotic list (LSL) is a well-known indica-
tor of lumbar disc herniation (DH) (1, 2). There are sev-
eral terms used to describe the condition such as trunk list
(3), sciatic scoliosis list (4), sciatic spinal deformity (5), and
lumbosacral scoliotic list (6). This lateral bending is tran-
sient and evident upon physical examination (7). In other
words, LSL is a non-structural scoliosis resulted from irri-
tating a nerve root.

The mechanism of the list is controversial. Finneson
described the condition, thus: when a disc is herniated lat-
eral to the nerve root, the patient leans the body to the con-
tralateral side to decompress the root, and vice versa oc-
curs when the herniation occurs medial to the root, the pa-
tient bends toward the root to decrease nerve tension (4).
However, some studies did not confirm the hypothesis and

stated that there is no correlation between the anatomic lo-
cation of DH and the side of LSL (1, 4-6). It has been shown
that nerve root pressure is higher in patients with LSL than
patients without a list; however, this is not the sole mecha-
nism of this phenomenon (8). Few studies have shown that
DH is more common in the convex side of the list while the
trunk shifts to the contralateral side (4, 6, 9, 10).

These controversial findings may have resulted from
different study designs and evaluation methods. Previous
investigations of LSL were based on clinical features and
surgical findings.

2. Objectives

The purpose of this study was to investigate the pat-
tern and level of maximal bending of the lumbar spine
(take-off) in LSL. In addition, the radiographic relationship
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between DH location on the magnetic resonance imaging
(MRI) and LSL direction on plain radiography was evalu-
ated.

3. Methods

Between September 2015 and August 2017, patients
with extruded lumbar DH and LSL, who were candidates for
surgical treatment, enrolled in this prospective study. Be-
fore the study, the Institutional Review Board approved the
protocol, and eligible patients signed informed consent.
The indications of surgical intervention consisted of a non-
responsive pain to conservative treatment for six weeks,
progressive neurologic deficit, or cauda equina syndrome.
Patients with more than one level of DH, degenerative disc
disease in the lumbar spine, Modic changes in MRI, history
of spinal deformity, and previous spinal surgery were ex-
cluded from this study.

At first, on the physical examination, the side of patient
bending was recorded. Then, the standing lumbosacral
X-rays in anteroposterior and lateral views were taken,
and lumbosacral MRI was obtained (1.5 T) (Figure 1). All
of the radiographic measurements were performed using
SurgimapTM, version 2.2.12.1 (Surgimap Spine Software, Ne-
maris Inc., New York, USA). Two investigators (one spine fel-
low and one spine surgeon) analyzed the images and mea-
sured the obtained values independently. The mean of the
two measurements was considered as the final value. In
a pilot study, the Cronbach’s alpha was > 0.8 for interob-
server reliability of the two investigators.

The list angle measurement from the superior end-
plate of L1 to the inferior endplate of L5 (Figure 2) was car-

Figure 1. MRI T2-sequence showing L4 - L5 left side disc herniation in a 55-year old
man.

ried out by using Cobb’s angle. In each disc space, the an-
gle between the superior endplate of the caudal vertebra
and the inferior endplate of the cephalad was measured
(Figure 3). Whenever the angle opened to the convex side
of the curve, the value was considered positive, and when
the angle opened to the concave side it was called negative.
When the value of a disc space angle in the upper segments
was negative, which implies they were opened to the con-
cave side of the LSL curve, the maximum LSL Cobb’s angle
was measured in the lower segments. The deviation to the
left or right was also determined. In addition, the take-off
level was defined as disc space with maximal Cobb‘s angle
from L1 to S1 (Figure 3). The coronal shift was defined as the
distance between the plumb line from the T12 spinous pro-
cess to the central sacral vertical line (CSVL). Diagnosis of
LSL was made based on the coronal shift. The direction of
the list was considered as the bending side of the patient
opposite to the convexity of the curve.

Finally, a spinal surgeon who was blinded to the X-rays
independently analyzed the MRI sequences to locate DH as

Figure 2. Lumbosacral radiography, AP view. Cobb’s angle between superior end-
plate of L1 and inferior endplate of L5 recorded as lumbosacral list.
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Figure 3. Lumbosacral radiography, AP view. Cobb’s angle measurement in each
disc space showing the take-off occurred in L3 - L4 (6°).

right, left, or central.

