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Abstract
Objectives: To investigate the role of gravity in the sedimentation of lumbar spine nerve roots using
magnetic resonance (MR) imaging of various body positions.

Methods: A total of 56 patients, who suffered from back pain and underwent conventional supine lumbar
spine MR imaging, were selected from sanmen hospital database. All the patients were called back to our
hospital to perform MR imaging in prone position or lateral position. Furthermore, the sedimentation sign
(SedSign) was determined based on the suspension of the nerve roots in the dural sac on cross-sectional
MR images, and 31 cases were rated as positive and another 25 cases were negative.

Results: The mean age of negative SedSign group was signi�cantly younger than that of positive
SedSign group (51.7±8.7 vs 68.4±10.5, P<0.05). The constitutions of clinical diagnosis were signi�cantly
different between patients with a positive SedSign and those with a negative SedSign (P<0.001). Overall,
nerve roots of the vast majority of patients (48/56, 85.7%) subsided to the ventral side of the dural sac on
the prone MR images, although that of 8 (14.3%) patients remain stay in the dorsal side of dural sac.
Nerve roots of only one patient with negative SedSign did not settle to the ventral dural sac, while this
phenomenon occurred in 7 patients in positive SedSign group (4% vs 22.6%, P<0.001). In addition, the
nerve roots of all the �ve patients subsided to the left side of dural sac on lateral position MR images.

Conclusions: The nerve roots sedimentation followed the direction of gravity. Positive SedSign may be a
MR sign of lumbar pathology involved the spinal canal.

Background
Lumbar spinal stenosis (LSS) is a common cause of back pain and often leads to neurogenic
claudication which requires decompression surgery[1-3]. Although medical history, physical examination,
and radiologic study are widely used for the diagnosis of LSS, the establishment of a LSS diagnosis
lacks a well-accepted standard[4,5]. An intuitive and objective tool that can facilitate the diagnosis and
prognosis of LSS, therefore, is with important clinical signi�cance in clinical practice.

A study by Barz and colleagues �rst reported that sedimentation sign (SedSign) was helpful in the clinical
diagnosis of LSS, as a positive SedSign was common in LSS patients[6]. After this original work, a
number of studies consistently suggested that SedSign was a powerful tool to bene�t the diagnosis of
LSS[7-9]. Such a view, however, was questioned by some researchers that a positive SedSign was merely
suggestive of severe LSS[10,11] and the capability of SedSign in differentiating LSS from non-speci�c
back pain was limited[12,13,11]. Although the inconsistent �ndings may be due to patient sampling[11]
and varied de�nitions of stenosis[14,13], it is important to note that such controversies re�ected, more or
less, the poor understanding of the mechanism leading to positive SedSign. The spatial status of the
nerve roots in the lumbar spinal canal deserves further investigations using subjects in health and
disease.
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As the SedSign was evaluated on lumbar spine magnetic resonance (MR) images which is conducted in
a supine position, Barz postulated that the sedimentation of nerve roots to the dorsal dural sac may be
attributable to gravity[6]. Although such a straightforward theory is reasonable, clinical evidence is
absent. In other words, it remains unclear whether or not the nerve roots of a health spine would sediment
toward the direction of gravity. Given the degree of lumbar lordosis varies in different body positions,
mechanical tension the nerve roots undertake may also change in strength and direction. To date, the
overall impact of gravity in nerve roots sedimentation in the lumbar canal remains unstudied. The
purpose of this study was to determine the role of gravity in the sedimentation of nerve roots in the
lumbar canal by MR imaging the lumbar spine in various body positions.

Methods
Subjects

We �rst screened the MR images archive system and identi�ed 734 patients who conducted lumbar spine
MR imaging at our hospital between Jan 2018 to Dec 2018. Based on medical record, patients with LSS,
disc herniation, non-speci�c back pain, and spondylolisthesis were selected. Patients with spinal tumors,
spinal infections, and spinal deformity, and those who had a history of spine surgery were excluded. After
the preliminary screening, 135 patients who met the criteria were included to evaluate SedSign on axial
lumbar MR images. All the 135 patients were called back to performing MR imaging in a de�ned time,
and 56 patients have time to �nish a follow-up and then included in our study. Based on the presence or
absence of SedSign, 31 patients with positive SedSign and another 25 with negative SedSign were
selected. The study protocol was introduced to the patients and a written informed consent was obtained
for each participant.

