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Is Lumbar Spinal Reserve Capacity on
CT-Myelography Significant?

BT Miyelografide Lomber Omurga Kanali Yedek Kapasitesi
Onemli midir?
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Abstract: A statistical comparison is made between
neurological conditions and areas of lower lumbar spinal
structures, as ascertained by CT-myelography, in patients
with lumbar complaints. CT-myelography was taken of
38 patients with low back pain and/or radicular pain
complaints, most of whom were suffering disc herniation.
Measurements of cross-sectional area of spinal canal, dural
sac, disc herniation beyond interspace (where appropriate)
and ligamentum flavum were taken in 43 levels. These
were levels L4-5 and L5-51 lumbar disc hernia was
assumed prediagnostically every case. The spinal reserve
capacity area was calculated by substracting the rest from
the spinal canal area. The ratio between spinal canal and
dural sac area as well as that between spinal canal area
and spinal reserve capacity were separately calculated for
each level. These ratios were then examined for possible
correlation with the neurological condition of the patients.
Statistical analyses show the neurological condition of the
patient to be in relation to reduction of spinal reserve
capacity area rather than to reduction of dural sac area.
This result is particularly marked at the L5-51 level. An
evaluation of spinal reserve capacity is appropriate as an
aid to investigations of clinical status, particularly of cases
with lower lumbar complaints.
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Ozet: Lomber yakinmalar olan hastalarda BT - Miyelografi
ile saptanan alt lomber spinal yapilarin alani ile norolojik
durumlan arasinda istatistiksel kargilastirma yapildi. Bel
agris1 ve/veya radikiiler agr: sikayetleri olan ve
¢ogunlugunda disk hemiasyonu var olan 38 hastaya BT -
Miyelografi uyguland. Spinal kanal, dural kese, interspace
boyunca disk herniasyonu ve ligamentum flavum
bolgelerinin 43 seviyede kesitsel 6lglimleri yapildi.
Olciimler teshis 6ncesi disiindtiglimiiz L4-5, L5-S1 lomber
disk hernisi seviyelerine uygulandi. Spinal yedek kapasite
alani, spinal kanal alanindan geri kalami gikararak
hesaplandi. Spinal kanal ve dural kese alam arasindaki
oran ile spinal kanahn alan1 ve spinal yedek kapasitesi
arasindaki oran her seviyede ayn ayn olgiildii. Sonra bu
oranlar hastanin nérolojik durumu ile muhtemel bir
korelasyon igin incelendi. Istatistiksel analizler hastanin
norolojik durumunun dural kese alanindaki azalmadan
gok spinal reserv kapasite alanindaki azalmayla iliskili
oldugunu gosterdi. Bu sonug ozellikle L5-51 seviyelerinde
belirgindi. Spinal yedek kapasitesinin degerlen-
dirilmesinde, 6zellikle alt lomber yakinmas: olan
hastalarin klinik durumlarinin arastirilmasinda yardimai
olacag) digtintlda.

Anahtar Sézciikler: BT -Myelografi, niikleus pulposus
herniasyonu, spinal kanal olglimleri
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INTRODUCTION

There have been many explanations put
forward to account for neurological dysfunction in
patients with lumbar complaints (6, 7, 8, 12, 14, 15,
18, 20, 22, 23). Our purpose is to contribute to these
interpretations.

Ninty percent of cases of lumbar disc herniation
are at the L4 - L5 and L5 - S1 levels (5). Disc
herniations are classified by their anatomical
localization as “central”, “paracentral” and “lateral”
(8). Zawadzki termed these “disc extensions beyond
interspace”. These are “bulging” and “herniation”
that feature protrusions and extrusions (24). In
addition to these classified herniations, “extreme
lateral lumbar disc herniations” were reported (1,17).

When  determining clinical status,
demonstration of the clinical and radiological
correlation is needed due to the fact that 28% of cases
with a herniated disc or spinal stenosis are
asymptomatic (3). CT and/or myelography is still in
use although the magnetic resonance imaging (MRI)
has more advantages (2). Pulsation of cerebrospinal
fluid, truncation artifacts (Gibbs phenomenon) and
chemical shifts are probable errors on MRI (19). CT-
myelography provides additional useful information
especially for decisions on clinical status (8,9,19). CT-
myelography can provide important information for
the evaluation of clinical status as well as treatment
protocol. The cross-sectional visualization of
vertebral spinal canal and its structures are possible
through transverse axial tomography (10,21). CT-
myelography is more reliable for displaying
intracanal structures such as dural sac, ligamentum
flavum and low density area. Our study takes low
density area and spinal reserve capacity as equal.
Obliteration of the spinal reserve capacity on CT-
myelography may induce signs of neural
compression of spinal stenosis (23). It may, therefore,
be regarded as essential in the diagnosis not only in
spinal stenosis but in all cases of external compression
to dural sac and other neural structures.

