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ORIGINAL RESEARCH
SPINE

Increased Facet Fluid Predicts Dynamic Changes in the Dural
Sac Size on Axial-Loaded MRI in Patients with Lumbar Spinal

Canal Stenosis
X H. Kanno, X H. Ozawa, X Y. Koizumi, X N. Morozumi, X T. Aizawa, and X E. Itoi

ABSTRACT

BACKGROUND AND PURPOSE: Axial-loaded MR imaging, which simulates the spinal canal in a standing position, demonstrates reductions of
the dural sac cross-sectional area in patients with lumbar spinal canal stenosis. However, there has been no useful conventional MR imaging finding
for predicting a reduction in the dural sac cross-sectional area on axial-loaded MR imaging. Previous studies have shown that increased facet fluid
is associated with the spinal instability detected during positional changes. The purpose of this study was to analyze the correlations between
facet fluid and dynamic changes in the dural sac cross-sectional area on axial-loaded MR imaging.

MATERIALS AND METHODS: In 93 patients with lumbar spinal canal stenosis, the dural sac cross-sectional area was measured by using
axial images of conventional and axial-loaded MR imaging. Changes in the dural sac cross-sectional area induced by axial loading were
calculated. The correlation between the facet fluid width measured on conventional MR imaging and the change in dural sac cross-
sectional area was analyzed. The change in the dural sac cross-sectional area was compared between the intervertebral levels with and
without the facet fluid width that was over the cutoff value determined in this study.

RESULTS: The dural sac cross-sectional area was significantly smaller on axial-loaded MR imaging than on conventional MR imaging. The facet
fluid width significantly correlated with the change in the dural sac cross-sectional area (r � 0.73, P � .001). The change in the dural sac
cross-sectional area at the intervertebral level with the facet fluid width over the cutoff value was significantly greater than that at the other level.

CONCLUSIONS: The increased facet fluid on conventional MR imaging is highly predictive of the dynamic reduction of dural sac
cross-sectional area detected on axial-loaded MR imaging in the clinical assessment of lumbar spinal canal stenosis.

ABBREVIATIONS: DCSA � dural sac cross-sectional area; LSCS � lumbar spinal canal stenosis; ROC � receiver operating characteristic

MR imaging is widely used for the clinical assessment of de-

generative lumbar spinal diseases. In evaluating the severity

of spinal canal narrowing, the dural sac cross-sectional area

(DCSA) is frequently measured by using axial MR images.1-6

However, conventional MR imaging is performed with the pa-

tient in the supine position, and the DCSA may be larger in this

position than in the standing position.3,4,7 Hence, conventional

MR imaging carries a risk of underestimating the severity of spinal

canal narrowing.3,8

Recently, the clinical usefulness of axial-loaded MR imaging

for assessing patients with lumbar spinal canal stenosis (LSCS) has

been reported.3,4 With axial-loaded MR imaging, physiologically

normal weight-bearing conditions in the upright position can be

simulated by using a compression device with the patient in the

supine position. Axial-loaded MR imaging may induce a signifi-

cant reduction in the DCSA and potentially show additional im-

aging findings that cannot be acquired on conventional MR im-

aging.3,4,6,8 The DCSA on axial-loaded MR imaging has been

reported to correlate with the severity of clinical symptoms in

patients with LSCS.9 Furthermore, previous studies have demon-

strated that a dynamic decrease in the DCSA induced by axial

loading increases the diagnostic specificity of spinal canal narrow-

ing and influences the indications for surgical treatment.4,8,10,11

Therefore, evaluating the degree of spinal canal narrowing on

axial-loaded MR imaging is beneficial for achieving a more accu-

rate diagnosis and selecting the optimal treatment. However, no
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reliable imaging findings on conventional MR imaging predict

the dynamic reduction in the DCSA.

