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Abstract

Measurements of mid sagittal diameter (MSD) and interpedicular diameter (IPD) in patients
operated on for central lumbar spinal stenosis were compared to the control group. Both groups
can be matched in terms of gender and age. We found that in the stenotic patients the MSD and the
IPD were smaller than in the control group, all of the measurements except the IPD in male stenotic
Sagittal and axial MR images of the stenotic patients were
used to evaluate the status of the posterior epidural fat which was graded as normal, small, very
small and absent. All the patients were surgically treated for lumbar stenosis, imaging studies
and intraoperative finding were correlated. Reduction or absence of the posterior epidural fat (PEF)
by the imaging studies were found to be related to the intraoperative findings and the duration
of symptoms. PEF may be used as an intraoperative indicator for optimal surgical decompres-

Stenosis is a localized abnormal narrow-
ing of a hollow tubular structure. In view of spinal
stenosis, the shape and size of the canal (central or
lateral) may have a significant effect on the pro-
duction of symptoms and signs, which usually do
not become symgtomanc untll late middle age.
Canal diameter{!-2) dural sac(®) and reserve capa-
cily(4) have been measured to provide accurate
diagnosis for lumbar canal stenosis. The sagittal
and transverse diameter of the canal can be obtained
easily and requires no invasive or expensive tests.
Winston found that mean mid-sagittal diameter

(MSD) of lumbar vertebral canals were signifi-
cantly smaller in patients operated on for lumbar
disc herniation than in a control group(s). To date,
no comparison has been made between lumbar
stenotic patients and normal subjects. Epidural
adipose tissue has been reported to be the cause of
spinal cord compression in obese patients and in
patients receiving long term steroid treatment(6-9).
Absence or reduction of the posterior epidural fat
(PEF) has been pointed out as an usual ogeratlve
finding in lumbar spinal stenosis surgery( 0) and
also is an indicator of a tight canal(1D), Recently,
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absence or reduction of PEF has been mentioned
and demonstrated by magnetic resonance imaging
(MRI)(IZ). Correlation between this imaging evi-
dence and the surgical finding has not been reported
in the literature. The purposes of this study were to
compare the mean canal diameter (IPD, MSD) in
operated lumbar spinal stenotic patients with the
control group and to correlate the magnetic reso-
nance images of absence or reduction of PEF with
the surgical finding in lumbar Spinal stenosis.

MATERIAL AND METHOD

The study included two parts :

1. A comparison of the measurement of
the mid sagittal diameter (MSD) and interpedicular
diameter (IPD) in patients with spinal stenosis and
in a control group.

2. An interpretation of the presence or
absence or reduction of PEF on the T1 weighted
MR images of 10 surgical patients which were
confirmed at surgery.

Fig. 1. The interpedicular diameter is a distance

between the inner most pedicles.
MSD and IPD measurements

From January 1985 to January 1992, twenty
three control patients and twenty three patients
with lumbar stenosis were studied. Both groups
consisted of 12 males and 11 females, the mean age
was 55 years. The IPD and MSD of L1-L5 were
measured with a vernier caliper by Eisenstein's
method on standard AP and lateral lumbosacral
plain roentgenogram(l). The IPD was measured
between the inner most of the pedicles in A-P
radiograph (Fig. 1). The MSD was measured as a
distance from the middle of the back of the verte-
bral body perpendicular to the line AB which is
the base of the opposing spinous process (Fig. 2).
The inclusion criteria for the control were patients
who presented with any other orthopaedic con-
ditions except back pain. The inclusion criteria for
the symptomatic stenosis were patients who had a
clinical entity including back pain, intermittent
claudication, sensory paresthesia and weakness in
the lower extremities(12). Measurement was done
by one observer (Suntisathaporn N). AP and lateral
view of the lumbosacral skeleton (Fig. 3A, 3B)
were used for practice in order to be acquainted
with the bony landmarks of the patients' X-rays Fig. 2.

The mid sagittal diameter is a distance from

(Fig. 1, 2). Two occasional random checkings for the middle of the posterior border of verte-
each level (both patients and controls) were carried bral body perpendicular to a line that bisects
out by the same observer for possible intraobserver tips of superior and inferior articular pro-

errors. All patients had degenerative lumbar spinal cess.
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Fig. 3A. Shows IPD of the skeleton.

stenosis except one 18 year old male with develop-
mental lumbar stenosis who presented with acute
sciatica and severe intermittent claudication.

