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Objective: To describe spinal epidural lipomatosis (SEL) of the lumbar region and evaluate the relative versus
absolute values of epidural fat (EF) to determine which is more appropriate when using magnetic resonance
imaging (MRI).
Design: Comparative study.
Setting: Hospital.
Participants: Eight SEL patients and 40 healthy adults.
Interventions: MRI measurement of EF.
OutcomeMeasures: TheMRI-based EF thickness, cutoff value, and coefficient of variation (CV) were calculated.
Frequency distribution maps for the absolute EF value and the relative EF/DuS value were created.
Results: SEL involved L3 − L4 in all cases. The mean EF thickness was 12.11 ± 2.28 mm (range: 9.91 −
16.86 mm), and the average diameter of the dural sac (DuS) was 20.02 ± 2.64 mm; the EF/DuS ratio was
0.61 ± 0.03. In controls, the average EF thickness was 7.35 ± 1.68 mm (range: 4.81 − 10.92 mm), and the
average DuS was 20.86 ± 2.11 mm; the EF/DuS ratio was 0.35 ± 0.08. The relative and absolute values were
significantly higher in the SEL group than in the normal group. A cutoff value of 9.8 mm could distinguish SEL
patients from normal individuals. For the SEL group, the CV of the relative values (4.9%) was lower than that
of the absolute values (18.8%). The frequency distribution map showed that the distribution of relative values
was more concentrated than that of the absolute values for both groups.
Conclusion: Based on the frequency distribution and CVs, the relative value of EF/DuS maybe a better measure
for diagnosing SEL than the absolute EF value.
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Introduction
Spinal epidural lipomatosis (SEL) is characterized by
excessive spinal epidural fat deposition. SEL was first
described in 1975, affecting a patient’s lumbar region.1

The disease is typically first identified because com-
pression of the spinal cord results in back pain, nerve
root symptoms, and neurogenic claudication; however,
it can also cause no clinical symptoms.

Epidural fat increases for many reasons. Intraspinal
epidural steroid injections can increase local epidural
fat, leading to a series of corresponding clinical symp-
toms.2,3 Recent studies have revealed an association
between SEL and symptoms of Cushing’s syndrome4

and exogenous hormone intake.5–7 Moreover, 70% of
people with obesity are affected.8 Epidural fat and con-
genital spinal stenosis may be associated,9 but in many
cases, there are no clear predisposing factors.8

Treatment of SEL mainly involves non-surgical man-
agement, such as weight-loss in overweight patients4,10

and tapering of steroid administration, if possible,11

and surgical decompression when necessary.12

Usually, SEL is diagnosed based on computed tom-
ography (CT) or magnetic resonance imaging
(MRI).13–15 Pinkhardt et al.16 and Borre et al.17 found
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that SEL in the lumbar region can be diagnosed if the
epidural fat (EF)/anteroposterior diameter of the dural
sac (DuS) exceeds 40%. Quint et al. diagnosed SEL
based on MRI findings of EF thickness exceeding
6 mm in the posterior epidural space of the dorsal area
with compression of the spinal cord in sagittal sections.18

Kumar et al.19 proposed that EF exceeding 7 mm at the
dorsal thoracic sac is diagnostic for SEL. However, it is
not clear whether it is better to use the absolute value of
EF thickness or to use Borre’s relative value.
SEL may affect the thoracic or lumbar spine. In a

study by Al-Khawaja et al.8 involving 49 cases of idio-
pathic SEL and 62 cases of secondary SEL, 65% and
35%, respectively, involved the lumbar region.
However, the study did not report which particular
region of the lumbar spine was most frequently involved
or the average EF value according to location.
This study aimed firstly to describe the range of MR

findings in patients with SEL, and secondly, to assess
differences in these findings compared to normal indi-
viduals and to define diagnostic criteria based on such
measures.