Many previous studies have shown that the morphology of the

facet joints is associated with the segmental motion and instability

of the lumbar spine detected during positional changes in the

patient.12-15 Most interesting, recent studies have suggested that

increased fluid signals in the facet joint on conventional MR im-

ages predict instability of the lumbar spine.16-19 Therefore, in the

present study, we hypothesized that increased facet fluid signals

on conventional MR images may be correlated with significant

changes in the DCSA on axial-loaded MR images because the

lumbar spinal canal is more likely to be affected by axial loading if

the lumbar spine is unstable.

To the best of our knowledge, no previous studies have inves-

tigated the correlation between the facet fluid width and dynamic

changes in the DCSA induced by axial loading. The purpose of

this study was thus to analyze the correlation between the facet

fluid width and dynamic changes in the DCSA detected by using

axial-loaded MR imaging in patients with LSCS.

MATERIALS AND METHODS
Patients
This study prospectively included 93 consecutive patients (33

women and 60 men) referred to Sendai Nishitaga National Hos-

pital for surgical treatment. The consecutive patients were en-

rolled in this study conducted between October 2007 and Novem-

ber 2009. All of the patients had neurogenic intermittent

claudication and leg pain or numbness with associated neurologic

signs,20 in addition to radiographically confirmed lumbar spinal

canal narrowing on cross-sectional imaging. In all cases, the neu-

rologic diagnosis, such as lumbar radiculopathy and/or cauda

equina syndrome,21,22 was confirmed by �1 spine surgeon on the

basis of clinical symptoms (eg, intermittent claudication, leg pain/

numbness, and/or dysuria), neurologic findings (eg, muscle

weakness, sensory disturbance, and/or abnormal tendon reflex),

and imaging features, including assessments with plain radiogra-

phy, CT, and MR imaging of the lumbar spine. The exclusion

criteria were previous lumbar spine surgery, spondylolysis, disc

herniation, severe osteoporosis, scoliosis, polyneuropathy, arte-

rial insufficiency, and inflammatory/crystalline arthropathies.

Patients with congenital spinal anoma-

lies and spinal deformities due to spinal

trauma, infection, or tumor were also

excluded. The institutional review board

of Sendai Nishitaga National Hospital

approved this study, and informed con-

sent was obtained from all patients before

participation. At the time of the initial

evaluation, baseline characteristics, in-

cluding age, sex, height, body weight, body

mass index, and duration of symptoms,

were registered for each patient.

Conventional MR Imaging and
Axial-Loaded MR Imaging
MR imaging was performed by using a

1.5T system (Magnetom Vision; Sie-

mens, Erlangen, Germany) with a spine array coil. Axial T2-

weighted turbo spin-echo sequences were obtained. The TR and

TE were 4000 and 120 ms, the section thickness was 4 mm, and the

FOV was 200 mm. The images were obtained at the middle of each

intervertebral disc from L2–3 to L5–S1.7,9,23 The axial sections

were placed as parallel to the intervertebral discs as possible by

using sagittal T2-weighted imaging.

After the conventional MR imaging examination, axial load-

ing was applied by using an external, commercially available non-

magnetic compression device, DynaWell L-Spine (DynaWell Di-

agnostics, Las Vegas, Nevada).3,4 The compression force was

approximately 50% of the patient’s body weight, and loading was

commenced 5 minutes before and continued during the MR im-

aging examination. Using a new sagittal T2-weighted image ob-

tained in the axially loaded position, we again placed the axial

sections in the plane of each disc. Both the axial-loaded and non-

loaded MR images were acquired with straight knees to simulate a

normal upright position.7,24 To prevent flexion of the spine dur-

ing axial loading, we placed a cushion behind the lumbar

spine.7,25

Measurements of the DCSA and Facet Fluid Width
All measurements were obtained by using the OsiriX Imaging

Software program, Version 2.7 (http:// www.osirix-viewer.com).

