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Magnetic Resonance Imaging based Determination of Conus
Medullaris Position in Adults
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Abstract: The position of the conus medullaris was determined n 289 patients without obvious spine or cord
pathology using midsagittal Magnetic Resonance (MR) images of the lumbosacral spine. In all patients,
lumbosacral X-ray was evaluated for transitional vertebra to avoid misidentification of vertebrae on MR images.
The mean location of the conus tip was at L, upper third, ranging from T,, upper third to L, middle third. The
position was slightly higher in males than m females. Presence of transitional vertebra or degenerative jomt
disease did not have significant effect on the position of the conus.
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INTRODUCTION

Conus medullaris is the cone shaped terminal part of
the spinal cord that is usually located at the level of the
lower third of T, to L, vertebrae. According to the studies
performed in various populations, position of the conus
medullaris seems to differ somehow between different
races (Demiryiirek ef al., 2002).

During mvasive procedures such as spinal
anesthesia, myelography and lumbar puncture for
sampling of cerebrospinal fluid, considering the position
of conus medullaris 1s necessary to avoid madvertent
mjury to it. latrogenic mjury to the conus medullaris
and nerve roots in cauda equma leads to various
complications mcluding cauda equina syndrome as a
result of chemical injury following intrathecal injection of
various drugs like tetracamn and lidocam, persistent
anesthesia, sensory disturbance or pain in the territory of
sacral, lumbar and even lower thoracic nerve roots,
weakness and motor disturbance in lower extremities
(unilateral or bilateral) end uninary symptoms such as poor
bladder sensation, difficulty in initiation of micturition and
urinary retention. Spinal cord trauma following lumbar
puncture can produce syrinx or intramedullary hematoma
(Reynolds, 2001). The site of cord termination can also be
important in the degree of neurologic injury following
fracture in lumbar spine.

The purpose of this study 1s to determine the level of
the conus medullaris i a sample of adult population in
relation to the thoracic and lumbar vertebrae, evaluate its

age and sex-related variations, assess the influence of the
presence of transitional vertebra on its position and
compare the results with the other cadaveric and living
subject studies in other populations.

MATERIALS AND METHODS

This 18 a descriptive cross-sectional study among 289
adult (between 20 and 73 years old) patients whom
underwent MRI of lumbosacral spine as a work up for low
back pain between January, 2007 and April, 2008. The
study population consisted of 111 (38.4%) males and
178 (61.6%) females with the average age of 41.6 and
44.1 years old, respectively. Only patients who had lumbar
X-ray before MRI examination were mcluded in this study.
Patients with kyphoscoliosis, history of previous spine
surgery, spimnal fracture or collapse, congemtal spinal
anomalies like spina bifida and cases of spinal cord
pathology such as syringomyelia, tumor, myelome-
ningocele and tethered cord were excluded. We used
T,-weighted sagittal spin echo MRI sequences of the
lumbar spine with the patient in supine position to localize
the tip of the conus medullaris. Tmages were obtained at
1.5 tesla field strength (GE, Signa, USA) with slice
thickness of 4 mm and interslice gap of 1 mm for sagittal
sequences. Axial sequences were obtained as a pedicle to
pedicle block angled to the disc space.

Each vertebra was divided into 3 equal upper, middle
and lower segments. Vertebral segments and disc spaces
were numbered consecutively from T,, upper segment
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Fig 1: Midsagittal T -weighted ME image of lumbosacy al
spite shows the tip of the conus medullariz in
relation to the vertebral segmerts Each werteby ae
is divided irto 3 equal vpper, middle and lower
segments. Wertebral segmerts and disc spaces
wete tumbered consecutively from T, upper
segment dovwenrard to LS| intervertebral dise

dowrmward to L3, intervertetwal dise, so these 2 parts
were nambered as 1 and 24, respectively (Fig 1. The
rarbers were used to describe the position of the conus
meddlariz in segmerta mumber for statistica analysis A
hotizontal line was drawn from the moost distal part of the
spinal cord on midsazittal image perpendicular to the
longitudinal axis of the spine. The position of the conus
medullariz was defined as the wertebral segment or
irtervertebral disc space that was determined by the line.
Al cages were evaluated by one radiologst. Presence of
the transitiona vertebra can leads to mis dentifi cati on and
false mambering of vertetrae on ME images so we
evaluated the lumbosacral X-ray of all patients before
assesstnent of their ME images.

The statistical analysis was performed using 3P3E3
140 for windows software. One sample Kolmogorow-
Smirno test was used to evaluate pattern of distritution
of the conus position among patients. For assessmernt of
chaniges in the coms position with age we divided our
casesintosix age groups(20-29, 30-39, 40-49, 50-39 40-69
atud F0-T9 wears old). Kraskal-Wallis test was used for
evaluation of the influence of transitional wertebra and
age ofythe cons position Differences with p<0.01 were
cotg dered s gnificant.