Interpretation of epidural fat

The lumbosacral MR images of 10 patients
were evaluated for the presence, absence or reduc-
tion of PEF by one radiologist (Sriphojanart C).
Normally the thecal sac at the disc level is sur-
rounded by high signal intensity PEF on TI
weighted images. On axial T1 weighted images, PEF
is identified behind the low-signal-intensity sub-
arachnoid space. In normal subjects, the interface
of the thecal sac and PEF on axial MR images
has a posterior convexity, on sagittal images it is
rather straight. Fatty tissues do not increase in
signal on conventional T2 weighted images so
only sagittal and axial T1 weighted images were
studied. Axial cuts were made parallel to the planes
of superior end-plates of the vertebral bodies and
through the middle of the intervertebral disc. The
thickness of the lower three lumbar PEF was
measured with distance mode on the axial and mid
sagittal view. All of the patients were surgically
treated and intraoperatively confirmed for the
absence or reduction of PEF. There were six
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Fig. 3B. Shows MSD of the skeleton.

females and four males. The age ranged from 18 to
76 with the average being 56.6 years. The average
duration of symptoms was 30.3 months, the shortest
duration being 1 month and the longest duration 17
years. There were two spondylolisthesis, one deve-
lopmental lumbar stenosis and seven degenerative
lumbar stenosis. Twenty sets (sagittal and axial) of
normal lumbar spine images were used for the
evaluation of normal PEF (Fig. 4). There were 9
males and 11 females. The amount of PEF was
graded in to absent, very small, small and normal.
Total obliteration of the PEF was graded as
absent (Fig. 5). Grading of the reduction of PEF
may be difficult. The AP thickness of PEF above
or below the stenosis level were used as a control
limit to determine the reduction of fat. Small and
very small were graded when there was a one half
and three quarter loss of PEF respectively. Three
cadaveric lumbar spines and Parkin's anatomic
study of the lumbar epidural space were used for
the evaluation of normal PEF (Fig. 6)(14).

Operative findings :

Laminectomy was routinely performed by
using thin chisel to make a rectangular window
over the laminae above and below the compressed
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Fig. 4.
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The normal A-P limit of posterior epidural
fat.

A. Sagittal view. The A-P limit of L3-4,
L4-5 and L5-S1 level are 4-7 mm, 4.7
mm and 5.1 mm respectively.

B. Axial view of L4-5, The A-P limit of
posterior epidural fat are 5.9 mm.

Fig. 5.

Axial T1 weighted image through L4-5 disc,
there is obliteration of the posterior epidural
fat (arrow).
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Fig. 6. Fresh cadaver is dissected. At the top view,
normal triangular posterior epidural fat
(arrow) is seen following total laminectomy
of L3.

area. Hypertrophic ligamentum flavum was meti-
culously removed to expose the thecal sac (Fig. 7).
The presence or absence or reduction of PEF was
carefully recorded. Normally, the PEF presents as a
clump of pyramidal shaped fatty tissue occupying
the epidural space (between the dura mater and the
bony and fibrous wall of the spinal canal). A pro-
minent extention of this fat also follows the infe-
rior and anterior surfaces of each lumbar nerve in
the lateral recesses. Absence of PEF refers to com-
plete loss of posterior epidural adipose tissue, small
and very small refer to one-half and three quarter
loss of posterior epidural fat respectively. Statis-
tical analysis was performed with student's unpaired
t-test, p values less than 0.05 were considered sta-
tistically significant.

RESULTS
IPD and MSD measurements (Table 1-3)
Among the twenty three patients with spi-
nal stenosis, the average IPD and MSD were 25.21
and 13.88 millimeters respectively. The smallest
were IPD-20.50/MSD-11.60 millimeters and the
largest, IPD-32.70/MSD-16.70 millimeters (Table 1).
For the control patients the average MSD was 15.67
millimeters and the average transverse diameter
was 27.34 millimeters on radiographs (ranged from
20.25 mm to 35.85 mm for IPD and from 13.40-
17.55 mm for MSD). The smallest IPD (20.20
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Table 1. The largest and smallest canal diameters
in control and stenotic group.
Largest (mm) Smallest (mm)
1P MS IP MS
Control 35.85(Lg) 17.55(Ls)  20.25(Ly) 13-40(1‘1,2)
Stenosis  32.70(Ls) 16.70(Ly)  20.50(Ly)  11.60(Ls)

Table 2. Statistical differences of canal diameter
between stenotic patients and controls
(P<0.05-significal difference)

A. Shows the P value of the overall IPD

and MSD.
IP MS
T-Test LSS 23 Con 23 0.000 0.000
Tails - 2 LSS 12 Con 12 0.166 0.000
Type -3 LSS 11 Con 11 0.000 0.000

Sagittal T1 weighted image of the L-S

spine in a 68 year old male. There are

disc protrusion at the L4-5 and L5-S1

level. The posterior epidural fat at 1.4-5

and L5-S1 disc level are absence. At

surgery, the fat is replaced by the thicken
ligamentum flavum (arrow).

B. View from above, following removal of
the L4 lamina, the thicken ligamentum
flavum is indicated by right arrow and
the dural sac is indicated by left arrow.

