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Posterior Epidural Fat on Sagittal MR Images:
Can it Help in Distinguishing Between Isthmic and
Degenerative Lumbar Spondylolisthesis?’

Byung Jae Youn, M.D., Jung-Ah Choi, M.D."?, Jung Eun Kim, M.D., Ja-Young Choi, M.D.,
Sung Hwan Hong, M.D., Heung Sik Kang, M.D.'?

Purpose: We tried to assess the value of posterior epidural fat for distinguishing isth-
mic spondylolisthesis from degenerative lumbar spondylolisthesis on midline sagittal
MR images.

Materials and Methods: The midline sagittal MR images of the lumbar spines were ret-
rospectively studied for 50 patients without spondylolisthesis, for 78 patients with isth-
mic spondylolisthesis and for 43 patients with degenerative spondylolisthesis. The an-
teroposterior diameter of the posterior epidural fat (ADEF) was measured at each in-
tervertebral disc level by two radiologists and these values were then compared be-
tween each group. To normalize for difference of body size, the posterior epidural fat
ratio (PEFR) at each level of spondylolisthesis and at L1-2 were also determined for
each level of spondylolisthesis, and the PERF was compared between each group.
Statistical analysis was performed by the chi-square method.

Results: For the patients with isthmic spondylolisthesis, the ADEFs at the spinal levels
with spondylolisthesis were significantly greater than those ADEFs in the control
group that were measured at the corresponding disc levels (p<0.05). For the patients
with degenerative spondylolisthesis, the ADEFs at the spinal level with spondylolis-
thesis were significantly less than the ADEFs in the control group that were measured
at the corresponding disc levels (p<0.05). The PEFRs obtained at L4-5 were 1.37+ 0.12
for the control group, 2.61% 1.31 for the patients with isthmic spondylolisthesis, and
0.60+ 0.05 for the patients with degenerative spondylolisthesis. The PEFRs obtained
at L5-S1 were 2.25% 1.32 for the control group, 3.47+ 1.69 for the patients with isth-
mic spondylolisthesis and 1.65% 0.18 for the patients with degenerative spondylolis-
thesis. At both levels, the PEFRs were greatest for the isthmic spondylolisthesis group
and smallest for the degenerative spondylolisthesis group, and all the differences were
statistically significant.

Conclusion: The posterior epidural fat, which is easily seen structure on the midline
sagittal MR image, is significantly increased in isthmic spondylolisthesis, but it is de-
creased in degenerative spondylolisthesis, and this could be useful in distinguishing
isthmic spondylolisthesis from degenerative spondylolisthesis.
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Lower back pain is a common clinical problem and
spondylolisthesis is a well-recognized cause of this prob-
lem (1-3). Spondylolisthesis was first termed by a
German obstetrician named Killian in 1854 to describe
the forward displacement of one vertebral body on an-
other (4). Although at first this implied the presence of
spondylolysis, the classification is now widely used, as
pointed out by Wiltse et al (5), for dysplastic, isthmic,
degenerative, traumatic and pathological spinal disease
(4).

Of these conditions, isthmic spondylolisthesis is the
most common type of disease, and this is followed by
degenerative spondylolisthesis. Isthmic spondylolisthe-
sis is usually the result of a lysis in the pars interarticu-
laris that is caused by stress or insufficiency fracture,
which is probably due to repetitive extension/hyperex-
tension (5) and shear (6). The defect is estimated to occur
in approximately 6% of the adult population at some
time (4, 7, 8) in their lives,and a greater prevalence of
this disease is seen in Eskimos, males, and Caucasians
(4). The lumbar spine, especially the L5 vertebra, is
most commonly affected. Degenerative spondylolisthe-
sis typically occurs in an older population and the typi-
cal site is L4—5 (4). The etiology is related to degenera-
tive changes at the facet joints, and it may be due to an
abnormal configuration in the facet joints and laminae
that predisposes the structures to degenerative changes
and subsequent slip, as was demonstrated in a study by
Kim and Lee (9). The degree of slippage is usually not as
great as that noted in isthmic spondylolisthesis, but even
a small degree of slippage can cause significant spinal
canal stenosis (4). Therefore, it is important to differenti-
ate between these two types of spondylolisthesis be-
cause not only are they different in etiology, but they al-
so have a different prognosis and require different treat-
ment.