MR imaging

The patients were �rst subjected to conventional supine MR imaging (SuperScan-1.5T, Xingaoyi Co., Ltd.,
Ningbo, China). Each patient was instructed to lay in a standard supine position, with hip and knee joints
bent over a wedge cushion. After supine MR imaging, the patient was asked to have 3-minute relaxation
in standing position and was trained to breathe evenly and slowly for 3 minutes. Then, the patient was
instructed to lay in a prone position upon a surgical foam pad, with the face on a contoured U-shaped
pillow. The patient’s lumbar spine was then MR imaged in the prone position. Respiratory gating was
used to reduce the interference from breathing. Five patients were selected randomly from the 56 patients
and then further MR imaged in left lateral position. Two patients were selected from the negative group
and they were diagnosed as non-speci�c back pain. Another three were from the positive group and they
were diagnosed as LSS.

The same protocol was used for supine, prone and lateral MR imaging. T2-weighted (T2W) sagittal and
axial images were acquired for the lumbar spine. Axial T2W images were acquired using a turbo spin-
echo sequence with a repetition time of 3810 ms, echo time of 120 ms, �eld of view of 18cm×18cm, slice
thickness of 4mm and slice gap of 0.3mm. The axial MR imaging was performed parallel to the vertebral
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endplates and 3 axial images were acquired for each lumbar intervertebral disc, with 2 through the lower
and upper vertebral endplates and 1 through the middle of the disc.

SedSign evaluation

On the T2W axial MR images which were acquired on the supine position, SedSign and morphology
grading of lumbar spinal canal were evaluated by two orthopedic surgeons using Barz’s criterion[6].
Brie�y, a negative SedSign was de�ned as nerve roots settled to the dorsal dural sac except for the two
exiting nerve roots, and a positive SedSign was considered when the nerve roots suspended or dispersed
in the middle of dural sac, or even reached the ventral side of the dural sac[6]. The sedimentation of the
nerve roots was evaluated on the axial MR images at the disc level. The SedSign evaluation was �rst
assessed by two authors. We have found high inter-rater agreement (k=0.85) for the classi�cation of
SedSign. When there was any inconsistence in the SedSign evaluation, it was discussed with a senior
radiologist together to reach a �nal rating.

Classi�cation of nerve roots position in the prone position MR images

The position of nerve roots in lumbar spinal canal was reviewed in all the sagittal and axial MR images in
prone position. The patient was classi�ed as “nerve roots settle to the ventral dural sac” if the nerve roots
settled to ventral dural sac in all the axial MR images when changed to prone position, while the patient
was rated as “nerve roots sequester/stay in the dorsal dural sac” if nerve roots in one section did not
sediment to the ventral dural sac on prone position MR images. Two authors, who were blinded to the
patients’ information, performed the evaluation independently. The SedSign evaluated in prone position
was also performed by the two raters using Barz’s criterion. We also have obtained high inter-rater
agreement (k=0.81) for the classi�cation of SedSign prone position MR images. The �nal rating was also
discussed with a senior radiologist if inconsistent results occurred.

Statistical analysis

Descriptive statistics were used to depict the characteristics of the patients. T-tests were used to examine
the age difference among various groups. Chi-squared tests were used to compare the incidence rates of
SedSign among various groups. Statistical analyses were performed using STATA (version 12.0,
StataCorp LP, TX, USA).