PATIENTS AND METHODS

This was a prospective study, and we report 38
patients with low back pain and/or radicular pain.
The mean age of the patients was 40,4 years. Twenty-
one were men and 17 women. They had lumbar disc
hernias at the paracentral or central localization.
Lateral and extreme lateral disc herniations were
excluded, especially if a part of them was outside of
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the spinal canal. There were 43 affected levels of these
patients. Of these 22 were L4-5 and 21 were L5-5S1.

CT-myelographic slices ( by using CT-scanner,
512x512 matrix, Toshiba-TCT600) were obtained in
all 43 levels. Flexion and extension of the lumbar
spine affect cross-sectional areas of structures of the
spinal canal on CT-myelograms. Spinal reserve
capacity may be enlarged on the position of flexion
(6,12). Slices of CT-myelograms of our patients were
taken in the same position, as far as possible. Each
patient was put in a supine position while the slices
were being taken. All levels were examined
thoroughly at 3mm intervals and 5mm thickness,
thus approximately 7 and 11 slices were taken from
regions of disc herniation from both above and below.
If there was no disc herniation apparently beyond
bulging, then slices were taken from all regions of
intervertebral disc. All slices of each level were
evaluated. Cross-sectional areas (CSA) of the
structures inside of the spinal canal and the spinal
canal (SC) itself were measured. Structures measured
inside of the spinal canal were disc extension beyond
interspace (DEBI), dural sac (DS), ligamentum
flavum and spinal reserve capacity(SRC).
Measurement of the spinal reserve capacity within
the entire spinal canal was difficult. For this reason,
the spinal reserve capacity area was ascertained by
substracting the dural sac, ligamentum flavum and
DEBI from the total spinal canal area. Nerves exiting
dural sac filled with contrast media were added to
the dural sac. Ratio of the CSA of dural sac to the
CSA of spinal canal (DS / SC x 100) and ratio of the
CSA of SRC to the CSA of spinal canal (SRC / SC x
100) were calculated at the slices of disc herniation
or intervertebral disc. DS / SC x 100 and SRC / SC x
100 in levels of L4-5 and L5-S1 were evaluated for
each patient individually. Owing to the fact that the
ligamentum flavum areas did not exceed normal
boundaries in all patients and a definite correlation
between disc area and neurological state could not
be established, further calculations were not
undertaken. No neurological deficiency is likely to
occur at all, even in cases where spinal canals are
narrower than others or where there is a pronounced
disc bulging (3). For this reason, patients with no
neurological deficits were also added to our study.
Figure 1 shows lumbar CT-myelography of a patient.
It shows low density area as hatched area in the
spinal canal.

In our study, we needed a neurological grading

system for demonstrating the neurological and
radiological correlation. We collected certain signs
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Figure 1. a. CT-myelogram in a patient, b. line tracing of CT image shown in a; hatched area shows low density area.

of the neural dysfunction (11). The neurological
grading was constructed by adding points as shown
in Table I. Certain signs were power of extensor
hallucis longus (EHL), reflexes (ankle), root tension
sign and sensorial disturbance. Grade 1 has no
neurological deficit, grade 5 has reduced power of
EHL with atrophy, reduced or absent ankle reflex
and root tension sign less than 300. Neurological
grades, the DS/SC x 100 and the SRC / SC x 100 in
22 levels of L4-5 are shown in Table II, and 21 levels
of L5-51 in Table III.

In order to effect a comparison between the
calculated ratios and neurological status, statistical

analysis was used. All data of 43 levels and
neurological grades were determined by using “
Spearman Correlation Analysis”.

RESULTS

Most of the CSAs of spinal canals were within
normal limits (180-350 mm?) and there was no
thickened ligamentum flavum secondary (CSA>150
mm?) (16). There were no cases of spinal stenosis.

While neurologic grades increased, SRCs
decreased at a statistically significant rate for all levels
including L4-5 and L5-S1 (r=-0,88 p<0,001); a

Table I: Neurological Grading System in Lumbar Spine (11).

Certain signs 0 1 point 2 points
Power of extensor Normal Reduced Reduced or absent
hallucis longus (EHL) Atrophy (-) Atrophy(+)
Reflexes (Ankle) Normal Reduced or absent -

Root tension sign Absent 300-600 Less than 300
Sensorial disturbance Absent (+)

If root tension sign is less than 300 and sensorial disturbance is positive, with no reflex and muscle power
disturbance, then the neurological grade is 3. If power of extensor hallucis longus is reduced with atrophy,
ankle reflex is absent and sensorial disturbance positive, then neurological grade is 5.

