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& Abstract

Background: Lumbar adhesive arachnoiditis is a debilitating

neuropathic condition and is difficult to diagnose owing to

lack of definitive diagnostic criteria. By focusing on the

intrathecal mobility of nerve roots, we assessed whether

useful diagnostic criteria could be established using MRI.

Methods: Seventeen patients with a high risk for lumbar

adhesive arachnoiditis and 18 no-risk patients with chronic

low back pain and/or leg pain participated in this study. The

patients underwent MRI in both the supine and prone

positions. Eleven axial T2-weighted images between the L2

and L5/S levels were obtained, and the proportion of the low-

intensity area in the dorsal half to the total low-intensity area

in the dural sac was calculated for each axial view.

Results: At some lumbar levels, the low-intensity area in the

dorsal half of the dural sac was relatively larger in patients

with a high risk for lumbar adhesive arachnoiditis than in the

no-risk patients. In the no-risk group, the proportion of the

low-intensity area in the dorsal half in the supine position

was significantly higher than that in the prone position at all

lumbar levels. However, in the high-risk group, at some

levels, the proportions were not significantly different in the

dorsal half of the dural sac between the supine and prone

positions.

Conclusion: In patients with a known risk for lumbar

adhesive arachnoiditis, nerve roots lose their potential to

migrate in the dural sac in the gravitational force direction on

MRI. &

Key Words: lumbar adhesive arachnoiditis, magnetic reso-

nance imaging, chronic low back pain

INTRODUCTION

Lumbar adhesive arachnoiditis is a debilitating neuro-

pathic condition. It had been diagnosed as tumors of the

spinal cord or spinal meningitis, but it was first

recognized as a separate disease entity in 1909, and

some case-series reports have been published.1–3 Many
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types of injuries to intrathecal neural structures (eg,

those induced by chemicals from oil-based contrast

media used for myelography and local anesthetics used

for spinal or epidural anesthesia; infections; blood in the

CSF; and trauma resulting from needle tips, catheter

insertion, and dural tears during spinal surgeries) can

cause the condition.4 Pathological changes associated

with lumbar adhesive arachnoiditis include inflamma-

tory cell infiltration and fibrous tissue outgrowth into

the subarachnoid space; these changes result in a fibrous

tangle, entrapping the lumbar and sacral nerve roots,

and cauda equina, followed by neuropathic pain.3–6

The clinical presentation of lumbar adhesive arach-

noiditis is complex. It usually presents as lumbar and leg

pain and is sometimes accompanied by intermittent

claudication, hypesthesia, and neurological deficits,

such as incomplete motor paralysis, abnormal lower

limb reflexes, and/or bladder and rectal dysfunction.

These clinical features can result in an erroneous

diagnosis of lumbar spinal stenosis, lumbar disc lesion,

or compressive spinal cord lesion. In clinical practice,

most physicians are probably unaware of lumbar

adhesive arachnoiditis. Generally, laboratory and neu-

rophysiological tests do not facilitate diagnosis.7 Radi-

ology is sometimes useful, and some radiological

findings are characteristic of the condition.7 Computed

axial tomography myelography can reveal a homoge-

neous contrast pattern without root shadows; subarach-

noid filling defects; or prominent, thick, and clumped

nerve roots with narrowing and shortening of the thecal

sac.8 MRI can reveal the following changes: empty sac

appearance, soft tissue replacing the subarachnoid

space, conglomerations of nerve roots centrally in the

dural sac, and adhesions peripherally tethering the nerve

roots.9,10 However, the precise relationship between the

complex clinical symptomatology and pathological

imaging findings has not yet been defined and validated.

Therefore, clinical diagnosis of the condition remains

challenging. The incidence of lumbar adhesive arach-

noiditis is unclear owing to the lack of definitive

diagnostic criteria; however, it is considered a relatively

rare condition.