The DCSA was measured from L2–3 to L5–S1 on the axial images

(Fig 1). The measurements were acquired 3 times, and the mean

value was calculated and used for the analysis. The measurements

were performed by an experienced spine surgeon authorized by

the Japanese Orthopaedic Association; the experimenter was

blinded to which images were loaded or unloaded. The inter- and

intraobserver reliability for the measurement of the DCSA was

confirmed as excellent in our previous study.9,23 On the basis of

the findings of previous studies,1,7,9,23 the DCSA at the most con-

stricted intervertebral level was used to represent the degree of the

spinal canal narrowing in each subject. The most constricted in-

tervertebral level that presented with the smallest DCSA on con-

ventional MR imaging was selected in each case for the data

analysis.

According to previous reports,15,17 the facet fluid was defined

as a high-intensity-signal area, closely matched to CSF on the axial

FIG 1. Measurement of the DCSA on conventional MR imaging and axial-loaded MR imaging in a
representative case. The white lines indicate the outlines of the DCSA. The DCSA changed from
67 (A) to 41 mm2 (B) due to axial loading.
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T2-weighted images obtained with conventional MR imaging.

The facet fluid width was measured at the most constricted inter-

vertebral level. The measurements were recorded perpendicular

to the joint line, and the largest value was documented as the facet

fluid width (Fig 2).15,17 The average of bilateral facet fluid width

values was calculated for each patient and used for the data

analysis.

This study also investigated the changes in the DCSA and the

facet fluid width at normal or less severely stenotic intervertebral

levels in the same subjects to compare with those at the narrowest

level. One of the intervertebral levels excluding the narrowest level

was randomly selected in each patient to prevent potential selec-

tion bias and increase comparability among the different interver-

tebral levels; then, the DCSA and the facet fluid width at the se-

lected intervertebral level were determined as described above.

Data Analysis
The DCSA values were statistically compared between the con-

ventional MR imaging and axial-loaded MR imaging. In addition,

the changes in the DCSA between the conventional and axial-

loaded MR imaging were calculated. The Pearson correlation co-

efficient between the change in the DCSA and the facet fluid width

was analyzed.

On the basis of the results of previous studies, a �15 mm2

change in the DCSA induced by axial loading was defined as a

significant change,3,4,8,11 worsening the severity of the clinical

symptoms.9 The cutoff value for the facet fluid width providing

the best combination of sensitivity and specificity for detecting a

�15 mm2 change in the DCSA at the most constricted interver-

tebral level was determined by using a receiver operating charac-

teristic (ROC) analysis. The area under the ROC curve was also

determined to evaluate the diagnostic power.

We confirmed the diagnostic capacity of the cutoff value for

the facet fluid width determined according to the ROC analysis.

All of the narrowest levels were divided into 2 groups: with facet

fluid width over or under the cutoff value. Then, the DCSA on

conventional and axial-loaded MR imaging and the changes in the

DCSA were compared between the groups.

To evaluate coexisting degenerative changes in the lumbar

spine that may affect the facet fluid width and the spinal canal

narrowing, we investigated the prevalence of a �3-mm spondy-

lolisthesis on x-rays in the standing position23 and the degree of

disc degeneration on the T2-weighted sagittal MR images26 and

statistically compared them between the 2 groups.

Statistical Methods
All statistical analyses were performed by using GraphPad Prism

software, Version 4.0c (GraphPad Software, San Diego, Califor-

nia). The differences in the DCSA were analyzed by using the

unpaired t test. Pearson correlation coefficients between the facet

fluid width and the change in the DCSA were determined. The

prevalence of the spondylolisthesis and the degree of disc degen-

eration were compared by using the �2 test. A P value � .05 was

statistically significant.

RESULTS
Baseline Characteristics and DCSA Values in All Patients
The baseline characteristics and the most constricted interverte-

bral level in all patients are summarized in Table 1. The most

constricted level was more frequently observed at L3–L4 (20%)

and L4 –L5 (71%) levels compared with the L2–3 (1%) and L5–S1

(8%) levels. The DCSA on axial-loaded MR imaging (45 � 29

mm2) was significantly smaller than that observed on conven-

tional MR imaging (57 � 28 mm2) at the most constricted level

(P � .05) (Fig 3A). At the other intervertebral levels excluding the

most constricted level, the DCSA on axial-loaded MR imaging

(107 � 41 mm2) was significantly smaller compared with that on

conventional MR imaging (101 � 40 mm2) (P � .05) (Fig 3B).