We tried to determine the value of the posterior
epidural fat for distinguishing between the isthmic and
degenerative types of spondylolisthesis (Fig. 1).

Materials and Methods

We reviewed the radiology reports of 3485 adults who
had undergone MR imaging of the lumbar spine during

a one-year period. One hundred thirty-two patients
were diagnosed as having spondylolisthesis, and among
them 121 underwent conventional radiography and/or
CT scanning for the identification of the cause of
spondylolisthesis; these 121 patients formed the subjects
of this study. Isthmic spondylolisthesis was diagnosed
for the patients having bilateral defects in the pars inter-
articularis, and degenerative spondylolisthesis was diag-
nosed in those patients that did not have any defect in
the pars interarticularis, but they did have degenerative
changes at the facet joints. Therefore, 78 patients (61
men, 17 women; age: 18—82 years) were diagnosed as
having isthmic spondylolisthesis, and 43 patients (18
men, 25 women; age: 36—87 years) were diagnosed as
having degenerative spondylolisthesis. For the compari-
son, the MR images of 50 age-matched subjects (18—87
years) who had no evidence of spondylolisthesis on con-
ventional radiography and/or CT were also evaluated as
a control group.

The MR imagings were performed with surface coils
using one of two 1.5T systems (Signa Horizon echo
speed type, GE Medical systems, Milwaukee, U.S.A,;
Magnetom Vision Plus, Siemens, Erlangen, Germany)
or a 1.0T system (Impact Expert, Siemens, Erlangen,
Germany). Midline sagittal T1-weighted images were
used exclusively for the analysis. The imaging parame-
ters were as follows: repetition time/echo time/excita-
tions, 560/12 or 600/15; section thickness, 4 mm; inter-
section gap, 1 mm; field-of-view, 30 cm; and the imag-
ing matrix was a 264x 512 matrix or a 270x 512 matrix.

The anteroposterior diameter of the posterior epidural
fat (ADEF) was measured on the midsagittal MR image
at each intervertebral disc level as the maximum antero-
posterior diameter between the anterior and posterior
borders of the posterior epidural fat (Fig. 1). The mea-
surements were obtained three times by one of two ra-
diologists on the PACS (picture archiving and communi-
cation system, Marotech, Seoul, Korea) using the ven-
dor-supplied software, and the average values were cal-
culated for each disc level. Statistical analysis was done
using the chi-square method to compare the ADEF val-
ues among the control group, the isthmic spondylolis-
thesis group and the degenerative spondylolisthesis
group. To normalize the ADEFs according to the
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patient’ s size, the posterior epidural fat ratio (PEFR) was
obtained and it was defined as the ratio of the ADEF at
the level of the spondylolisthesis to that at the L1—2 lev-
el. The ratios were also compared between each group
using the chi-square method. P values less than 0.05

were considered statistically significant.

Results

In the control group, the ADEFs were 3.84+ 1.69 mm
(mean+ standard deviation) at L1—2, 3.10+ 1.60 mm at
L2-3,3.28+ 1.78 mm at L3—4, 2.26x 1.27 mm at L4-5,
and 2.84+ 1.10 mm at L5-S1. In patients with isthmic
spondylolisthesis (Fig. 2), the ADEFs at the level of the

Fig. 1. A 32-year-old female without
spondylolisthesis.

A. On the T1-weighted midline sagittal
MR image, the posterior epidural fat is
seen as high signal intensity posterior
to the dural sac, and it is measured as
the longest anteroposterior diameter.
B. T2-weighted axial MR image shows
the posterior epidural fat at the L4-5
level as a triangular space (arrow-
heads) with the posterior apex, and it
is limited laterally by the ligamenta
flava and anteriorly by the dural sac .

Fig. 2. A 51-year-old female with isth-
mic spondylolisthesis.