Nerve roots are usually located in the posterior half of

the dural sac in the supine position11; however, in

patients with lumbar adhesive arachnoiditis, they are

located in the anterior half.8 Generally, nerve roots have

the potential to move in the gravitational force direction

in the dural sac.11 Because lumbar adhesive arachnoidi-

tis is characterized by the dense deposition of collagen

and the adherence of nerve roots to each other and the

dural sac, we hypothesized that the condition is associ-

ated with a loss of nerve root mobility in the dural sac.

Because arachnoiditis adhesions generally occur on the

dorsal segments in most cases,12 comparing the loca-

tions of nerve roots in the dural sac in the supine and

prone positions could help evaluate nerve root mobility.

By focusing on the intrathecal mobility of the nerve

roots and cauda equina, we assessed whether useful

diagnostic criteria for lumbar adhesive arachnoiditis

could be established using MRI.

METHODS

Participants

Thirty-five patients who presented with the chief com-

plaints of lumbar and leg pain were included in this

study. All participants were outpatients at the Depart-

ment of Anesthesiology and Pain Relief Center, The

University of Tokyo Hospital. Table 1 presents the

demographic and clinical characteristics of the patients.

No definitive diagnostic criteria were established for

lumbar adhesive arachnoiditis. Instead, we divided the

patients into the following 2 groups: (1) high-risk group

and (2) no-risk group. The groups included patients with

and without past histories of known risk factors for

lumbar adhesive arachnoiditis (eg, lumbar spinal sur-

gery, exposure to an intrathecal oil-based contrast

agent, etc.), respectively.4 The high-risk group com-

prised 17 patients with risk factors for the condition; 15

of those 17 patients had undergone lumbar spine surgery

at least once, and the remaining 2 patients had

intrathecally received an oil-based contrast agent. The

no-risk group comprised the remaining 18 patients who

had none of the above-mentioned risk factors but

presented with lumbar spinal canal stenosis with lumbar

and/or leg pain. We additionally investigated whether

the patients in each group hadMRI presentations, which

Table 1. Demographic and Clinical Characteristics of the
Patients

High-risk Group
(n = 17)

No-risk Group
(n = 18) P Value

Male: Female 7:10 5:13 0.40
Age, mean years 72 72 0.95
BMI, mean kg/m2 23.4 22.4 0.21
NRS, mean score 5.9 6.2 0.67
CRP, mean mg/dL 0.07 0.13 0.45

BMI, body mass index; CRP, serum C-reactive protein; NRS, 11-point numerical rating
scale to assess pain.
P values were obtained using the chi-squared test and Mann–Whitney test as
appropriate.
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are proposed, but not still validated, to be associated

with susceptibility for lumbar adhesive arachnoiditis,

with the aim of complementing the diagnosis of adhesive

arachnoiditis. We used the following 3 typical axial

MRI views in the supine position: (1) conglomerations

of the adherent roots residing centrally with the thecal

sac, (2) roots that are peripherally adherent to the

meninges and conferring an empty sac appearance, and

(3) a soft-tissue mass replacing the subarachnoid

space.10 The presence of these features was assessed in

all the MR images of the participants, and we counted

the numbers of participants in each group who had at

least 1 of the 3 MRI presentations.

The Ethical Review Board of the Faculty of Medicine,

the University of Tokyo, approved this study. This study

was registered in our institute [ID: 3905-(5)]. The

purpose and protocol of the study were explained to

all patents, and informed consent was obtained from the

patients prior to study initiation.

MRI and Evaluation of the Intrathecal Mobility of the

Nerve Roots and Cauda Equina

The patients underwent MRI in both the supine and

prone positions, and axial views of T2-weighted images

of the lumbar vertebrae and sacral bone were obtained.

The intrathecal mobility of the nerve roots at the upper,

middle, and lower vertebral levels from the 2nd to 5th

lumbar vertebrae (L2 to L5) as well as the intervertebral

levels between L2 and the sacral bone were assessed.