Materials and methods
Subjects
Data from 1698 patients attending our hospital from
March 2011 to March 2015, who underwent MRI
because of lumbosacral pain, were retrospectively
reviewed; of these, 63 patients were diagnosed with
SEL by clinicians, and 8 of these patients had L3/L4
level epidural compression. MR images were used for
diagnosing SEL using Borre et al.’s system [6]. Patients
were assigned to 1 of the following 4 grade levels by
measuring EF and DuS: normal; lumbar epidural lipo-
matosis (LEL) grade 0: EF/DuS index ≤ 40%; LEL
grade I: EF/DuS index 41 − 50% (mild EF over-
growth); LEL grade II: EF/DuS index 51 − 74% (mod-
erate EF over-growth); and LEL grade III: EF/DuS
index ≥ 75% (severe EF overgrowth). Half of the SEL
patients were male, and the patients age ranged from
47 to 68 years (mean age: 56.0 ± 5.9 years). The main
clinical manifestations were numbness and weakness
or tingling, lumbago, and pain in the flanks. Two
patients presented with urinary incontinence and 2 had
muscular atrophy in asymmetric limbs (Table 1).
We also collected MRI data of the lumbar segment

(T12 − S1) from 200 normal adults attending our hospi-
tal from July 2012 toMarch 2015. By number randomiz-
ation, we selected a sample of 40 cases consisting of 20
males and 20 females aged 21 − 55 years with an
average age of 36.1 ± 13.8 years. The inclusion criteria
were as follows: (1) no malformation of the spine; (2)

no prolapse or bulging of the lumbar intervertebral
discs; (3) no lumbar spinal stenosis; (4) no space-occupy-
ing lesions in the spinal canal; (5) no thickening, calcifica-
tions, or osteoproliferation of the ligamentum flava; and
(6) no long-term history of glucocorticoid use or
Cushing’s syndrome.

Equipment and technology
We used a GE (Milwaukee, WI, USA) 1.5 T MRI
scanner with a lumbar coil. The field of view was

Table 1 Demographic and clinical data of the 8 SEL patients in
this study.

Number sex
age/
BMI

Clinical
symptoms

Site of fat
increase as
determined
by MRI

EF/Spi C
index, Borre
classification

1 M 55/
21.2

Lumbago,
right leg pain,
numbness
and
weakness

posterior of
L3/L4–L4/
L5

13.78/22.90,
60.2%, II

2 M 65/
19.7

Left lower
limb
weakness,
numbness,
pins and
needles
sensation,
sensory loss

Posterior of
L3/L4–L4/
L5

10.78/16.42,
65.7%, II

3 F 50/
27.9

Pain and
numbness in
the
lumbosacral
region

Posterior of
L3/L4

11.54/19.33,
59.7%, II

4 F 51/
20.5

Lumbago,
backache,
heaviness in
the chest and
back, foot
dorsiflexion
weakness

posterior of
L3/L4–L4/
L5

11.57/19.58,
59.1%, II

5 F 37/
26.4

Low back
pain, leg pain

Posterior of
L3/L4–L4/
L5, anterior
of L4-S1

16.0/21.77,
73.4% III

6 F 73/
24.3

Pain in the
lumbosacral
region and
pain in both
legs.

Posterior of
L3/L4

11.17/18.13,
61.6%, II

7 M 65/
25.4

Left lower
limb
weakness,
numbness,
pins and
needles
sensation

Posterior of
L3/L4

9.90/17.35,
57.0% II

8 M 60/
20.9

Lumbago,
thigh and leg
numbness,
right leg pain,
muscle
atrophy,
bladder
dysfunction

posterior
and anterior
of L3–S1

16.86/26.74,
63.1% II
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32 cm × 32 cm, the matrix was 512 × 512, the scanning
thickness was 4 mm, and the scanning gap was
0.5 mm. MRI inspection of all cases included a spin
echo sequence, T1-weighted imaging (T1WI) sagittal
view TR/TE = 540/7.9 ms, fast spin echo sequence,
T2WI sagittal view and axial view, TR/TE = 2620/
102 ms, and fat suppression sequence sagittal view for
5 cases, TR/TE = 3000/54.2 ms.

Observations and statistical methods
The lumbar EF thickness was measured by 3 experi-
enced radiologists who were blinded to the diagnosis.
They observed the signals, patterns, and distribution of
fat in the spinal canal in the lumbar region and recorded
the thickness of the EF in the spinal canal at the L3/L4
level, including the thickness of the DuS. The values
were measured on T1WI sagittal views in the horizontal
plane of the intervertebral disc segments. To establish
reproducible measurements of the DuS and EF for
each patient, the following 2 linear measurements were
obtained at the midline: (1) the DuS and (2) the antero-
posterior diameter of the EF located dorsally to the DuS
(EF). The relative values were calculated as EF/DuS.
Kappa tests were used to assess the agreement of

measurements among the 3 radiologists. SPSS19.0 stat-
istical software (SPSS Inc., Chicago, IL) was used for
statistical analysis. When kappa ≥ 0.75, we used the
average of the 3 reported data points. The independent
samples t-test was applied for comparison of measure-
ments between the SEL group and the normal group.
The coefficient of variation (CV) was calculated for

the absolute and relative values (EF/DuS) in the SEL
group. The frequency distribution was presented as
box plots for the absolute and relative values for both
the SEL and the control groups. The sensitivity and
specificity of the absolute and relative values were then
determined and compared.

