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Abstract
Background: A wide range of variation in the termination
of the spinal cord in normal adult population has been
observed. Studies abound in foreign literature on the
termination of the spinal cord but there is dearth of data
concerning this subject in our environment. A good
knowledge of the normal level of termination of the
conus medullaris in our setting is imperative in every day
medical practice.
Aim of the study: To determine the vertebral levels of
termination of the spinal cord in living adult population in
Port Harcourt Metropolis, Rivers State, Nigeria using MRI
and to compare findings with previous similar studies.
Materials and Methods: A retrospective cross-sectional
design was adopted in this study and was conducted in a
single radio-diagnostic center with MRI scanner in Port
Harcourt metropolis, Rivers State, Nigeria. Ethical
approval was obtained from the Research Review
Committee Board of the study center and the retrieved
data were treated with utmost confidentiality and used
for the purpose of this study only. Both T1W and T2W mid
sagittal, spin-echo MR images were analyzed. The
terminations of the conus medullaris were identified on
sagittal images and were defined as the most distal point
of the cord that could be visualized on the sagittal image.
A line perpendicular to the long axis of the cord was
drawn and extended to the adjacent vertebra. This
location was recorded in relation to the upper, middle, or
lower third of the adjacent vertebral body or the adjacent
intervertebral disc. The obtained data were analyzed
using SPSS version 22.

Results: Out of the 177 study population, greater
numbers of the spinal cords terminated at middle third of
L1 74 (males: 35 (36.47%) and females: 39 (48.75%)) as
highest and the least terminated at the L3U, which is
1(male: 1(1.04%). Maximum numbers of the cases were
within the age group 46-55 years old, 54 (Middle third of
L1=29 (16.38%, upper third of L2=6(3.39%) and lower
third of L2=4(2.26%) and the least were within the age
group 15-25 years, which is 6 (middle third of L1=3
(1.69%), middle third of L2=I(1.04%) and T12/L1
disc=1(1.04%)).
Conclusion: The average level of termination of the spinal
cord in our study is at the middle third of L1 vertebral
body. No gender difference in spinal cord termination. It is
hoped that the finding of this study will serve as a useful
guide for medical practitioners in our setting.
Keywords: Conus medularis; MRI; Termination

Introduction
The spinal cord is an important structure in humans and its
caudal end is referred to as the Conus Medullaris (CM). The
termination of the conus medullaris with respect to the
vertebral level in normal population has been widely studied
[1-5] and variations in the termination of the spinal cord have
also been documented [4]. Previous studies reported that the
conus medullaris most commonly terminates at L1/2
intervertebral level in both children and adults [2,3,6].
However, it has been observed that termination of the spinal
cord varies from mid-T11 to mid-L3 vertebral body levels and
the average termination varies from study to study [2,3,6].
The position of the conus medularis is defined as the most
distal point of the cord and the factors that may affect the
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conus position after attaining its final level remains largely
unidentified [1]. In the past, it was stated that the female cords
and those of negroes tend to be slightly longer on average
than those of white males [7,8]. Nevertheless, recent studies
revealed that there is no remarkable difference in spinal cord
termination in both males and females and in the different age
groups except neonates/infants less than one year old [9,10].
The level of termination of the conus medullaris has been
studied, mostly in cadavers and living subjects using
myelography. However, MRI has made possible the study of
the level of termination of the conus medullaris in living
humans.
Magnetic Resonance Imaging (MRI) is a good imaging
modality, which gives near accurate information on the various
body structures. The level of termination of CM can be
accurately defined on majority of mid sagittal T1 weighted
Lumbosacral MRI studies [11].
Studies abound in foreign literatures on the determination
of the termination of the spinal cord either from cadaveric
studies or studies in the living humans. However, there is
dearth of data concerning this subject in our environment. A
good knowledge of the level of termination of the conus
medullaris in normal adult population in our setting is
imperative for clinicians while performing diagnostic or
therapeutic lumbar puncture. This study is designed to
evaluate the level of termination of the spinal cord in living
normal adult population in Port Harcourt Metropolis, Rivers
State, Nigeria and also compare findings with similar previous
studies.

Figure 1 Sagittal T2W image showing a line (line 1) drawn
perpendicular to the long axis of the cord and extended to
the adjacent vertebra to indicate the level of termination of
the conus medullaris.