3.1. Data Analyses

Data were analyzed using SPSS statistical software V.
15.0. To compare the qualitative data, chi-square test was
used. Pearson’s correlation test was used to investigate the
correlation between LSL and coronal shift. Cronbach’s al-
pha was calculated to measure interobserver reliability. P
< 0.05 was considered as a significant finding.

4. Results

The characteristics of the patients are presented in Ta-
ble 1. A total of 37 patients were enrolled in the current
study. The mean of LSL curve magnitude measured from
L1 superior endplate to L5 inferior endplate was 9.9°± 6.9°
(range: 1° to 29°). Furthermore, the mean of maximum LSL
was 11.4° ± 6° (3° to 29°). Generally, there was no statis-
tically significant relationship between the list direction
and the side of herniation (P = 0.123) (Table 2). However,
when central hernias were excluded, it was observed that
the list direction was significantly related to the herniation

Table 1. Characteristics of the Patients with LSLa

Characteristics Values

No. 37

Age, y

Mean ± SD 35.79.5

Range 18 - 56

Gender

Male 24 (64.9)

Female 13 (35.1)

Level of disc herniation

L3 - L4 3 (8.1)

L4 - L5 22 (59.5)

L5 - S1 12 (32.4)

Location of disc herniation

Right 15 (40.5)

Left 12 (32.5)

Central 10 (27)

LIST (degree)

Mean ± SD 9.9 ± 6.9

Range 1 - 29

Maximal LIST (degree)

Mean ± SD 11.4 ± 6

Range 3 - 29

List side

Right 14 (37.8)

Left 23 (62.2)

aValues are expressed as No. (%) unless otherwise indicated.

side (P = 0.04) and occurred mostly toward the opposite
side of the herniation (Table 2).

Local Cobb’s angle in each lumbar disc was measured,
which was maximal in the take-off level and decreasing to-
ward cephalad or caudal (Figure 4). Of the three patients
with L3 - L4 herniation, take-off was found at the same disc
space in one case and at the lower segment in two other pa-
tients. In patients with L4 - L5 DH (n = 22), take-off occurred
at one level above in 16 patients (72.7%), it took place at the
same level in 11 patients. When the herniation was in L5 - S1
(n = 12), take-off was found one level above in seven patients
(58.3%) and two levels above in five patients (41.7%). Gener-
ally, in 34 patients with L4 - L5 and L5 - S1 hernias, take-off oc-
curred one level above in 67.6%. However, there was no sta-
tistically significant relationship between the level of her-
niation and take-off level (P = 0.391) (Table 3). In addition,
take-off was found only at L3 - L4 or L4 - L5 levels in all the
patients.
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Table 2. The Relationship Between Side of Herniation Location and List Direction

Side of Herniation
P Valuea

Right Central Left Total

List direction 0.123

Right 3 7 4 14

Left 12 5 6 23

Total 15 12 10 37

a With exclusion of central hernias, the list direction was significantly related to the herniation side (P = 0.04).

Table 3. The Relationship Between Level of Herniation and Take-Off

Take-Off Level
P Value

L3 - L4 L4 - L5 Total

Herniation level 0.391

L3 - L4 1 2 3

L4 - L5 16 6 22

L5 - S1 5 7 12

Total 22 15 37

6

5

4

3

2

1

0

1.4 ± 1.4

2.2 ± 1.7

3.9 ± 2.7

3.6 ± 2.3

0.9 ± 0.7

L1-L2 L2-L3 L3-L4 L4-L5 L5-S1

Figure 4. Lumbosacral radiography, AP view. The mean Cobb’s angle in each lumbar
disc space (degree).

The average coronal shift was 18.9 ± 11.6 mm (4 to 62
mm). Pearson’s correlation test revealed that there was a
significant positive correlation between LSL and coronal
shift (r = 0.6, P = 0.001).

5. Discussion

Sudden onset of scoliosis with the presentation of con-
current lumbar and/or lower extremity pain is highly sug-
gestive of a DH (11). The incidence of LSL has been reported
to range between 8.9% to 18% in patients with lumbar DH
who have undergone a discectomy (4, 10). However, there
is a lack of knowledge regarding the causes and character-
istics of this phenomenon. Matsui et al. (4), reported that

these postural changes occur to protect the spinal nerves
from further damage. The radiologic features of LSL are
different from idiopathic scoliosis as LSL exhibits a short
lumbosacral curve without vertebral rotation in the axial
plane (9). Some previous studies have reported the disap-
pearance of LSL after the treatment of causative factors (4,
6, 7, 10). Gillan et al. (3), reported that there was a poor cor-
relation between LSL magnitudes and clinical outcomes.