The change in the DCSA at the most constricted level (13 � 23

mm2) was greater than that at the other levels (6 � 7 mm2).

Correlation between the Facet Fluid Width and the
Changes in the DCSA
The values for the facet fluid width and changes in the DCSA for

each patient are shown in Fig 4. The narrowest intervertebral lev-

els with a greater facet fluid width generally showed larger changes

in the DCSA (Fig 4A). According to the Pearson correlation analysis,

there was a significant and good correlation between the facet fluid

width and the change in the DCSA (r � 0.73, P � .001) (Fig 4A). In

contrast, at the other intervertebral levels, there was a poor correla-

FIG 2. Measurement of the facet fluid width. The facet fluid width is
defined as a high-intensity signal area, closely matched to the CSF on
axial T2-weighted MR images. The measurements are recorded per-
pendicular to the joint line, and the largest value is documented as the
facet fluid width (white line).

Table 1: Baseline characteristics (n � 93)a

Characteristic
Age (yr) 68 � 10
Sex (male) 65%
Height (cm) 160 � 9
Body weight (kg) 64 � 11
BMI (kg/m

2
) 25 � 3

Duration of symptoms (mo) 32 � 33
The most constricted level

L2–L3 1%
L3–L4 20%
L4–L5 71%
L5–S1 8%

Note:—BMI indicates body mass index.
a Values are means or percentages.
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tion between the facet fluid width and the change in the DCSA (r �

0.31) (Fig 4B). The values of the change in the DCSA and the facet

fluid width were generally smaller at the other intervertebral levels

(Fig 4B) compared with the narrowest levels (Fig 4A).

Diagnostic Power of the Facet Fluid Width for Detecting a
>15-mm2 Change in the DCSA
The ROC analysis showed that the facet fluid width at the most

constricted intervertebral level could be used to detect a �15 mm2

change in the DCSA, with 86.1% sensitivity and 84.2% specificity

(Fig 5). The cutoff value for the facet fluid width was 1.04 mm.

The value of the area under the ROC curve (0.87) indicated that

the facet fluid width was a valid discriminator of a �15 mm2

change in the DCSA.

Comparison of the Intervertebral Levels with the Facet
Fluid Width over and under the Cutoff Value
Among the most constricted intervertebral levels, facet fluid

widths over and under the cutoff value of 1.04 mm were found at

41 (44.1%) and 52 (55.9%) levels, respectively. In the DCSA on

conventional MR imaging, there was no significant difference be-

tween the levels with a facet fluid width over and under the cutoff

value (Fig 6). On the other hand, the DCSA on axial-loaded MR

imaging was significantly smaller at the levels with a facet fluid

width over the cutoff value (34 � 22 mm2) than those with a facet

fluid width under the cutoff value (53 � 31 mm2) (P � .01) (Fig

6). The levels with a facet fluid width over the cutoff value showed

significantly larger changes in the DCSA (20 � 11 mm2) com-

pared with those with a facet fluid width under the cutoff value

(7 � 6 mm2) (P � .05) (Fig 7).

The prevalence of spondylolisthesis was significantly higher

among the intervertebral levels with a facet fluid width over the

cutoff value (73%) than among those with a facet fluid width

under the cutoff value (31%) (P � .001) (Table 2). There was no

significant difference in the degree of disc degeneration between

the 2 groups (Table 3).

Among the other intervertebral levels excluding the narrowest

level, facet fluid widths over and under the cutoff value were

found at 15 (16%) and 78 (84%) levels, respectively. The change

in the DCSA was significantly larger at the levels with a facet fluid

width over the cutoff value (11 � 9 mm2) compared with those

with a facet fluid width under the cutoff value (5 � 7 mm2) (P �

.01).