Materials and Methods
A retrospective cross-sectional design was adopted in this
study and was conducted in a single radio-diagnostic center
with MRI scanner in Port Harcourt metropolis, Rivers State,
Nigeria. Ethical approval was obtained from the Research
Review Committee Board of the study center and the retrieved
data were treated with utmost confidentiality and used for the
purpose of this study only. A total of 177 radiological images of
patients who underwent lumbosacral MRI scan in the selected
study center with the view to determine the various causes of
low back pain were studied. All the images used in this study
were acquired on 0.35 Tesla General Electric medical system
MRI machine and were selected based on our predetermined
inclusion criteria. Both T1W and T2W mid sagittal, spin-echo
MR images were analyzed. The terminations of the conus
medullaris were identified on sagittal images and were defined
as the most distal point of the cord that could be visualized on
the sagittal image. A line perpendicular to the long axis of the
cord was drawn and extended to the adjacent vertebra (Figure
1). This location was recorded in relation to the upper, middle,
or lower third of the adjacent vertebral body or the adjacent
intervertebral disc (Figure 2) according to Saifuddin et al. [5].

Figure 2 Sagittal T2W image showing lines drawn in relation
to the upper, middle, or lower third of the adjacent
vertebral body or the adjacent intervertebral disc.

Result
The study population consisted of 92 (51.98%) men and 85
(48.02%) women with a mean age of 39.56 years. The
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distribution of the spinal cord termination levels in living
normal adult population were measured to range from T12M
to L3. The evaluation of the termination levels was done
according to gender and age. Of the 177 study population,
greater numbers of the spinal cords terminated at middle third
of L1, which is 74 (males: 35 (36.47%) and females: 39
(48.75%)) as highest, followed by those that terminated at
upper third of L2, 21 (males: 13(13.54) and females: 8(10%)
and the least terminated at the L3, which is 1(male: 1(1.04%)
(Figure 3).

Figure 3 Termination of the spinal cords levels.
With regards to age distributions of the termination of the
spinal cords, maximum numbers of the cases were within the
age group 46-55 years old, 54 (Middle third of L1=29 (16.38%,
upper third of L2=6(3.39%) and lower third of L2=4(2.26%),
followed by the age group 36-45 years old, 37 (middle third of
L1=20 (11.69%), middle third of L2=1 (1.04%) and lower third
of L2=1 (1.04%) and the least were within the age group 15-25
years, which is 6 (middle third of L1=3 (1.69%), middle third of
L2=I(1.04%) and T12/L1 disc=1(1.04%]) (Table 1).
Table 1 Frequency distribution of spinal cord termination
among the subject age groups.
Age Groups (Years)
Vertebr
al
Levels