Results
Demographics

There were 56 patients studied, including 31men and 25 women. The mean age was 60.4±12.8 (range 25
to 80 years). Patients with a negative SedSign was younger than those with a positive SedSign (51.6±13
vs 67.5±7, P<0.05, Table 1). Male/female ratios were not different between positive and negative SedSign
groups.
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Table 1
Demographics and clinical diagnosis of patients studied

  Negative SedSign

(N=25)

Positive SedSign

(N=31)

Age 51.6±13 67.5±7*

Male/female 12/13 19/12

Clinical Diagnosis#    

Lumbar spinal stenosis 0 17

Lumbar disc herniation 6 12

Spondylolisthesis 1 2

Nonspeci�c back pain 18 0

*:Data were mean ± SD, and t-test was used, P<0.001; #: Chi squared test was used, P<0.001. clinical
diagnoses were signi�cantly different between SedSign positive and negative groups.

 

SedSign and clinical diagnosis

All patients with a positive SedSign had signi�cant MR �ndings which involved the spinal canal. A
positive SedSign occurred in patients with a clinical diagnosis of lumbar disc herniation (12 cases), LSS
(17 cases), and spondylolisthesis (2 cases), but not non-speci�c back pain. For those with a negative
SedSign, 18 were clinically diagnosed as having non-speci�c back pain, 6 with lumbar disc herniation,
and 1 with spondylolisthesis (Table 1). The constitutions of clinical diagnosis were signi�cantly different
between patients with a positive SedSign and those with a negative SedSign (P<0.001).

The sedimentation of nerve roots on MR images of various body position

Overall, nerve roots of 48 (85.7%) patients subsided to the ventral side of the dural sac on the prone MR
images, although that of 8 (14.3%) patients remain stay in the dorsal side of dural sac. Of the 25 patients
with a negative SedSign on supine MR images, the nerve roots settled to the ventral side of the dural sac
on prone MR images in 24 patients (Figure 1). Nerve roots in the remaining 1 patient, who was diagnosed
as disc herniation, did not settle to the ventral dural sac (Figure 2). For all the 31 patients with a positive
SedSign, nerve roots subsided to the ventral side of the dural sac on the prone MR images in 24 patients
(Table 2, Figure 2). The nerve roots of the other 7 patients still stay (sequester) in the dorsal dural sac,
which were due to single level (Figure 4) or multiple level stenosis (Figure 5). The nerve roots in patients
with positive SedSign were more likely to stay in the dorsal dural sac on prone position MR images
(22.6% vs 4%, P<0.05, Table 2). In addition, the nerve roots subsided to the left dural sac in all the 5
patients when they were MR imaged on a left lateral position (Figure 6).
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Table 2
Changes of nerve roots sedimentation in supine and prone MR images in patients

with both negative and positive SedSign
Supine MR images

 

Prone MR images

Negative SedSign

(N=25)

Positive SedSign

(N=31)

Nerve roots settle to the ventral dural sac 24 24

Nerve roots stay in the dorsal dural sac 1 7

Chi squared test, P<0.001.

 

Discussion
Our study demonstrated for the �rst time that gravity determined the direction of nerve roots
sedimentation, since nerve roots in the lumbar canal subside along with the direction of gravity on MR
images of various positions. In addition, the nerve roots in patients with positive SedSign were more likely
to stay in the dorsal dural sac on prone position MR images.

MR imaging, with special sequence, is more and more commonly used in the diagnose of neurological
diseases[15]. Recently, diffusion tensor imaging allows for three-dimensional rendering of the peripheral
nerves, it was reported that DTI was helpful to determine the extent of neural dysfunction of the carpal
tunnel syndrome[16]. Also, MR imaging is useful in evaluation of the spine and helpful in differentiating
malignant from benign compressed vertebrae[17]. Through its ability of noninvasive and repeatable
measurements, MR imaging offer great help, not only to clinical diagnosis and measure severity of spinal
stenosis [18,12], but also as a tool for basic and clinical research[18,12].

