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INTRODUCTION 
It is believed that spinal anesthesia is safe 

and harmless; however, the incidence of side 

effects ranges from 3 to 45%.
1-7

 Conus 

medullaris (CM) is the most distal point of the 

spinal cord and dura that could be visualized 

on the sagittal sequence. CM location follows 

a normal distribution, from the lower third of 

L1 (ranging from the middle third of T12 to 

the upper third of L3).
8
 It is important to know 

the level of the lumbar spine to have a safe 

spinal block after an intervertebral injection. 

Counting the intervertebral spaces before 
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ABSTRACT 

Background and aims: Finding the safe location of spinal cord for cerebrospinal fluid 
(CSF) during surgical procedures is very important due to its various nature for each 
patient as well as its potential peripheral nervous system hazards. The aim of this study 
was to find the relationship between the location of conus medullaris (CM) and gender, 
age and body mass index (BMI) in order to minimize the potential diagnostic errors. 
Methods: Magnetic resonance imaging (MRI) with T1-weighted sagittal spin echo 
sequences of the lumbar spine was studied in 350 patients older than 20 years old, whom 
had been referred for imaging in order to assess the potential causes of low back pain of 
the lumbar spine, and were referred to Shahid Chamran MRI center in Sanandaj, located 
in the west of Iran, this study was done in 2014. The results were compared with 
international standards to reveal the potential errors. 
Results: In different age groups, the mean position was varied ranging from T12-L1 
intervertebral disc to upper part of L1 middle third, not clinically significant. The inter 
canal position of the spinal cord was toward dorsal. No significant relationship was found 
between CM and gender, age as well as BMI. Similar relationship was found for the 
spinal cord position in spinal column. 
Conclusion: There is a safe region of 2-4 vertebral bodies and intervertebral spaces 
during spinal block. It means that the variation of CM position and its end level could be 
a guidance to realize that why neurological symptoms may vary in different patients. 
 
Keywords: Diagnostic errors, Conus medullaris, Anatomic variations, Imaging modalities. 

O
rig

in
a
l a

rticle 



Rostamzadeh A, et al. Prevention of diagnostic errors in position of conus medullaris 

119 

spinal block is an important way to evade 

damage to the spinal cord. In two thirds of the 

patients; however, finding the intervertebral 

space with palpation fails to give us the right 

location. In fact, using a safe location for 

spinal block (a form of regional anesthesia 

involving injection of a local anesthetic into 

the subarachnoid space, generally through a 

fine needle, usually 9 cm long) during surgical 

procedures is very important. Moreover, the 

neurological structures at the level of the 

thoracolumbar spine are critical for lower-

extremity motor, sensory function, as well as 

bowel, bladder, and sexual functions.
9
 The 

lumbar sympathetic, sacral parasympathetic 

and sacral somatic nerves originate within the 

CM and they are carried within the nerve roots 

of the cauda equine.
10,11

 The cauda equina is 

an anatomical region, where the only remnant 

of the spinal cord is the filum terminal and the 

neurological structures include the lumbar and 

sacral nerve roots.
12

 There are different 

imaging methods for spinal column and spinal 

cord; such as radiography, computed 

tomography (CT) scan and magnetic 

resonance imaging (MRI)
13

 (Figure 1). 

 

 
 

Figure 1: Coronal CT scan of the lumbar 

spine shows spinal column and vertebrae. 

Note to position of conus medullaris and 

cauda equina in spinal canal. 

Due to optimal assessment of bone 

anatomy and degree of canal occlusion, CT 

scan has a variety of applications of the 

imaging of spinal region. Nonetheless, CT 

scanning has a limited capacity for visualizing 

the precise size of a traumatic disc herniation, 

presence of epidural or subdural hematomas, 

nature and degree of ligamentous disruption, 

or the changes in the spinal cord parenchyma. 

However, MRI has improved our ability to 

visualize and comprehend the degree of soft-

tissue ligamentous injury, intervertebral disc 

disruption and herniation, spinal cord 

parenchymal edema, and hemorrhage or 

disruption following spinal injury. 