RESULTS

The position of the cotms medullavis was bebween T,
uppet third and L, middle third with a mean of L, upper
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third It did not reveal normal distribation (B olmogorow-
Amirnoy test, p<0.001). The conus was located from T,
upper third to L, upper third (mearn: L, gpper third) in
males and from T upper thirdto L, midde third (mean: L
middle third) in females This difference was not
statistically significart (p = 0.012). In different age groups,
the mean position was wvarlable ranging fram T.L,
irdervertebral disc to upper part of L) middle third and did
not seern to be clirdcally sigrificart.

dacrdization and lumbarization was noted in
SE(194%) and 15 (5 .2%) cases, respectively. Presence of
tratisitional vertetea dd not have sigraficant effect o the
position of coms (Kruska-Wallis test, p= 0017, The
position was betareen T, middle third and L, upper third
(mean: L, midde third) in patients with D barizati on,
between T, upper third and L, middle third (mean: L,
upper third) in normal subjects and between T, vpper
third and L, wpper third (meat: T L) disc) in patients with
sacralization Degenerative joint disease in ambar spine
was noted in 109 (37.7%) cases withmat significant effect
ofithe conus position (p = 0.084).

DISCUSSION

The importance of the corms posiion is during
lumbat puanchare and in cases with lumbar vertebral
fracture. For lumbar puncture, Tuffier’s line iz used to
detetmine the appropriate site clindeally, Tuffier’s line
cotwects the highest parts of the iliac crests and is
reported to be from LI, to L3, ittervertebral disc
(tear Ll disc) (Fim ef af |, 20030 Therefore, knowitng the
probakle site of the cord termination is important in
preverting cord irgury. A recent cadaveric study found
no change in the corms position with spinal flexion and
atwther recent MEI-baszed stady reached wariable results
with this manewwver, so spinal flexion does not seetn to be
impottant in protecting the cord (Baver ef af, 2008 In
cases of lumbar spine fracture, it iz suggested that the
am ot of newral tissue in the spinal canal & the site of
fracture is one of the determinants of the newrologic
statias (Saifuddin ef ol , 1998,

The position of the comis meddlaris has been
assessed in cadaveric studies. Thomson (1984 found the
positionn of the comis between 5 mm above the lower
border of T, atud the wpper border of L, among 195 adult
cadaver s Itwas lower in femal es that in males (Thom oty
1984, Uaing magnetic resonance imaging, the comis can
be evaluated i living indisiduals Some of the previous
studies with MREI are mentioned here. Jaifuddin o A
(19987 in a shdy with 504 adult cases withowt spinal
deformity found the tip of the comms betw een middle third
of T, atd vpper third of L, with a mean position at the
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lower third of I,. The conus position was slightly lower in
males than in females without statistical significance.
They did not evaluate racial difference and they did not
find any change in the conus location with increasing age
(Saifuddin et al., 1998). Demirytrek et al. (2002) studied
639 patients and noticed the conus tip from T, T,
mtervertebral disc space to the upper third of L, The
conus was near one vertebra lower in females (mostly at
I.,L, disc) than in males (mostly at T .., disc) that was
statistically significant. They find no difference in the
conus level related to mcreasing age (Demuytrek ef al.,
2002). Yasuhisa evaluated 602 patients and identified the
peak of the distribution of the conus tip location at the
middle third of 1., (Arai et al., 2001). Soleiman et al. (2005)
assessed 635 patients and reported the mean conus
termination at L, middle thuird. They also reported a
difference between females (mean: ., middle third) and
males (mean: L., lower third) (Soleiman et al., 2005).

In our 289 cases, we determined the position of the
conus between T, upper third and L, middle third with a
mean of L., upper third. Tt was slightly lower in females
than in males in contrast to the findings of Saifuddin et al.
(1998) and Soleiman et al. (2005) m agree with the results
of Demirytirek et al. (2002) although, this difference was
insignificant. The mean position in different age groups
was variable and clinically insignificant in agree with
Saifuddin et af. (1998) and Demuryiwek ef al. (2002).

One setback to the previous studies 1s the potential
error of vertebral misidentification in MRI-based
determination of the conus tip in patients with transitional
vertebra. Except the study conducted by Kim et al.
(2003), m the above mentioned studies the presence of
transitional vertebra was not considered in the
assessment of the patients. We evaluated the lumbosacral
X-ray in all cases to avoid this potential error. We did not
find sigmficant effect on the conus position from the
presence of transitional vertebra or degenerative joint
disease.
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