It is of interest to explore spatial status of the nerve roots in the lumbar spinal canal in different body
position and may provide implications for researches of spinal stenosis, since MR imaging is well able to
observe the nerve roots due to its high resolution. As clearly demonstrated in the present study, gravity
was the major factor determining the direction of nerve roots sedimentation. If the nerve roots do not
subside along with the direction of gravity, a positive SedSign on supine MR images for example, there
must be an integrated mechanical force (towards the ventral side) against the gravity so that the natural
sedimentation of the nerve roots was restricted. Similarly, when changed to prone position, nerve roots of
some patients did not settle down the ventral dural sac, and this phenomenon was more likely to occur in
patients with disc herniation or spinal stenosis. Since positive nerve root SedSign in prone position was
more likely presented in multi-level or severe LSS, it may be an indication of severity of LSS and
suggestive of decompressions. Nevertheless, it requires large sample size research combined with the
clinical data, such as walking distance and symptom duration.
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The mechanism underlying nerve roots �oating in the spinal canal against gravity remains unclear. We
postulated that such an integrated force against gravity may result from multiple factors, including the
length and tension of the nerve roots, the level of spinal stenosis, and the degree of lumbar lordosis.
Alterations of these factors, as we clearly see, typically occurred in presence of degenerative changes in
lumbar spine. In this study, positive SedSign on prone position MR images occurred mostly in multiple
level spinal stenosis. In addition, the nerve roots in those case were tensioned (Figure 5), which was also
observed in the case with negative SedSign (Figure 2). However, nerve roots did not subside in the
direction of gravity despite loosen nerve roots in redundancy (Figure 4). The role of tension in nerve roots
sedimentation can be further studied using patients whose nerve roots tension is high, such as tethered
spinal cord syndrome.

Consistent with previous reports[19,20,11], our study suggested that a positive SedSign was tended to
occur in patients with degenerative lumbar spine disorders which involved the spinal canal, particularly
severe LSS. On the other hand, none of the 18 patients with nonspeci�c back pain presented a positive
SedSign. Findings support the view that a positive SedSign has the potential to facilitate differentiating
LSS from those without substantial canal involvement. More elegant diagnostic studies with large
sample size are needed to further clarify the clinical value of SedSign.

Sample size of the current study was small and the inclusion of selected patients has inherent
limitations. As a radiographic study, we did not have detailed clinical data and thus, the role of SedSign in
the clinical diagnosis of LSS was not studied. Also, clinical patients with non-speci�c back pain were
used as a convenient control. It is possible that nerve root SedSign may be different in asymptomatic
volunteers or other lumbar spinal conditions. Although the SedSign was not evaluated at the vertebral
pedicle level next to stenosis, we can observe that nerve roots subsided to ventral portion of dural sac on
sagittal images. Axial MR image through the vertebral pedicle should be obtained and used in SedSign
evaluation in future study.

In summary, this study revealed that the direction of nerve root sedimentation was mainly determined by
gravity. A positive SedSign on supine lumbar spine MR images occurs only when there was an opposite
force on the nerve roots against gravity. Such a mechanical force typically resulted from lumbar
degenerative changes involving the spinal canal. The clinical value of SedSign deserves further
investigations.

Abbreviations
SedSign: sedimentation sign; MR: magnetic resonance; LSS: lumbar spinal stenosis; T2W: T2-weighted.
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Figure 1

In a 47-year old woman with negative SedSign (A), the nerve roots sedimented to the ventral side of dural
sac on prone MR images (B).
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Figure 2

In a 45-year old man with negative SedSign (A), the nerve roots did not subside to the ventral side of dural
sac but �oating in the middle of dural sac on prone MR images (B).
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Figure 3

In a 54-year old woman with positive SedSign (A), the nerve roots subsided to the ventral side of dural sac
on prone MR images (B).
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Figure 4

In a 61-year old woman with positive SedSign and single level spinal stenosis (A), the nerve roots
remained stay in the dorsal side of dural sac on prone MR images (B).
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Figure 5

In a 74-year old man with positive SedSign and multiple level spinal stenosis (A), the nerve roots
remained stay the ventral side of dural sac on prone MR images (B).
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Figure 6

In a 49-year old man with negative SedSign (A), the nerve roots subsided to the left side of dural sac on
left lateral position MR images (B).