Thus, the mobility was assessed at a total of 11 levels

from L2 to the intervertebral level between L5 and the

sacral bone (L5/S).

At each level, by referencing the inner bone edge of

the lumbar spinal canal, the outline of the high-intensity

area (ie, the dural sac = lumbar subarachnoid space)

was manually mapped using the Data picker software

that sets coordinate axes in image data and measures

length and areas.13 Based on the midpoint of the

anteroposterior body–midline of the dural sac, the

ventral and posterior halves of the dural sac were

defined. Using Data picker, the low-intensity areas (ie,

nerve roots and cauda equina) in the ventral and dorsal

halves of the dural sac were separately measured

(Figure 1). The proportion of the low-intensity area in

the dorsal half to the total low-intensity area in the

ventral and dorsal halves was then calculated at the 11

levels from L2 to L5/S. In addition, narrow grade14 and

sedimentation sign,15–17 both of which have been

reported as objective evaluations of lumbar spinal canal

stenosis, were assessed in all patients in the supine

position. The details of the narrow grade have been

described in a previous study.14 Briefly, the grading was

as follows: Grade A, CSF is clearly visible inside the

dural sac but its distribution appears inhomogeneous

with sparse nerve roots and cauda equina; Grade B, the

nerve roots and cauda equina occupy the entire dural sac

but can still be individualized (some CSF is still present,

giving the sac a grainy appearance); Grade C, the nerve

roots and cauda equina cannot be individualized and the

dural sac produces a homogeneous gray signal with no

visible CSF signal (epidural fat is posteriorly present);

and Grade D, no epidural fat is posteriorly present in

addition to the nerve roots and cauda equina being

nonrecognizable. The sedimentation sign was consid-

ered negative if the nerve roots and cauda equina rested

dorsally in the dural sac and positive if the nerve roots

and cauda equina conglomerated centrally in the dural

sac rather than sedimented or rested posteriorly in the

sac owing to gravity.15–17 Because there was not

Figure 1. Measurements of the low-intensity areas in the ventral and dorsal halves in the lumbar dural sac. Focusing on lumbarMRI (T2-
weighted images, axial view), we outlined the dural sac (yellow line) and defined the midpoint of its anteroposterior diameter (green
dotted line). We measured the low-intensity areas in the ventral (red line) and dorsal (blue line) halves of the dural sac. We then
calculated the proportion of the low-intensity area in the dorsal half of the dural sac to the total low-intensity area in the ventral and
dorsal halves of the dural sac.
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sufficient intrathecal space to move the nerve roots and

cauda equina according to posture changes in patients

with narrow grades B to D, we examined the sedimen-

tation sign for respective lumbar axial images specified

as narrow grade A. We compared the narrow grade and

sedimentation sign with the proportion of nerve roots on

the dorsal side of note; lumbar levels wherein the nerve

roots and cauda equina were absent in the spinal canal

were excluded.

Some MRI findings (ie, clumped nerve roots, empty

sac appearance [roots peripherally adherent to the

meninges], and deformities of the dural sac) have been

proposed as the typical presentations of lumbar adhesive

arachnoiditis.7,8,10 However, these signs variedly emerge

in patientswith lumbar adhesive arachnoiditis; therefore,

they are not established andvalidated as useful diagnostic

symptoms. In particular, we assessed the mobility of the

nerve roots and cauda equina in this study.

Statistical Analysis

To evaluate the intrathecal mobility of the nerve roots

and cauda equina within each patient group, the

proportions between the supine and prone positions

were compared using theWilcoxon signed-rank test. The

Mann–Whitney test was used to compare the propor-

tions in both positions between the 2 groups. The chi-

squared testwas used to evaluate the severity of the spinal

canal stenosis findings (ie, the narrow grade and sedi-

mentation sign between the 2 groups). Spearman’s rank

correlation test was used to analyze the relationship

between the proportions of the dorsal nerve root areas

with the narrow grade or sedimentation sign within each

patient group. In addition, the chi-squared test was used

to evaluate the presence or absence of the classical MRI

findings indicative of lumbar adhesive arachnoiditis.