Furthermore, MRI is a noninvasive and 

nonionizing modality that allows improved 

visualization of the spinal cord parenchyma 

and adjacent soft-tissue structures.
13,14

 

Unfortunately, MRI has a few drawbacks. 

It may not be available in all institutions, it 

requires more time to obtain a full 

complement of images, and patients with 

claustrophobia or patients with specific 

ferromagnetic implants cannot undergo MR 

imaging.
15

 

Due to raising costs and potential 

dangers, lumbar radiograph and MRI are not 

appropriate for routine use to check the conus 

position and lumbar spinal level in every 

spinal block procedure.
16

 Purpose of this study 

was to find the relationship between the 

location of CM and spinal position in adult 

patients, with age, gender, and body mass 

index (BMI). 

 

METHODS 
This cross-sectional study was conducted 

on patients referring to Shahid Chamran MRI 

center in Sanandaj, West of Iran in 2014. All 

the procedures were done in accordance with 

the ethical standards of the responsible 

committee on human experimentation 

institutional. Informed consent was obtained 

from all patients for attending in the study. 
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The study population were patients older than 

20 years of age during which final growth of 

the skeletal system and final position of the 

CM in spinal column occurred. Exclusion 

criteria included spinal operation, 

kyphoscoliosis, congenital anomalies such as 

syringomyelia or dural cyst, and abnormality 

of the vertebrae or cord. For this study, 350 

eligible patients (199 males and 151 females) 

were selected during May to December 2014. 

T1-weighted sagittal spin echo MRI 

sequences of the lumbar spine with the patient 

in the supine position were studied to evaluate 

the location of CM. The patients' height and 

weight were measured by a trained medical 

technician. Images were obtained by 1.5 Tesla 

MR Scanner (Siemens, Symphony, Germany) 

with slice thickness of 4-5mm and slice 

interval of 1mm. A line vertical to the long 

axis of the cord and the dura was extended to 

the adjacent vertebra, and the position was 

defined in relation to the vertebra. Each 

vertebra and intervertebral space was divided 

to four sections. Additionally, vertebral body 

was divided to three identical parts: upper, 

middle, and lower thirds (Figure 2).
17

 

 

 
 

Figure 2: T2-weighted sagittal MRI 

showing spinal cord, conus medullaris 

position and its boundaries. 

A horizontal line was drawn from the 

most distal part of the spinal cord on 

midsagittal image perpendicular to the 

longitudinal axis of the spine. The position 

of the CM was defined as the vertebral 

segment or intervertebral disc space that was 

determined by the line. In addition, the 

shape of the CM in those imaged was 

investigated by three types: type A was 

defined as the tip of the conus bevel 

deviated to ventral, type B to central, and 

type C to dorsal (Figure 3).
18

 

 

 
 

Figure 3: The position of the conus 

medullaris in spinal canal. Type B was 

defined as the tip of the conus to the central. 

 

The vertebral body was determined by 

counting downward from Lower third of T11 

(as the highest level) to middle third of L4; 

lowest (as the lowest level). This method was 

used for uniformity of the procedure. The tip 

of the lowest level of spinal cord was accepted 

as the CM in sagittal MRI. The procedure was 

conducted by a radiologist, blinded to the 

study purpose. The recorded data were: age, 

gender, BMI, positions of the CM, and spinal 

position. SPSS (version 20) was applied for 
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the statistical analysis using Chi-Square, 

Kruskal Wallis Test, and ANOVA. The 

Kolmogorov-Smirnov test was performed to 

determine the variability in the tip of the conus 

level. Since based on the Kolmogorov-

Smirnov analysis, there was no difference 

between the BMI and CM in male patients; 

ANOVA test was also applied. The two-

sample Kolmogorov-Smirnov test was 

performed to determine the differences 

between genders. The p-values were 

significant at level of less than 0.05. 