15-2
05

2635

36 –
45

46-5
5

5665

6675

7685

To
tal

5

2

7

1

1

1

3

1

1

3
18

T12M
T12L
T12/
L1DIS
C

1

L1U
L1M

3

L1L
L1/
L2DIS
C

9

2

1

20

29

8

5

3

74

3

9

4

–

18

–

10

2

1

L2U
L2M

6

6

1

–

–

3

4

2

3

9

6

2

1

1

1

4

7

1
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L2L

1

L3U

–

Total

6

15

1

–

4

–

37

54

32

25

6
1

1

8

17
7

Discussion
Prior to the era of modern imaging modalities such as MRI,
scientists evaluated the termination levels of spinal cord and
dural sac by dissection of cadavers and it was generally agreed
that the conus medullaris terminates in the lower third of L1
vertebra [4,12,13]. With the introduction of MRI, researchers
had documented that there is wide range of termination of
spinal cord in live healthy subjects [12].
In our study, the male population was highest when
compared with their female counterparts. This finding is
similar to the finding of the study conducted by Sharma et al.
[14]. Sharma et al. included 50.79% males and 49.21%
females. This finding is contrary to the findings of the studies
carried out by Karabulut et al. [15], Binokay et al. [16] and
Saifuddin et al. [5]. Karabulut et al. study, they studied data
which comprised of 607 women and 314 men. Binokay et al.
[16] study, reported higher female population, which was 400
out of 682 sample size. The differences in our findings could be
ascribed to the different sample sizes studied and the
geographical variations. Saifuddin et al. [5] study group
consisted of 231 men and 273 women.
Majority of the cases included in this study, were within the
age group of 46-55 years with varying cord termination
distribution. There is no difference in the cord termination in
males and females.
In our study we found that the spinal cord was located
between middle third of T12 and L3 vertebral bodies. This
finding corroborates with the findings of studies conducted by
Saifuddin et al. [5], Moussallem et al. [11], Moore and Persaud
[17], Grewal and Tarpey [18]. Saifuddin et al. [5] study, which
was conducted to evaluate the variation of position of the
conus medullaris in 504 adult population that underwent MRI
scan of lumbosacral spine, found that conus medullaris was
located between middle third of T12 and upper third of L3
vertebral bodies. Grewal and Tarpey [18] study, which was
carried out to assess the damage to the conus medullaris from
spinal anesthesia, revealed that the conus position varied from
middle third of T12 to upper third of L3. Moussallem et al. [11]
study, conducted to determine the relationship of the lumbar
lordosis angle to the level of termination of the conus
medullaris and thecal sac, found that the position of the CM
range between middle third of T12 and the upper third of L3.
Also, Moore and Persud [17] reported that the mean conus
position range was between the middle third of T12 and the
upper third of L3. The finding of this current study is not in
agreement with findings of similar studies by Thomson [19],
McCotter [20], Karabulut et al. [15], Rahmani et al. [21].
Thomson [19] study found that the range for the cord
termination was between the lower third of T12 and the upper
third of L3 vertebral bodies. Similarly McCotter [20] reported
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conus termination between the upper T12 and L2-L3discs. The
discrepancies in our findings could be ascribed to the different
sample sizes, nature of the studies and the geographical
variations of the various studies.
In our study, we found that the majority of the cases had
the cord terminated at the middle third of L1. This finding is
consistent with the findings of the studies conducted by Malas
et al. [22], Demirywrek et al. [4] and Moon et al. [23]. Malas et
al. [22] study, which was carried out to investigate the conus
medullaris termination level during the period of fetal
development to adulthood, revealed termination of the conus
at L1 62.5% and 21.8% between L1 and L2. Demiryurek et al.
[4], also reported the termination of conus at L1 with the
highest percentage 44.4%. Moon et al. [23] in their study,
designed to determine the conus medullaris in a Korean
population using MRI, reported that the majority of the case
had their conus termination at L1 (52.4%).
The termination of conus medullaris at L1 has been ascribed
to the non-uniform growth of the conus with the bony spinal
column during the embryonic period [3,4,6,24]. The slight
differences in our findings could be attributed to the different
sample size studied.
Our finding is in contrast with the findings of other related
studies conducted by Gatonga et al. [25], Karabulut et al. [15],
Thomson, [19], McCotter [20]. Gatonga et al. study, which was
conducted to evaluate the spinal cord termination in adult
Africans and also determine its relationship with the
intercristal line and the transumbilical plane, reported that the
upper third of L2 had the highest percentage of cord
terminations (51.9%). Karabulut et al. [15], reported L1-L2 as
the highest point of cord termination (272, 29.5%). Thomson
[19], found the conus termination at L2 in 43% in men and
27% in women. McCotter [20] found that 77% of the men had
their cord termination between upper third of L1 and the
upper third of L2. According to McCotter [20], lower
termination for women was noticed and the lowest level of
the termination was the lower third of L3. Several researchers
noticed that the older patients with osteoporosis or age
related vertebral abnormalities normally have decrease in
height of the vertebral body and the segmental position of the
conus could be relatively lower [26,27]. According to Gatonga
et al. [25], the spinal cord, which terminates at or below the
upper third of L2, should informed adequate care when
carrying out lumbar punctures and spinal epidural anesthesia
among Africans. According to Gatontga et al, intercristals line
and transumbilical plane are safe sites to use in identifying the
conus medullaris. The different sample size, nature of the
studies which centered on the study objectives contributed
greatly to the discrepancies identified in our findings.

Conclusion
The average level of termination of the spinal cord in our
study is at the middle third of L1 vertebral body. No difference
was observed in the termination of the spinal cord between
males and females and in the different age ranges. It is hoped
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that the findings of this study will serve as a useful guide for
medical practitioners in our setting.
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