A. The lateral view of the lumbosacral
spine shows the defect (arrow) in the
pars interarticularis.

B. The T1-weighted sagittal MR image
shows an increased anteroposterior di-
ameter of the posterior epidural fat (ar-
rowhead) at L4-5.
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spondylolisthesis were 5.38+ 1.71 mm at L4—5 (n=230)
and 3.96% 2.29 mm at L5—S1 (n=48), both of which
were significantly greater than those values for the con-
trol group that were measured at the corresponding disc
levels (p<0.05). In contrast, for the patients with degen-
erative spondylolisthesis (Fig. 3), the ADEFs at the level
of the spondylolisthesis were 0.94+ 0.18 mm at L4—5
(n=33) and 1.19+ 0.19 mm at L5-S1 (n=10), both of
which were significantly less than those values for con-
trol group that were measured at the corresponding disk
levels (p<0.05).

The PEFRs obtained at L4—5 were 1.37+ 0.12 for the
control group, 2.61% 1.31 for the patients with isthmic
spondylolisthesis, and 0.60% 0.05 for the patients with
degenerative spondylolisthesis. The PEFRs obtained at
L5-S1 were 2.25+ 1.32 for the control group. 3.47+ 1.69
for the patients with isthmic spondylolisthesis, and 1.65
* 0.18 for the patients with degenerative spondylolis-
thesis. At both levels, the PEFRs were greatest in isth-
mic spondylolisthesis group and they were smallest in
degenerative spondylolisthesis group, and these differ-
ences were statistically significant.

The 95% confidence interval (CI) of the PEFR for the
isthmic spondylolisthesis group at L4-5 was from —0.01
to 5.23 and that for the degenerative spondylolisthesis

group at the corresponding level was from 0.5 to 0.7.
The 95% CI of PEFR for the isthmic spondylolisthesis
group at L5—S1 was from 0.09 to 6.85 and that for the
degenerative spondylolisthesis group at the correspond-

ing level was from 1.29 to 2.01.

To differentiate degenerative spondylolisthesis from
isthmic spondylolisthesis, the upper value of the 95% CI
of PEFR for the degenerative spondylolisthesis group
was defined as our cutoff value (0.7 at L4—5 and 2.01 at
L5—S1), because the 95% CI of PEFR for the isthmic
spondylolisthesis group was wide and contained nega-
tive value.

With 0.7 as the cutoff value of PEFR for the degenera-
tive spondylolisthesis group at L4—5, the sensitivity was
97.5% and the specificity was 92.8%. With 2.01 as the
cutoff value of PEFR for the degenerative spondylolis-
thesis group at L5-S1, the sensitivity was 97.5% and
specificity was 80.5%.

Discussion

Spondylolisthesis is a common cause of lower back
pain, and this is a common clinical finding in patients
(1—3). When evaluating lower back pain, plain radiogra-
phy is still commonly used in spite of a report suggested
that plain radiographs of the lumbar spine should not be
routinely used for this purpose, except for in the
younger population where spondylolysis is highly sus-
pected (10).

Isthmic spondylolisthesis is caused by lysis of the pars
interarticularis and it results in the separation of a verte-
bral body from its posterior elements (1—3); the posteri-
or elements either remain normally aligned or they be-

Fig. 3. A 63-year-old female with de-
generative spondylolisthesis.

A. The lateral view of the lumbosacral
spine shows degenerative change of
the facet joints at L4-5 without evi-
dence of spondylolysis.

B. The T1-weighted sagittal MR image
shows the markedly decreased antero-
posterior diameter of the posterior
epidural fat at L4-5.
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come posteriorly subluxed. The latter leads to an in-
crease in the sagittal diameter of the spinal canal, and
this allows more space for the posterior epidural fat and
makes it less likely that the patient will present with
radicular symptoms due to canal stenosis. Patients are
usually referred for imaging due to symptoms that are
caused by other associated abnormalities such as herni-
ated disk, foraminal stenosis, facet hypertrophy or
nerve root encroachment that is due to the build-up of
fibrocartilage at a pars pseudarthrosis at a later age.
Surgical fusion of the involved lumbar segments is usu-
ally reserved for the small proportion of patients who
have persistent pain despite of conservative therapy, or
for those patients with greater than grade II spondylolis-
thesis (11).