P < 0.05 was considered statistically significant.

RESULTS

There were no significant differences in terms of the

demographic characteristics between the 2 patient

groups (see Table 1). Table 2 presents the intergroup

findings between the supine and prone positions for each

patient group, as well as the intragroup differences

between these positions. At least 1 of the typical

presentations of lumbar adhesive arachnoiditis

(clumped nerve roots, empty sac appearance, or defor-

mities of the dural sac) was observed in 8 of the 17

patients in the high-risk group but none in the no-risk

group. In the no-risk group, the proportion of the low-

intensity area in the dorsal half of the dural sac in the

supine position was significantly higher than that in the

prone position at all lumbar levels, indicating that

intrathecal mobility of the nerve roots and cauda equine

occurs in the gravitational force direction (see Table 2

and Figure 2). At the majority of lumbar levels in the

high-risk group, there were significant differences

between the 2 positions. There was also a significant

difference at all levels in the high-risk group compared

with that in the no-risk patient group. However, the

proportion of the low-intensity area in the dorsal half of

the dural sac in the prone position was comparable with

that in the supine position at the L5 middle and L5/S

levels (Figure 3).

Comparing the 2 patient groups, in the supine

position, no differences were observed in the propor-

tions in the dorsal half of the dural sac at all lumbar

levels (see Table 2). At the L4 upper, L4 middle, L5

middle, and L5/S levels in the prone position, compared

with the no-risk group, the high-risk group displayed a

larger proportion of low-intensity areas in the dorsal

half of the dural sac (see Figure 3).

Regarding conventional imaging indices of lumbar

spinal canal stenosis, no significant differences were

Table 2. Lumbar MRI Findings in Patients With and
Without Known Risk Factors for Lumbar Adhesive
Arachnoiditis

Level Position High-risk Group No-risk Group P Value†

L2 middle Supine 70.5 [52.6,84.7]**, ‡ 72.8 [46.9,88.3]**, ‡ 0.99
Prone 22.7 [0.0,33.1]‡ 0.9 [0.0,13.6]‡ 0.12

L3 middle Supine 81.6 [54.3,92.4]**, ‡ 76.1 [59.4,91.8]**, ‡ 0.81
Prone 38.1 [2.3,50.4]‡ 11.2 [0.0,32.5]‡ 0.10

L3/4 Supine 66.4 [44.3,79.6]**, ‡ 70.1 [47.8,84.1]**, ‡ 0.32
Prone 22.7 [12.7,44.3]‡ 11.1 [0.0,39.0]‡ 0.06

L4 upper Supine 70.9 [54.4,86.4]**, ‡ 65.0 [47.3,83.4]**, ‡ 0.56
Prone 34.8 [18.7,51.8]‡ 16.8 [2.4,32.8]‡ 0.02

L4 middle Supine 71.9 [54.1,79.3]**, ‡ 71.0 [54.9,78.7]**, ‡ 0.68
Prone 44.4 [26.2,64.8]‡ 14.0 [7.0,29.9]‡ 0.01

L4 lower Supine 67.7 [56.8,77.9]**, ‡ 59.1 [50.5,72.4]**, ‡ 0.49
Prone 37.7 [23.4,60.4]‡ 17.7 [11.3,42.8]‡ 0.05

L4/5 Supine 51.2 [42.7,69.7]*, ‡ 49.8 [36.6,57.2]**, ‡ 0.40
Prone 30.5 [21.8,47.8]‡ 23.0 [16.4,28.5]‡ 0.08

L5 upper Supine 50.6 [40.4,71.8]**, ‡ 51.7 [46.7,64.6]**, ‡ 0.99
Prone 33.3 [22.0,44.4]‡ 26.6 [15.6,43.2]‡ 0.33