 

RESULTS 
Table 1 summarizes the main 

characteristics of the study population. There 

was no significant difference between men 

and women with regards to the characteristics 

of weight, height, CM and age. 

 

Table 1: Main characteristics of study population 

Characteristics Gender 
Male Female 

Mean ± SD Mean ± SD 
Weight 72.39 ± 8.8 73.29 ± 8.03 
Height 177.83 ± 5.65 173.52 ± 3.7 
CM 10.54 ± 3.64 11.35 ± 3.59 
Age 39.51 ± 10.76 40.78 ± 10.92 

 
The position of the CM was between T12 

upper third and L2 middle third with a mean 

of L1 upper third. The conus was located from 

T12 upper third to L2 upper third (mean: L1 

upper third) in males and from T12 upper 

third to L2 middle third (mean: L1 middle 

third) in females. This difference was not 

statistically significant. In different age 

groups, the mean position was varied ranging 

from T12-L1 intervertebral disc to upper part 

of L1 middle third and did not seem to be 

clinically significant (Figure 4). 

 
Figure 4: Distribution of the conus medullaris level in the patients of this study. The comparison of 

the conus medullaris had no significant relationships with gender 

 

Images from 350 patients were assessed 

for the study. There were no significant 

discrepancy between the position of CM and 

spinal position, physical parameters such as 
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age, gender and BMI. The results also 

showed that the inter canal position of the 

spinal cord was toward dorsal (Table 2) 

(Figure 5). 

Table 2: The position of the spinal cord's tip 

in the spinal canal 

Position Gender  

Male Female Total 

No. (%) No. (%) No. (%) 

Dorsal 42 (21.1%) 116 (76.8%) 158 (45.1%) 

Central 119 (59.8%) 24 (15.9%) 143 (40.9%) 

Ventral 38 (19.1%) 11 (7.3%) 49 (14.0%) 

Total 199 (100%) 151 (100%) 350 (100%) 

 

 
 

Figure 5: The inter canal position of the 

spinal cord in the study patients showing 

that the position is toward dorsal. 
 
DISCUSSION 

Large variations in CM position were 

found in normally developed adults; with 

extensive data available for cadaveric and live 

populations. The study showed that in different 

age groups, the mean position varied with no 

clinically significant result. The inter canal 

position of the spinal cord was also toward 

dorsal. There was no significant relationship 

between CM and spinal cord position in spinal 

column with gender, age as well as BMI. 

Previous studies suggested that CM could 

reach the adult‘s position by 2 years of age 

and lies at an average position of L1 to L2. Up 

to now, the position of CM has been reported 

in different articles which were conducted on 

cadaver. For example, Thomson found that the 

position of the conus between 5 mm above the 

lower margin of T12 and upper margin of L3 

among 198 adult cadavers, lower in women 

than in men.
19

 In the present study, there was 

no statistical difference in males and females 

regarding the position of CM. Similarly, 

Cotter 20 with 234 cases reported that there 

was no relationship between cord length and 

vertebral column. In his series the level of the 

CM varied between the middle of T12 and the 

lower border of L2, but in 77% of white males 

cord termination level was between the upper 

border of L1 and L2.
20

 These findings 

supported the results of present study. 

However, in an examination of 240 

adult cadavers, Needles reported that the 

cord termination was between the middle 

third of T12 and the lower third of L3; and 

in 49% of his series, the CM level was 

between the lower third of L1 and the upper 

third of L2.
21

 There was a significant 

statistical difference in CM level between 

male and female groups in the studies of 

Needles.
21

 In contrast, no difference was 

found in distribution of conus position 

between males and females in our study. 