Degenerative spondylolisthesis is characterized by os-
teoarthritis and degenerative changes in the facet joints,
disc degeneration and ligamentous laxity, which can re-
sult in anterior slippage of the vertebral body along with
an intact posterior arch (1—3, 14, 15). This leads to a de-
crease in the space for the posterior epidural fat.
Symptoms of spinal stenosis and nerve root compres-
sion frequently accompany this type of spondylolisthe-
sis (11), and this condition requires such surgical treat-
ment as decompression.

Conventional radiography can directly depict the de-
fect for the pars interarticularis and thereby allow differ-
entiation between the isthmic and degenerative types of
spondylolisthesis. The anteroposterior and lateral lum-
bar radiographs can be supplemented by the oblique
views in questionable cases (4), but even the oblique
views can miss about 13% of spondylolyses, as was not-
ed in a study by Amato et al. (12). Sometimes the differ-
ential diagnosis can be made by the* spinous process
sign”, where the step between the upper and lower
spinous process occurs above the level of the slip for a
lytic spondylolisthesis, and at the level of the slip for a
degenerative spondylolisthesis; however, this differenta-
tion is often difficult to achieve (13). This sign is also ob-
served on MR images, but there are limitations for the
generalized usage of this sign due to the following rea-
sons: 1. a large degree of spondylolisthesis is needed to
consistently produce the sign and 2. the lower lumbar
spinous processes normally have a great variation in
their size and alignment (11).

MR imaging is now readily available almost anywhere
and it has become the imaging method of choice for ex-
amining patients with lower back problems.
Spondylolysis can be difficult to appreciate on MR imag-

ing because loss of the marrow signal at the pars on the
T1-weighted spin-echo sequence may not necessarily be
due to lysis, but this loss may possibly be due to sclero-
sis of the pars or to a partial voluming effect from the ad-
jacent structures. Jinkins et al. (16) noted the sagittal di-
ameter of the spinal canal increased in patients with
spondylolysis. The wvalidity of this observation was
proven in a study by Ulmer et al. (11), in which® the
wide canal sign” was deemed as highly reliable and ef-
fective to differentate between isthmic and degenerative
spondylolisthesis. They suggested that when the diame-
ter of the spinal canal at the level of L4 or L5 level ex-
ceeds that at L1 by 25% or more, isthmic spondylolis-
thesis is virtually assured (11).

In our study, we confirmed the value of the posterior
epidural fat, which is easily seen on the midline sagittal
MR images as a high signal intensity structure posterior
to the dural sac and it is limited laterally by the ligamen-
ta flava. The ADEF was noted to be significantly in-
creased in those patients with the isthmic type of
spondylolisthesis, whereas it was significantly de-
creased in those patients with the degenerative type of
spondylolisthesis, at each level of spondylolisthesis
(p<0.05). This difference in ADEF is due to the structur-
al anatomical differences between the isthmic type and
the degenerative type of spondylolisthesis, as was men-
tioned above. The ratio between the ADEF (PEFR) at
L4—5 and L1—-2 was significantly increased for isthmic
spondylolisthesis, and the PEFR at L5—S1 and L1-2
was also significantly increased for the isthmic type of
spondylolisthesis. Similar to the® wide canal sign” ob-
served by Ulmer et al. (11), the posterior epidural fat
could be used as a supplement for the differential diag-
nosis of spondylolisthesis. The posterior epidural fat is
readily seen and can be measured on sagittal T1-weight-
ed MR images even by those physicians who are not ex-
perienced with spinal MR imaging, and this could be
useful for those cases having sclerosis at the pars that
mimick spondylolysis, when the spondylolysis is not di-
rectly visualized on plain radiographs and/or on MRI, or
when technical factors, such as artifacts, limit the use of
axial imaging (11).
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