L5 middle Supine 54.8 [43.3,70.1]‡ 41.5 [32.4,51.2]**, ‡ 0.07
Prone 45.1 [30.0,58.5]‡ 16.9 [2.0,28.7]‡ 0.03

L5 lower Supine 58.7 [37.1,70.3]**, ‡ 45.9 [30.8,52.1]**, ‡ 0.13
Prone 30.7 [8.9,56.7]‡ 23.5 [7.0,32.1]‡ 0.28

L5/S Supine 36.7 [32.9,47.7]‡ 35.9 [23.8,47.4]**, ‡ 0.69
Prone 27.9 [6.6,49.7]‡ 7.8 [0.0,29.1]‡ 0.03

The values indicate the proportion of the low-intensity area in the dorsal half of the
dural sac to the total low-intensity area in the dural sac. Data are presented as medians,
with 25th and 75th percentiles, respectively, presented in brackets.
P values were obtained from the †Mann–Whitney test between 2 patient groups or the
‡Wilcoxon signed-rank test for intergroup comparisons (*P < 0.05, **P < 0.01).
Bold values is shown when there is a significant difference between the two groups in
the same body position.
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observed in the narrow grade between the high- and

no-risk groups; further, there were no significant

differences in the sedimentation sign at all lumbar

levels except for L5 upper (Table 3). In the no-risk

group, some lumbar levels exhibited a significant

correlation of the narrow grade with the rootlet

proportion of the dorsal half of the dural sac in the

supine position. This correlation was not significant in

the prone position. In the high-risk group, no rela-

tionship was observed between the narrow grade and

rootlet proportion under the supine and prone posi-

tions. In addition, some significant relationships were

observed between the rootlet proportion and the

sedimentation sign in the supine position in both

groups. However, in the prone position, no significant

relationship was observed between the sedimentation

sign and proportion of fine roots in either group.

Table 4 shows the number of the patients positive or

negative for the typical MRI findings in each group. Of

the typical findings, a patient was considered to have

positive findings if at least 1 finding was observed.

However, if none of the 3 findings were observed, a

patient was considered to have negative findings. The

high-risk group was more strongly suspected with

lumbar adhesive arachnoiditis (P = 0.0037).

DISCUSSION

Here, by focusing on the intrathecal mobility of the

nerve roots and cauda equina, we assessed whether

A B

C D

Figure 2. Demonstration of axial T2-
weighted magnetic resonance images
of the L4 middle level in the supine
and prone positions in patients with or
without known risk factors for lumbar
adhesive arachnoiditis. The upper
panels (A and B) are images from a
single patient without known risk
factors for the condition. The lower
panels (C and D) depict the results for a
single patient with a known risk factor
(ie, lumbar spinal surgery) for the
condition. Arrows indicate the
gravitational force direction. MRI
evaluations with postural changes
can help visualize the intrathecal
mobility of the lumbar nerve roots
and cauda equina. LAA, lumbar
adhesive arachnoiditis.
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lumbar adhesive arachnoiditis could be diagnosed using

MRI in the supine and prone positions. MRI with T2-

weighted imaging axial views revealed that in the prone

position, the nerve roots and cauda equina were

primarily located in the ventral half of the subarachnoid

space in patients without known risk factors for lumbar

adhesive arachnoiditis; however, in the supine position,

they were located primarily in the dorsal half. Our

results indicated that the nerve roots and cauda equina

move in the gravitational force direction. In the high-risk

Table 3. Proportion of Patients With Each Narrow Grade and Sedimentation Sign at Each Vertebral Level