The purpose of the current study was to determine the
pattern of LSL in patients with DH. To this end, the site of
herniation on an MRI was compared to the LSL direction
on plain radiography. In paracentral DHs (right or left),
LSL was more to the opposite side of herniation in most of
the cases (P = 0.04). In addition, when the disc was herni-
ated centrally, no relationship to the LSL direction was de-
termined.

In agreement with the current study, it has been re-
ported that in more than 80% of patients with LSL, the
trunk shifted away from the herniation side (4, 10, 12, 13).
Suk et al. (6), evaluated the association between location
(medial or lateral to the nerve root) and level of DH and
the direction of LSL in 45 patients. The authors reported
that there was no association between the anatomic loca-
tion of DH and LSL direction. However, significantly, two-
thirds of the patients listed to the opposite side of the her-
nia (6). Matsui stated that when the lumbar spine bends
to the lateral side, the intervertebral disc becomes wedge-
shaped and the disc stretches and reduces in size, which
Suk called: autonomic decompression (4, 6). In an arti-
cle, Zhu et al. (9), reviewed studies on 26 adolescents with
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lumbar DH, and reported that the direction of lumbosacral
curve and trunk shift was related to the side of DH.

The results of our study showed that in all the patients
with LSL, take-off occurred at L3 - L4 or L4 - L5 levels. When
a take-off is found in L3 - L4 or L4 - L5 levels, there is a disc
extrusion in 75% of the cases in L4 - L5 and L5 - S1 levels. This
finding is interesting since most of the hernias are found
at one of these two levels (96%) (14).

Take-off did not occur in levels L5 - S1 in all patients.
Kim et al. (10), reported that this was due to the fact that
L5 - S1 level is enclosed within the pelvic cavity. In other
words, it was found that the mean Cobb’s angle increased
gradually from L5 - S1 to L3 - L4 in each level and then de-
creased gradually to the L1 - L2. The best evidence that ex-
plains this phenomenon was reported by White and Pan-
jabi. They demonstrated that the range of lateral bending
in the lumbar spine increased from L5 - S1 (3°) to L3 - L4
(8°) and then decreases to L1 - L2 (6°), while the minimum
range was found in L5 - S1 (15). Therefore, it seems that the
LSL pattern is related to the biomechanics of spinal motion
segments rather than DH level. The resulting coronal im-
balance increased significantly with increased LSL magni-
tude. The greater the Cobb’s angle, the greater the patient
shift from CSVA.

One of the advantages of the current study was that ax-
ial MRI sequences were used to categorize the disc hernia-
tions as the central and right or left paracentral. These find-
ings were useful to investigate the relationship between
the herniation side and list direction, which was not in-
vestigated in the other studies (4, 6, 7, 10). In addition, we
found that central disc herniation is not associated with a
particular direction of LSL, which was not reported previ-
ously. Another advantage of the study was that the pattern
of LSL was investigated based on Cobb’s angle in each disc
level and take-off level, which was not determined in previ-
ous studies.

Like any other study, some limitations were observed
in the current study. The long cassette scoliotic plain radio-
graphy was not used to determine other curves in our pa-
tients. However, the use of long cassette produces more de-
tails regarding the pattern of compensatory curves in the
thoracic spine. Clinical outcomes were not investigated in
this study due to the fact that the study aimed to analyze
the radiographic nature of LSL. There was no follow-up af-
ter surgery to find out when and how the LSL disappeared
in the patients.

5.1. Conclusions

The findings of the current study showed that when
the patient leans to one side as a result of disc hernia-
tion, there is usually an extruded disc on the opposite side.
When LSL occurs, maximal bending (take-off) is found in L3

- L4 or L4 - L5 levels possibly due to the maximal range of lat-
eral bending within these segments that naturally occurs.
It appears that LSL pattern is not affected by the level of her-
niation. In addition, larger degrees of LSL make the patient
more imbalanced in the coronal plane.
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