C. Following excision of the thicken liga-

mentum flavum, the compressed seg-

ment (arrow) of dural sac is seen without
any coverage of posterior epidural fat.

mm) and MSD (13.40 mm) of the control were
found at the level of L, while the smallest IPD
(20.50 mm) and MSD (11.60 mm) of the stenotic
patients were found at L1 and L2 respectively. The
result of the repeat study by random checking and
the overall measurement was slightly different. The
L5 vertebra of both groups had the largest IPD
(stenosis 32.70 mm, control 35.35 mm). The largest
MSD of the control and the patients were found
at L5 and L2 respectively. The overall lumbar IPD
and MSD in stenotic patients were smaller than
those in the control with statistical significant dif-
ference (p<0.05). We then analysed the parameter
of gender and found that 1). male patients had
smaller canals than male controls but only the
MSD was statistically significant 2). female
patients had smaller canals (IPD and MSD) than
female controls with significant difference (Table
2A). 3). Female stenotic patients had smaller
canals than male stenotic patients, no statistical dif-
ference was found. The results were the same
when each level was determined (Table 2B).
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T able 2 B. Shows the P value of IPD and MSD in each level (L1-5)
Ll L2 L3 L4 LS
1P MS 1P MS 1P MS 1P MS 1P MS
T-Test LSS 23 Con 23 0.003  0.000 0.004 0.000 0.000 0.000 0.001 0.000 0.000  0.000
Tails-2 LSS 12 Con 12 0.809  0.004 0.696 0.005 0.199 0.000 0236 0.000 0.073  0.000
Type-3 LSS11 Con 11 0.000  0.000 0.000 0.039 0.000 0.004  0.000 0.000 0.000  0.000
T-Test-student T test Tail-2 - two tailed distribution
IP-interpedicular diameter Type-3 - two-sample unequal variance (heteros cedastic)
MS-mid sagittal diameter LSS-Lumbar spinal stenosis group (Total 23, male 12, female 11)
CON - control group
Table 3. The mean A-P limit of normal posterior epidural fat.
Disc level L3-4 L4-5 L5-S1
Sag. (mm) Axial (mm) Sag. (mm) Axial (mm) Sag. (mm) Axial (mm)
Male (9) 5.1 5.6 5.8 5.0 5.0 4.6
Female (11) 5.6 59 59 4.9 57 5.7
Mean (Total 20) 5.4 58 59 5.0 54 52

Interpretation of epidural fat on T1 weighted
images

The average normal A-P thickness of poste-
rior epidural fat at L3-4, L4-5and L5-S1 in sagittal
view were 5.4 mm, 59 mm and 54 mm, in the
axial view the average limit was 5.8, 5.0 and 5.2
respectively (Table 3).

Sagittal and axial T1 weighted MR images
of ten patients were evaluated. Epidural fat was
found to be absent in 4 patients, very small in 4
patients and small in | patient. Normal posterior
epidural fat was found in one spondylolisthetic
patient who presented with acute sciatica.

Operative finding

Intraoperative absence or reduction of
PEF was observed in 10 patients. These findings
correlated very well with the imaging studies.
Normal PEF was observed intraoperatively in a
patient who presented with acute symptoms of
spondylolisthesis. One small PEF was found in a
development lumbar stenosis patient who had an
acute onset of intermittent claudication.

The amount of PEF was correlated with
the duration of the symptoms. The absence of PEF
was found in four patients who had symptoms for
an average of 57 months (range from 24-84

months). The average duration of symptoms of very
small (4 cases) and small (1 case) amount of fat
were 10 months (6-12 months) and 5 months res-
pectively. Duration of back pain of the spondylo-
listhests patient who had normal PEF was 3
months.

DISCUSSION

Lumbar spinal stenosis refers to any nar-
rowing of the spinal canal, nerve root canal result-
ing in highly variable signs and symptoms. The
etiology of narrowing of the canal may be multifac-
torial including degeneration, trauma, tumor and
iatrogenic conditions(15-18)_ Even antero-posterior
diameter of the dural sac and reserved capacity are
more reliable and more accurate, statistic measure-
ment of MSD has been used as a standard criterion
for a pathological constricted spinal canal(18-20),
From our study, the overall IPD and MSD of the
surgical patients were significantly smaller than the
control, the mean MSD (15.67 mm) of the control
was similar to the study of Eisentein(1,2). All of the
measurements except the IPD of male patients was
statistically significantly different. The degenera-
tive process has no effect on the narrowing of the
transverse diameter of the spinal canal and none
have found the interpedicular distance to be of
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clinical significance(21). In the control, IPD and
MSD were found to be smallest at the L1 level
while L5 vertebra had the largest IPD and MSD.
The smallest MSD of the stenotic patients was
found at LS which is the most common site for
spinal stenosis.