Level Group

Narrow Grade Sedimentation Sign

A B C D P Value* Supine Prone + � P Value* Supine Prone

L2 middle High-risk 14 3 0 0 0.06 P = 0.02†

r = �0.57
P = 0.59
r = 0.16

6 8 0.69 P = 0.35
r = �0.29

P = 0.49
r = 0.22

No-risk 18 0 0 0 — — 9 9 P < 0.01†

r = �0.87

P = 0.78
r = 0.07

L3 middle High-risk 14 3 0 0 0.26 P = 0.44
r = �0.21

P = 0.58
r = 0.16

6 8 0.57 P = 0.04†

r = �0.57
P = 0.47
r = �0.22

No-risk 17 1 0 0 P = 0.22
r = �0.30

P = 0.92
r = 0.02

9 8 P < 0.01†

r = �0.87
P = 0.88
r = 0.50

L3/4 High-risk 13 3 1 0 0.86 P < 0.01†

r = �0.66
P = 0.60
r = 0.14

4 9 0.23 P = 0.01†

r = �0.72
P = 0.44
r = �0.25

No-risk 13 3 2 0 P < 0.01†

r = 0.71
P = 0.01†

r = 0.60
7 6 P < 0.01†

r = �0.86
P = 0.71
r = �0.10

L4 upper High-risk 15 1 1 0 0.15 P = 0.04†

r = �0.49
P = 0.86
r = 0.05

7 8 0.66 P < 0.01†

r = �0.74
P = 0.46
r = �0.22

No-risk 13 5 0 0 P < 0.01†

r = �0.75
P < 0.01†

r = 0.69
5 8 P = 0.01†

r = �0.76
P = 0.64
r = 0.15

L4 middle High-risk 15 2 0 0 0.41 P = 0.08
r = �0.45

P = 0.94
r = �0.04

7 8 0.84 P = 0.01†

r = �0.71
P = 0.61
r = �0.16

No-risk 14 4 0 0 P = 0.01†

r = �0.59
P = 0.54
r = 0.16

6 8 P = 0.06
r = �0.54

P = 0.08
r = 0.50

L4 lower High-risk 15 4 0 0 0.41 P = 0.13
r = �0.41

P = 0.82
r = �0.07

9 6 0.88 P = 0.01†

r = �0.66
P = 0.27
r = �0.32

No-risk 14 4 0 0 P < 0.01†

r = �0.67

P = 0.05
r = 0.46

8 6 P < 0.01†

r = �0.82

P = 0.10
r = 0.47

L4/5 High-risk 15 2 0 0 0.19 P = 0.06
r = �0.49

P = 0.60
r = �0.16

12 3 0.12 P = 0.04†

r = �0.54
P = 0.54
r = �0.19

No-risk 11 3 3 1 P < 0.01†

r = �0.66
P = 0.85
r = 0.06

11 0 — —

L5 upper High-risk 14 3 0 0 0.76 P = 0.03†

r = �0.54

P = 0.61
r = �0.16

8 6 0.03 P = 0.01†

r = �0.72

P = 0.95
r = �0.04

No-risk 14 3 0 1 P = 0.03†

r = �0.52
P = 0.59
r = 0.16

13 1 P = 0.29
r = �0.38

P = 0.71
r = �0.17

L5 middle High-risk 14 3 0 0 0.29 P = 0.12
r = �0.41

P = 0.44
r = �0.21

10 4 0.19 P = 0.07
r = �0.51

P > 0.99
r = 0

No-risk 12 6 0 0 P = 0.14
r = �0.36

P < 0.01†

r = 0.74
11 1 P = 0.17

r = �0.48
P > 0.99
r = 0.05

L5 lower High-risk 13 4 0 0 0.21 P = 0.25
r = �0.31

P = 0.64
r = �0.13

12 1 0.90 P = 0.46
r = �0.31

P = 0.31
r = �0.39

No-risk 11 4 3 0 P < 0.01†

r = �0.66
P = 0.67
r = 0.11

10 1 P = 0.17
r = �0.48

P = 0.83
r = 0.13

L5/S High-risk 12 3 0 0 0.31 P = 0.92
r = 0.05

P = 0.67
r = 0.13

11 1 0.83 P = 0.33
r = �0.39

P = 0.50
r = �0.31

No-risk 16 1 1 0 P = 0.73
r = �0.09

P = 0.92
r = 0.03

15 1 — —

Data are presented as the number of patients with each narrow grade and sedimentation sign in each group.
*P values were obtained from the chi-squared test between 2 patient groups.
†P values and correlation coefficients (r) for the supine and prone positions were obtained from Spearman’s rank test and r between the narrow grade or sedimentation sign and the
proportion of dorsal nerve roots for the respective groups; P < 0.05 (r with significant differences are shown in bold).