FIG 3. Comparison of the DCSA values between conventional and
axial-loaded MR imaging. The DCSA on axial-loaded MR imaging is
significantly smaller than that noted on conventional MR imaging at
the narrowest intervertebral level (A) and at the other level (B). The
asterisk indicates P � .05; the error bars, the SD.

FIG 4. Facet fluid width and change in the DCSA in each patient. At
the most constricted intervertebral level (A), there is a significant and
good correlation between the facet fluid width and the change in the
DCSA (Pearson correlation coefficient � 0.73). In contrast, there is a
poor correlation at the other level (B) (Pearson correlation coeffi-
cient � 0.31).

FIG 5. ROC curve for the facet fluid width for detecting a significant
change in the DCSA at the most constricted intervertebral level. The
area under the ROC curve is 0.87.

FIG 6. Comparison of the DCSA between the intervertebral levels with
facet fluid widths over and under the cutoff value. In the DCSA on con-
ventional MR imaging, there is no significant difference between the
levels with facet fluid widths over and under the cutoff value of 1.04 mm.
On the other hand, the DCSA on axial-loaded MR imaging is significantly
smaller at the levels with a facet fluid width over the cutoff value than
those with a facet fluid width under the cutoff value. Asterisk indicates
P � .05; error bars, the SD; N.S., not significant.
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DISCUSSION
Previous studies have shown that axial-loaded MR imaging dem-

onstrated a significant reduction in the size of the dural sac com-

pared with conventional MR imaging.3,4 It has also been reported

that axial-loaded MR imaging potentially produces additional

imaging findings that cannot be obtained with conventional MR

imaging.4,6,8,27 Most important, the dynamic change in the DCSA

detected on axial-loaded MR imaging is more strongly correlated

with the severity of clinical symptoms compared with that noted

on conventional MR imaging in patients with LSCS.9 Further-

more, the use of axial-loaded MR imaging increases the diagnostic

specificity for detecting degenerative diseases in the lumbar spine

and influences the indications for surgical treatment.7,10 There-

fore, evaluating the degree of narrowing of the lumbar spinal ca-

nal by using axial-loaded MR imaging may be beneficial for ob-

taining a more accurate diagnosis and selecting the optimal

treatment.7,8,11,28 However, it remains unclear whether any spe-

cific pathologic factors increase the dynamic change in the DCSA

induced by axial loading to the lumbar spine. It also remains un-

known whether any useful imaging findings on conventional-

loaded MR imaging predict the dynamic change in the DCSA.

Many previous studies have suggested that the presence of

increased fluid signals in the facet joint on conventional MR im-

ages predicts instability of the lumbar spine.17-19 In the present

study, we hypothesized that an increased facet fluid width may be

correlated with the dynamic change in the DCSA on axial-loaded

MR imaging because the morphology of the lumbar spinal canal is

more likely to be affected by axial loading if the lumbar spine is

unstable. Most interesting, our results showed that the facet fluid

width strongly correlates with the change in the DCSA induced by

axial loading at the most constricted intervertebral level. This

finding indicates that patients with a greater facet fluid width tend

to show larger changes in the DCSA. Thus, the increased facet

fluid width associated with spinal instability may be, at least in

part, a pathologic feature increasing the dynamic change in the

dural sac size during axial loading in patients with LSCS.

In the current study, the cutoff value of 1.04 mm for the facet

fluid width showed both high sensitivity (86.1%) and specificity

(84.2%) for detecting a significant change in the DCSA. Indeed,

this study demonstrated that the levels with a facet fluid width

over the cutoff value showed significantly larger changes in the

DCSA compared with the other levels. These results indicate that

a cutoff value of 1.04 mm for the facet fluid width on conventional

MR imaging is a useful finding for predicting a significant change

in the DCSA detected by using axial-loaded MR imaging in the

clinical assessment of patients with LSCS.