Reiman and Anson studied 129 

consecutive adult specimens. They explained 

the mean conus position to be at L1- L2, 

ranging between the lower third of T12 and 

the middle third of L3.
22

 Malas and colleagues 

reported that CM was at L4 level in 14 out of 

25 fetuses, at L2 level in 10 out of 25 

neonates; whereas, CM was at L1-L2 level in 

11 out of 25 adults.
23

 Nowadays, MRI has 

made it possible to determine the distribution 

of CM level in the living population. In 

addition, in the study of Kim et al.
24

 it was 
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stated that the CM was most frequently 

located at the level of lower third of L1 and 

then L1-L2. In a study, with 504 adult cases 

without spinal deformity, found that the tip of 

the conus was between middle third of T12 

and upper third of L3 with a mean position at 

the lower third of L1.
25

 They found that conus 

position was slightly lower in males than in 

females without any statistical significance. 

The results of this study are congruent with 

our study. Although, they did not evaluate 

racial differences and they did not find any 

change in the conus location with increasing 

age. However, we considered other factors 

like gender, age and BMI in the present study. 

Demiryürek et al. studied 639 patients and 

noticed that the conus tip was from T11-T12 

intervertebral disc space to the upper third of 

L3.
8
 The conus were near one vertebra lower 

in females (mostly at L1-L2 disc) than in 

males (mostly at T12-L1 disc). They found no 

difference in the conus level related to 

increasing age, which agree with the results of 

the present study. Soleiman and colleagues 

assessed 635 patients and reported the mean 

conus termination at L1 middle third.
26

 They 

also reported a difference between females 

(mean L1 middle third) and males (mean L1 

lower third). In contrast to the findings of 

Saifuddin, the results of the current study did 

not show a significant difference between CM 

position in males and female.
25

 Another study 

suggests that because older patients with 

osteoporosis or age-related vertebral deformity 

usually have a reduced height of the vertebral 

body, the segmental position of the conus 

could be lower.
27

 This result is not approved 

by the present study. 

In general, the positions of the CM and 

spinal position measured in the participants of 

the present study corresponded well to the 

results of previous studies. However, other 

studies did not include the relationship 

between CM and spinal position compared 

with BMI.
28

 Thus, this feature of the present 

study could be an element that might be 

emphasized in future studies with a larger 

sample size. Other studies found age as an 

element that could change the position of CM; 

this was incongruent with the current study.
24

 

In conclusion, the results of the present 

study could be also helpful for the following 

specialists: anesthetists, neurosurgeons, 

medical emergency specialists, and 

radiographers. An anesthetist should exactly 

know anatomical variations to achieve a 

minimum of spinal cord trauma during an 

anesthetic procedure. Moreover, a 

neurosurgeon needs the level of CM as well 

as its position during a lumbar puncture 

procedure. Additionally, as we showed in 

this study that the position of CM is mostly 

dorsal, it could be dangerous for patients 

undergo a CSF aspiration. 

Furthermore, the variety of the position of 

the CM in patients might be dangerous when 

one face a patient in an emergency ward for 

triage and transferring him/her to imaging 

centre. Finally, the variation of the CM 

position and its end level could be a guidance 

that why neurological symptoms varies for 

different patients. The most common level of 

conus medullaris (CM) was the lower third of 

L1 both in males and females. One should 

consider that checking and marking the 

corresponding vertebral level may be helpful 

to select a safe intervertebral level. The 

present study showed that it would be 

practical to know the CM position in the same 

patient population; since lumbar radiograph 

and MRI cannot be routinely recommended 

for all patients scheduled for spinal block .The 

distribution of CM location in a large adult 

population was shown to range from the 

middle third of T12 to the upper third of L3 

level. Our study which has a fairly large 

number of cases is suggested to help to 

determine the range of CM level in Kurdistan 

(Iran) people. It is important to consider the 

possible range of CM level when performing 

lumbar puncture and avoid complications for 

lumbar surgery. It is possible that the ethnic 



International Journal of Epidemiologic Research, 2015; 2(3): 118-125. 

124 

differences in the samples may be relevant to 

the diverse findings of these studies. 

Therefore, it is recommended that further 

studies be conducted using different 

ethnicities. Although there is substantial 

number of researches in this area, there are 

still many issues for debate; for example, the 

effects of race, sport and nutrition. 
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