Figure 3. Box plots showing the proportion of the nerve roots and cauda equina remaining on the dorsal side at the specific lumbar
levels. Box plots show the median with the first and third quartiles of the ratio of the low-intensity area in the dorsal half of the dural
sac to the total low-intensity area in the ventral and dorsal halves of the dural sac in patients with (black boxes; high-risk group, n = 17)
and without known risk of lumbar adhesive arachnoiditis (gray boxes; no-risk group, n = 18). The bars indicate the 10th and 90th
percentiles. P values indicating significant differences between the 2 groups are shown.
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group, in the supine position, the nerve roots and cauda

equina were located in the dorsal half of the subarach-

noid space, which was comparable with the patients in

the no-risk group. However, in the prone position, they

were still located in the dorsal half at lumbar levels

below L4. Our findings indicate that the intrathecal

mobility of nerve roots and the cauda equina is reduced

in patients at a high risk for lumbar adhesive arach-

noiditis. The no-risk group exhibited lumbar spinal

canal stenosis and certainly displayed some relationships

among the rootlet proportion in the posterior half of the

dural sac and these indices in the supine position.

However, most of these relationships were not observed

in the prone position. Although the majority of our high-

risk participants had previously undergone lumbar spine

surgery, conventional indices were not sufficiently sen-

sitive to discriminate patients at high risk from those at

no risk. Further, these indices did not indicate the

intrathecal immobility of the nerve roots and cauda

equina according to postural changes. Our findings

indicate that conventional MRI, which is usually con-

ducted only in the supine position, cannot detect this

immobility of the nerve roots and cauda equina in

patients with lumbar adhesive arachnoiditis.

Lumbar adhesive arachnoiditis presents with com-

plex clinical features. Laboratory and neurophysiolog-

ical tests are not very useful for diagnosing lumbar

adhesive arachnoiditis.7 Some MRI presentations, such

as thick and clumped nerve roots, appearance of an

empty sac, and/or central conglomeration of nerve roots

in the dural sac, have been proposed but not vali-

dated.10,18 We therefore aimed to explore novel imaging

findings to diagnose lumbar adhesive arachnoiditis in

this study. From the perspective of lumbar spinal canal

stenosis, characteristic imaging findings, such as severe

narrow grade and sedimentation signs, have been

proposed. In addition, these findings are not sensitive

enough for the discrimination of lumbar spinal canal

stenosis from lumbar adhesive arachnoiditis. For

example, the sedimentation sign can be reversed by

lumbar spine surgery, indicating that this sign only

reflects morphological deflection and possibly the

reversible mobility of the nerve roots and cauda equina

in the dural sac.15 In fact, our high-risk patients did not

exhibit these imaging findings. These signs have been

proposed for diagnosing lumbar spinal canal stenosis

but not lumbar adhesive arachnoiditis. In the present

study, the signs were not sensitive enough for diagnosing

lumbar adhesive arachnoiditis because most high-risk

patients had a normal narrow grade. Based only on

clinical symptomatology, the condition could be erro-

neously diagnosed as a spinal disease (eg, lumbar spinal

canal stenosis, spinal cord lesion, etc.). Further, some-

times the condition could also be diagnosed as psycho-

logical distress, pain, and sensory and/or motor deficits,

which are widely observed in arachnoiditis in the lower

part of the body without a spatial correlation to

individual peripheral nerve territories.