Previous studies have also suggested that axial-loaded MR im-

aging provides useful findings in making a more accurate diagno-

sis of lumbar degenerative diseases and can be helpful for deter-

mining the appropriate course of treatment.6-8,10,11,28 However,

in the current study, similar to previous reports,4,7,9 not all pa-

tients showed a significant difference in the DCSA between con-

ventional and axial-loaded MR imaging. Therefore, which pa-

tients actually require an examination with axial-loaded MR

imaging in addition to conventional MR imaging should be clar-

ified. The results of this study suggest that additional imaging

examinations, such as those with axial-loaded MR imaging and

upright myelography, should be considered in patients with a

facet fluid width over the cutoff value on conventional MR imag-

ing, to prevent the risk of underestimating the degree of spinal

canal narrowing.

This study has several limitations. First, the study population

included a small number of patients with LSCS, though all cases

were consecutively included and analyzed prospectively. Baseline

characteristics of the patient population such as height, weight,

and body mass index will vary widely in different countries/na-

tions; therefore, the results of this study may not be applicable to

any other patient groups. This study did not evaluate an asymp-

tomatic population for comparison. The lack of a control popu-

lation limits the clinical implications and usefulness of the results

in this study. Further study including an asymptomatic popula-

tion will provide firm evidence to support the clinical significance

of the results in the assessment of patients with suspected LSCS.

FIG 7. Comparison of the changes in the DCSA induced by axial load-
ing between the intervertebral levels with facet fluid widths over and
under the cutoff value. The levels with a facet fluid width over the
cutoff value show significantly larger changes in the DCSA compared
with those with a facet fluid width under the cutoff value. Asterisk
indicates P � .05; error bars, the SD.

Table 2: Prevalence of spondylolisthesis at the intervertebral
levels with facet fluid width over and under the cutoff valuea

Facet Fluid Width

Over the Cutoff
Value (n = 41)

Under the Cutoff
Value (n = 52)

With spondylolisthesis 30 (73%) 16 (31%)
Without spondylolisthesis 11 (27%) 36 (69%)

a Values are the number of intervertebral levels and percentages. There is a significant
difference (�2 test, P � .001).

Table 3: Disc degeneration at the intervertebral levels with facet
fluid width over and under the cutoff valuea

Classification of Pfirrmann
et al26 for Disc
Degeneration

Facet Fluid Width

Over the Cutoff
Value (n = 41)

Under the Cutoff
Value (n = 52)

Grade 3 10 (24%) 9 (17%)
Grade 4 22 (54%) 26 (50%)
Grade 5 9 (22%) 17 (33%)

a No intervertebral level was classified as grade 1 or 2. Values are the number of
intervertebral levels and percentages. There is no significant difference (�2 test,
P �.46).
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Second, degeneration of the facet joint can be an important factor

associated with the facet fluid width and segmental instability;

therefore, it is potentially related to the change in the DCSA dur-

ing axial loading. However, this study did not analyze facet joint

degeneration. Third, configuration of the facet joint is different

depending on various factors such as the intervertebral level and

degree of joint degeneration.13 The method of measuring the facet

fluid width may not be accurate in this study because the axial

image is not perfectly perpendicular to the facet joint.

CONCLUSIONS
The present study demonstrated that the facet fluid width is sig-

nificantly correlated with the change in the DCSA induced by

axial loading. In this study, the patients with greater facet fluid

widths tended to show larger changes in the DCSA. A cutoff value

of 1.04 mm for the facet fluid width on conventional MR imaging

may be a useful predictor of a significant change in the DCSA

obtained on axial-loaded MR imaging in the clinical assessment of

patients with LSCS. The present findings also suggest that addi-

tional imaging examinations, such as axial-loaded MR imaging

and upright myelography, should be considered in patients with a

facet fluid width over the cutoff value to prevent the risk of un-

derestimating the degree of spinal canal narrowing and determine

the optimal treatment.

Disclosures: Eiji Itoi—UNRELATED: Board Membership: Board of Trustees, J Shoul-
der Elbow Surg.
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