Table I : Neurologic grades and DS / SC x 100 and SRC / SC x 100 in 22 levels of L4-5.
(DS=Dural Sac, SRC=Spinal Reserve Capacity, SC=Spinal Canal Areas)

Neurologicgrades |0 | 0[O0 0|01 |1 ]2f2)2[2]2[3]3[3[3]|3[4]4|4]|5]5
SRC/SC x 100 57155[52|50|36(46|142[42]|41|38|35]29(39]32[28|26(26|31(30]|28|34]|23
DS/SC x 100 28136(29|30(37[40({40]45)38(32(30({29]28]|32(30]24(29[{20({30]33[25]20
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Table III :Neurologic grades and DS / SC x 100 and SRC / SC x 100 in 21 levels of L5-5S1.
(DS=Dural Sac, SRC=Spinal Reserve Capacity, SC=Spinal Canal Areas)

Neurologic grades [0 |0 [0 [0 [0 [1 |1 |1 |1 |1 |1 |2 |2 |2 |3 |3 [3 |4 |4 |5 |5
SRC/SC x 100 66 |64 |55 |47 |45 [56 (49 |44 |43 |42 (40 |37 (36 |32 (30 |30 |26 (20 |18 |27 |25
DS/SC x 100 15 |24 (37 |28 |30 (7 |16 |38 |34 |23 |34 |38 (37 |42 (27 |21 |34 (19 |44 (40 |29

statistical correlation was not found between
neurological grades and CSAs of the DS (r=-0,066
p>0,05). When data of the L4-5 or L5-51 levels were
evaluated separately, different results were obtained.
For levels of the L5-S1, statistically significant
correlation was established between SRCs and
neurologic grades (r=-0,93 p<0,001); between CSAs
of DS and neurological grades no statistical
correlation was found (r= +0,23 p>0,05). For levels
of the L4-5, there was an indication of statistically
significant correlation between SRCs and
neurological grades (r= -0,79 p<0,001), and also
between CSAs of the DS and neurological grades (r=
-0,47 p<0,05).

DISCUSSION

The effectiveness of CT and especially CT-
myelography is improved when the cross-sectional
area of the dural sac is measured (4). In the
measurement of CSAs of spinal canal and its
structures, narrow dural sac and normal spinal bony
canal may be measured (20). It is clear that CSAs
can give sounder information. It may be considered
that there would be a relation between any one of
the spinal canal structures and clinical status
(6,15,22). Since a direct relation to clinical status was
not established in our patients for either spinal canal
area or ligamentum flavum and disc area , analyses
were done only on SRC and DS areas. Disc herniation
area is not correlated with the outcome measures.
Oland G and Hoff TG showed that area
measurements on computed tomography-
myelography could not predict outcome (13). We
consider that more correlative results were found if
the low density area (SRC) is measured. Our aim was
to establish whether these two areas (SRC and DS)
were of clinical significance or not. Radiological
assessment can not be based only on the dimensions
of the spinal canal structures (18). For this reason we
did not favor measuring the dimensions of the spinal
canal structures.

The obliteration of spinal reserve capacity as
shown on CT-myelography may induce signs of
neural compression of spinal stenosis (23). It may

therefore be proposed as essential in the diagnosis
not only of spinal stenosis but of all of the external
compression to dural sac and other neural structures.
Disc extension beyond interspace causes compression
on nerve roots, however, this compression directly
to dural sac may not always be the sole cause of
radicular dysfunction (7). The interspace which was
SRC contains vascular bed, nerves exiting dural sac
and fat tissue (16). In our study, nerves exiting dural
sac filled with contrast media were added to dural
sac. Narrowing of the lumbar spinal canal produces
compression of both neural and vascular structures,
and neurological symptoms may be related to arterial
obstruction and/or venous hypertension as well as
to neural impingement (8). Vascular compression
leads to increased permeability of the blood vessels,
resulting in intraneural edema and neurological
dysfunction. Olmarker has proved that changes in
blood flow in lumbosacral nerve roots might be
induced at very low pressure compression (14). We
are similarly of the opinion that the neurological
condition of patients with lumbar complaints
corresponds to vascular bed compression.

Our study has shown spinal reserve capacity to
be of significance in the clinical evaluation of patients
with lumbar complaints. This is particularly valid at
the L5-51 level. As is known, the dural sac at L4-5 is
normally narrower and thus the clinical effect of SRC
would be expected to be greater at this level. In
summary, it is revealed that patients’ neurological
conditions correspond not only to the compression
of the dural sac, as has previously been assumed, but
at the same time to reductions in SRC.

CONCLUSION

It is important to demonstrate the neurological
and radiological correlation while determining
clinical status in cases with lumbar complaints. When
cross-sectional areas of the intraspinal structures were
measured, neurological dysfunction may have been
related to decreasing SRC rather than to decreasing
CSA of the DS alone and other structures. This result
is more clear at the L5-51 level. We suggest that the
measurement of the cross-sectional area of SRC on
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CT-myelograms should be included to forward
determining clinical status, especially at the L5-S1.
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