Results
MRI performance
For the 8 SEL cases, the fat at the mid-sagittal diameter
was hyper-intense on T1WI and hypo-intense on T2WI;
and on STIR MRI; the fat tissue was mainly distributed
around the DuS. In 6 SEL cases, the EF was located in
the posterior region at the L3/L4 level. Dorsal EF was
seen in 6 cases, also located at L3/L4, and 2 cases had
overgrowth of EF in the anterior and posterior regions
of the epidural sac that affected the spinal cord and
resulted in cauda equina nerve compression. The epi-
dural sac was compressed into a “Y”-shape or star-
shape,20 as shown in Fig. 1A and B, respectively, and
the DuS was narrow (Fig. 2A,B). At the L3/L4 level,
the average thickness of the fat posterior to the DuS
was 2.11 ± 2.28 mm (range: 9.91 − 16.86 mm). The
average spinal canal diameter was 20.02 ± 2.64 mm
(range: 16.07 − 26.74 mm). The ratio of the former to
the latter measurements was 0.61 ± 0.03.
In the 40 normal controls, fat in the anterior DuS was

distributed less similar to a strip or crescent; rather, the
fat was mainly located posterior to the epidural space in
the shape of spindles and scattered segments, with the
thickest level at L3/L4 or L4/L5. At the L3/L4 level,

Figure 1 (A) The posterior spinal epidural lipomatosis is Y-shaped in the axial view, which is clearly thicker than in normal
adults. (B) Spinal epidural lipomatosis is seen as a star-shaped structure in the axial view.

Ge et al. Comparison of relative and absolute values of magnetic resonance imaging in the diagnosis of spinal epidural lipomatosis

The Journal of Spinal Cord Medicine 2019 VOL. 42 NO. 4504



the average thickness of the fat posterior to the DuS was
7.35 ± 1.68 mm (range: 4.81 mm − 10.92 mm) and a
95% confidence interval (CI) of 6.94 − 7.59 mm. The
average diameter of the spinal canal was 20.86 ±
2.11 mm (range: 11.33 − 25.56 mm). The ratio of the
former to the latter values for normal controls was
0.35 ± 0.08.

Statistical comparisons
The kappa values for EF and DuS were 0.87 and 0.91,
respectively; therefore, statistical analyses were per-
formed using the average measurements of the 3

radiologists. An independent single-sample t-test was
used for the SEL group and control group for both
the absolute and the relative values, which revealed sig-
nificant differences between the 2 groups for both values
(Table 2). An ROC curve for the EF value of normal
controls and SEL patients indicated a cutoff value for
distinguishing between normal controls and SEL
patients was 9.6 mm (Fig. 3), with a sensitivity and
specificity of 100% and 90.2%, respectively.
The CV of the SEL group was also calculated for the

absolute and relative values (Table 2). The frequency
distributions for the absolute and relative values for
both groups were plotted as box plots (Fig. 4). For
both groups, the frequency distribution was more
strongly clustered and more closely approximated the
normal distribution for the relative values than the
absolute values, without overlap between normal and
SEL groups. However, the plots of the absolute values
showed a more discrete distribution in the SEL group,
with a wider distribution range, and with greater
overlap between groups.

Discussion
When SEL occurs in the L3/L4 epidural region, it is
often overlooked as a cause of neurological symptoms
and is inconsistently reported in radiology reports.20

Figure 2. A 55-year-old male with a spinal epidural lipomatosis. (A) T1WI sagittal view; (B) axial T2WI view. Epidural fat (EF) and
dural sac dimensions were measured on the T1WI sagittal view, drawn as a line at the level of the L3/L4 intervertebral disc. Between
the blue lines is the spinal canal depth. The dural sac dorsal fat at the level of the L3/L4 intervertebral disc protrudes anteriorly with a
characteristic arc (shown as the red curve). (1) Representative dural sac dimensions. (2) Representative posterior epidural fat. The
dural sac is compressed and flattened.

Table 2 Comparison of the relative and absolute values of
epidural thickness between patients with SEL and normal adult
controls.