Several series reported that the incidence
occurs significantly more commonly in males than
in females(22:23). In an attempted meta-analysis
the percentage of the male patients was found to
be 55.84 per cent(24), but in some reports the rate
appears to favor females over males(23:20). Female
sex was considered as one of the factors predis-
posing the patients to worse outcomes(27:28),
Though the mean of IPD and MSD in female ste-
notic patients were smaller than male patients, no
statistical significance was found. Our population
was too small to avoid type II (B) error as inter-
pedicular and mid sagittal diameter of male spinal
canals were found to be greater than in females
with statistical significance in a total of 394 sub-
jects(29).

Little has been written on the pathoana-
tomy of the stenotic spinal canal particularly on the
pathologic changes of PEF(14,30-32) " Chronic
degenerative changes of the circumferential struc-
tures may inevitably lead to various degrees of
spinal stenosis and may render the additional reduc-
tion of the dimension of the spinal canal more cri-
tical(33). By experimental constriction of the intact
cauda equina, Schonstrom found a distinct pressure
increase among the nerve roots(34). With dynamic
myeloscopy, dilatation of extradural vessels was
found to be the pathophysiologic mechanism of
intermittent claudication in lumbar canal stenosis.
This microcirculartory changes may lead to pres-
sure increase in both the epidural and intrathecal
space(33). In central canal stenosis, the pressure is
usually gradually applied in a circumferential man-
ner at a slow rate over a relatively long duration.
This biomechanical deformation is likely to induce
injury through differential effects on various tissue
components, 1.€., the nerve fibers, the blood vessels
and the connective tissue(33-37). The overall com-
pression and local anatomic alteration in the spinal
canal may be the important etiology of the absence
or reduction of PEF. From our observation, patho-
logic process of the posterior spinal colomn is
found to have more significantly effected on the
reduction of PEF than the anterior degenerative
changes.
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Severity and duration of symptoms before
surgery have been reported to be the important
predisposin§ factors related with poor surgical out-
comes(24:38), Herzog found that PEF may be an
important component in the pathogenesis of thecal
sac compression in patients with lumbar central
canal stenosis secondary to facet arthrosis(28). He
also found the reduction of PEF in some patients
and suggested that the developmentally large facets
may be the cause of this evidence. The inclusion
criteria of Herzog's study was patients who pre-
sented with either back or leg pain and having
central canal stenosis on their imaging studies, but
duration and severity of the symptoms were not
mentioned. The onset, rate and duration of com-
pression have been demonstrated in experimental
animals to have a significant effect on the degree
of neural tissue changes(39'42). Local injury due to
mechanical compression, rather than circulatory
insult has been shown to be the major factor for
evoked spinal cord potential alterations in chronic
cord compression(42). From our study, the absence
or reduction of PEF was found in all patients who
had longer symptoms, PEF was presented in
patients who had acute onset of back symptoms.
Magnitude and duration of compression that occur
in the spinal canal may be related to various bio-
mechanical and microvascular changes in the
neural tissue as well as the epidural fat. The loca-
lized injury mechanism of disc herniation is more
acute and the nerve root often asymmetrically
compressed by the protruding disc, this may result
in less pressure effect on the PEF(43).

Absence or reduction of the PEF are
found to have a clinical significance and relate to
the duration of the symptoms. The average A-P
limit of normal posterior epidural fat in each level
both sagittal and axial MR images of males was
smaller than females as females tend to have a
higher percentage of fat than males. The signal of
PEF can be better seen in the sagittal than the
axial images. More variables of fat thickness were
measured from the sagittal views, this discrepancy
may be due to the pyramidal shape of PEF and the
technical deviation of the imaging plane. More
studies are required to determine the A-P limit of
PEF in normal and other spinal disorders.

Early and adequate decompression have
been cited as an important factor influencing the
satisfactory results, although the study of Dela-
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marter did not support the contention that decom-
pression of a cauda equina syndrome is an emer-
gency(44). The optimal decompression that is most
effective in relieving the gmptoms of lumbar spi-
nal stenosis is unknown(!7). More extensive lami-
nectomy has been reported to be associated with a
higher risk of instability(45) while a single level
laminectomy is frequently associated with poor
results(! 7). Amount of PEF at the stenotic level
should be determined on preoperative radiologic

J Med Assoc Thai April 1997

images, absence of the PEF may be used as one of
the indicators for decompression. Extreme care
should be taken to protect the PEF as much as
possible during spinal surgery. Failure to preserve
this important structure may result in post lami-
nectomy membrane or fibrosis. PEF may be used
as an intraoperative indicator for optimal surgical
decompression and we suggest that laminectomy
should be extended to the level where epidural fat
is present.

(Received for publication on April 18, 1996)
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