In this study, we successfully visualized the immobil-

ity of the nerve roots and cauda equina, against the effect

of gravity, in the dural sac in patients with a high risk for

lumbar adhesive arachnoiditis. Our findings support the

pathology of the condition wherein fibrous tissue

outgrowth results in a fibrous tangle that traps the

nerve roots and cauda equina in the dural sac. More-

over, our findings indicate that the condition is definitely

a neuropathic disease. The definitive diagnosis of neu-

ropathic pain currently requires observational confir-

mation of a lesion or disease of the somatosensory

nervous system.19 As mentioned previously, there is no

validated test to confirm the diagnosis; therefore, most

physicians are probably still unaware of the condition.

Comparing the lumbar MRI findings of the nerve roots

and cauda equina in the supine and prone positions and

visualizing the immobility of these structures would help

in screening and diagnosing the condition. However,

considering the small sample size of our study, conclu-

sions must be drawn cautiously. Future studies involving

Table 4. Typical Presentations of Adhesive Arachnoiditis on Lumbar MRI in Both Patient Groups

High-risk Group No-risk Group

Typical
Findings Conglomeration

Empty Sac
Appearance

Mass Replacing
Subarachnoid Space Conglomeration

Empty Sac
Appearance

Mass Replacing
Subarachnoid Space

Positive 12* 4*

6† 4† 4† 4† 0† 1†

Negative 5* 14*

Total 17 18

*P = 0.0037; P values were obtained from the chi-squared test between the 2 patient groups.
†The total number in the last row does not correspond to the total number of patients because 1 patient may have more than 1 finding.
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more patients with and without lumbar and/or leg pain

as well as with and without known risk factors for

lumbar adhesive arachnoiditis are warranted to ensure

the validity of our present MRI technique for diagnosing

lumbar adhesive arachnoiditis.

Although the classical examples of the 3 types of

MRI presentations10,18 are yet to be validated as

diagnostic markers for lumbar adhesive arachnoiditis,

our present findings support the presumption that these

imaging observations may be indicative of the typical

presentations of lumbar adhesive arachnoiditis. After

establishment of the inter- and intra-rater reliabilities of

these presentations, they may certainly become useful

for the diagnosis of lumbar adhesive arachnoiditis.

However, presently, some patients belonging to the

high-risk group did not show any of these presenta-

tions; however, they clearly presented with immobility

of the nerve roots and cauda equina, against the effect

of gravity, in the prone position. Therefore, our present

MRI paradigm might be more useful than these classic

presentations for diagnosing lumbar adhesive arach-

noiditis, though a direct comparison of the 2 is

required.

Limitations

Although, lumbar adhesive arachnoiditis generally pre-

sents with complex clinical features, no definitive signs

and symptoms have been established. In addition, no

diagnostic criteria using imaging findings of the condi-

tion have been confirmed. We included patients with

the chief complaints of lumbar and leg pain and divided

them into 2 groups based on the presence or absence of

known risk factors for lumbar adhesive arachnoiditis.

The study did not include patients who were definitively

diagnosed with lumbar adhesive arachnoiditis using a

neurosurgical maneuver. Although the visualization of

impaired mobility of the nerve roots and cauda equina

consequently reached significance at some lumbar

levels, the number of patients was small. Therefore,

this study should be considered a preliminary study,

and future studies including more patients with defini-

tive diagnoses are needed to confirm the present

findings.

CONCLUSION

We observed that the mobility of the nerve roots and

cauda equina in the dural sac is impaired at the

lumbar level in patients with a high risk for lumbar

adhesive arachnoiditis. Further, comparing the find-

ings of MRI performed in the supine and prone

positions could facilitate the early detection of lumbar

adhesive arachnoiditis. Because accurate diagnosis is a

crucial part of the integrated approach to pain

management, once lumbar adhesive arachnoiditis is

diagnosed using this approach, effective treatment

might be instituted.
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