Absolute value (mm, X̄ ± S)
Relative value
(EF/Spi C

index, X̄± S)
Epidural fat
thickness

Diameter of the
dural sac

SEL 12.11 ± 2.28 20.02 ± 2.64 0.61 ± 0.03
Control 7.35 ± 1.68 20.86 ± 2.11 0.35 ± 0.08
t-test (t-
value, P-
value)

6.92, 0.000 −0.903, 0.371 9.10, 0.000

SEL CV (S/
X̅)

18.8% — 4.9%

SEL, spinal epidural lipomatosis; CV, coefficient of variation.
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With the advances in MRI technology in recent years,
excessive fat can now be clearly displayed on multi-
sequence MRI,3,5,6,15–17,21 and SEL is increasingly
recognized and diagnosed.
Four causal associations have been reported for SEL:

exogenous steroid use, obesity, endogenous excess
steroid or Cushing syndrome, and idiopathic causes.22

Mostly occurring in the lumbar spine, idiopathic SEL
is less common than secondary SEL.23 Kumar has pro-
posed that SEL can be diagnosed if the following con-
ditions are satisfied: (1) Medical history and physical
examination show a compressed spinal cord; (2) MRI
results show a marked increase in EF in successive
bands or binding or spindle patterns, with an

anteroposterior diameter exceeding 7 mm and narrow-
ing or disappearance of the dorsal thecal sac due to
compression; and (3) body mass index (BMI) exceeds
27.5 kg s.2 Our results suggest that when the SEL
involves the L3/L4 segment, an EF of 9.8 mm is a
reasonable cutoff value. In our 8 SEL patients, 3 had
a BMI greater than 23 kg B−2 (defined as overweight;
2 females and 1 male); thus, we speculate that BMI
may be related to SEL.
As expected, both the EF and the EF/DuS index in

the SEL group were significantly higher than those in
the normal group. We found that the average value of
EF on the L3/L4 segment of SEL patients was
12.11 ± 2.28 mm, which was significantly greater than
that of normal adults (7.35 ± 1.68 mm).
When comparing the specificity and sensitivity of

both the absolute and relative values for the diagnosis
of SEL in the 48 individuals, we found that the highest
sensitivity and specificity values were obtained (100%
and 90.2%, respectively) when using EF > 9.8 mm as
a cutoff. It is not clear why this value was larger than
the 6 mm and 7 mm cutoff values advocated by Quint
et al.8 and Kumar et al.,9 respectively; however, there
are 2 possible reasons. First, our 8 cases were severe
(grade II or III according to Borre et al.17), as moder-
ately affected patients may not seek medical attention.
Second, the L3/L4 region accumulates more fat than
other spinal segments.
The CV of the absolute value was greater than that of

the relative value (18% and 4.9%, respectively); thus, the
absolute value tended to be more variable while the rela-
tive ratios were more clustered. The frequency distri-
bution of the absolute values in the SEL group had a
wide range, overlapping with that of the normal

Figure 3 The receiver operating curve (ROC) curve based on
epidural fat measurements using sensitivity as the vertical
coordinate and 1-specificity as horizontal coordinate; the area
under the curve is 0.915.

Figure 4 Frequency distribution of relative (A) and absolute (B) epidural fat thickness values in patients with spinal epidural
lipomatosis (SEL) and normal controls.
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control group, as previously reported.24–26 However,
when using relative ratios, the frequency distribution
of the SEL group was more clustered, trending
towards a normal distribution without overlapping the
distribution of the normal group ratios, suggestive of a
boundary between the normal and SEL values.
This study had some limitations. First, only 8 cases

with L3/L4 dorsal idiopathic spinal EF compression
were included; thus, these findings can only be used
for reference. Second, this report is based on lumbosa-
cral MRI studies on patients with lumbago; therefore,
patients with SEL in other vertebral regions were not
included. Further studies should be conducted on
patients with SEL involving different segments of the
spine and treatment prognosis should be evaluated.

Conclusions
In conclusion, we described a group of SEL patients
with involvement of the lumbar segment based on
MRI, with an average EF thickness of 12.11 ±
2.28 mm. To distinguish SEL patients from normal indi-
viduals, an EF thickness value of 9.8 mm can be used as
a cutoff. However, the use of the relative value (EF/
DuS) for diagnosis of SEL is more accurate and has a
wider region of application from the thoracic to the
lumbar spine. Thus, if symptoms of spinal cord com-
pression are present and other causes are excluded by
MRI, SEL can be diagnosed based on observation of an
excessive deposition of fat in the epidural space of the ver-
tebral canal, as well as by an EF/DuS index > 40%.
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