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Lumbar puncture is an essential procedure in the 
armamentarium of clinicians, and its complications may result if 
carried out without a proper understanding of the anatomical 

2implications . The conus medullaris or "medullary cone” is the 
terminal end of the spinal cord and then the spinal nerves continue 
as dangling nerve roots called cauda equina. There are changes in 

3position of conus medullaris with gender and race .   Before the 
invention of modern imaging techniques, scientists studied the 
termination of spinal cord by actually dissecting cadavers and 
concluded that the termination of spinal cord was at lower border 
of L1.However, there were some limitations such as 
shrinkage,distortion, skeletonisation, poor positioning of 
specimens, aged population, significant spinal disorders which 
made these findings inapplicable to living human beings.                   

Later on after the invention of MRI, scientists found that there 
is wide range of termination of spinal cord. Advantages of MRI are 
it identifies possible disorders and provide wider age range in live 
healthy subjects. The ability to image the spinal cord directly 
rather than indirectly as in myelography, the absence of bone 
artifact as in CT scan and the multiplanar capabilities indicate that 
MRI is the procedure of choice for examination of the spinal cord. 
This study is beneficial for clinicians doing clinical procedures like 
lumbar puncture. Anesthesiologist practicing regional anesthesia 
will be benefited in understanding the exact neuraxial anatomy 
and avoiding neurological complications.

MATERIALS AND METHODS: 

MRI films of whole spine of 66 adults with age group of 18-65 
years of either sex were obtained from the Radio-diagnosis 
department of General Municipal Hospital Mumbai. Patients of any 
other age than mentioned above and with inter vertebral disc 
diseases and abnormality of vertebral column like kyphoscoliosis, 
tumors or leptomeningeal seeding, history of previous spine 
surgery,congenital spinal cord anomalies were excluded. In all 
patients MRI was performed in axial and sagittal plane. MRI of 
whole spine of these patients was performed on “PHILIPS MR 
ACHIEVA (1.5T)”.

In this study we used T1 and T2 – weighted sagittal spin echo 
and SS MYELO MRI sequences of whole spine with the patient in 
supine position to localize the tip of the conus medullaris. 

Each vertebra was divided into three equal portions: upper, 
middle, and lower thirds and the intervertebral disc were defined 
as a separate region. 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 conus 
medullaris was defined as the vertebral segment or intervertebral 
disc space that was determined by the line. Each vertebral segment 
and intervertebral space was assigned a number, such that upper 
third of T12 = 1, middle third L2 = 10 and lower third of S3 = 35 for 
statistical evaluation. To minimize the error average of three 
readings has been taken.
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Vertebral level of spinal cord termination on MRI and its correlation with age and 
gender in Indian population.

Confidence in performing a procedure like lumbar puncture comes from a knowledge base that 
1knows what to expect . The safe and successful performance of a clinical procedures demands a 

working and specific knowledge of anatomy. Aim- To determine the vertebral level of 
termination of spinal cord in Indian population using M.R.I. and correlate it with age and 
gender. Methods- MRI films of whole spine of 66 adults with age group of 18-65 years of either 
sex were analyzed and spinal cord termination noted. Results- Range of termination of spinal 
cord in study population was from T12 Upper (3%) to the L2-Middle (1.5%) one third of 
vertebra. Mamimum number of spinal cord termination was seen at LI middle one third of 
vertebral (24.2%). Conclusion- wide range of spinal cord termination noted in present study. 
There was positive correlation seen between spinal cord termination and different age groups. 
With increasing age spinal cord termination level was noted at lower vertebral level. Spinal 
cord termination and gender were not associated with each other in this study. However in 
females level of termination of spinal cord noted at lower level than in males.
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RESULTS

Table no 1: Spinal cord termination among study group:

Range of termination of spinal cord in study population was from 
T12 Upper (3%) to the L2-Middle (1.5%) one third of vertebra. 
Maximum no of spinal cord termination (24.2%) was at L1-Middle 
one third of vertebra.

Spinal cord termination and gender were not associated with 
each other in this study.

However in females level of termination of spinal cord noted at 
lower level than in males.

Table no 2: Association between spinal cord termination and 
gender:

T12 Upper

T12 Middle

T12-Lower

T12- L1 Space

L1 -Upper

L1-Middle

L1 - Lower

L1- L2 Space

L2-Upper

L2-Middle

Total

2

3

5

5

12

16

15

4

3

1

66

3

4.5

7.6

7.6

18.2

24.2

22.7

6.1

4.5

1.5

100

Spinal cord termination Frequency Percent 

Table no 3: Association between spinal cord termination and 
age groups:

Spinal cord termination and age groups were associated with 
each other in this study. With increasing age spinal cord 
termination level was noted at lower vertebral level.

Mn-Mean,Md-Median,Mx-Maximum number.

8In 2005 Soleiman J et al  assessed MRI of 635 patients and 
reported that the mean conus termination was at L1 middle third 
and the range was from lower third of T11 to upper third of L3 of 
vertebra.

9In 2009 Rahmani M et al  found that mean level of conus tip 
was at L1 upper third and the range was from T12 upper third to L2 
middle third of vertebra on MRI. In this study the range of spinal 
cord termination was same as that in present study.

In present study wide range of spinal cord termination may be 
due to assessment of spinal cord termination by MRI than by 
cadaveric dissection.

Present study attributed this difference from other studies to 
racial differences and techniques used in the study groups. 

 DISCUSSION:

Table no 4: comparison of level of termination of spinal cord: 

Spinal cord 

Termination 

  Sex Total 

Male Female 

T12 Upper ̂  Count 1 1 2 

 Percent 50.0% 50.0% 100.0% 

T12 Middle ^ Count 3 0 3 

 Percent 100.0% 0.0% 100.0% 

T12-Lower ^ Count 3 2 5 

 Percent 60.0% 40.0% 100.0% 

T12- L1 Space ^ Count 4 1 5 

 Percent 80.0% 20.0% 100.0% 

L1 -Upper * Count 4 8 12 

 Percent 33.3% 66.7% 100.0% 

L1-Middle * Count 7 9 16 

 Percent 43.8% 56.3% 100.0% 

L1 - Lower * Count 7 8 15 

 Percent 46.7% 53.3% 100.0% 

L1- L2 Space € Count 2 2 4 

 Percent 50.0% 50.0% 100.0% 

L2-Upper € Count 2 1 3 

 Percent 66.7% 33.3% 100.0% 

L2-Middle € Count 0 1 1 

 Percent 0.0% 100.0% 100.0% 

Total Count 33 33 66 

 Percent 50.0% 50.0% 100.0% 

     Chi-Square Tests Value df P value Association  

Pearson Chi-Square $ 7.983 9 0.536 Not significant 

Pearson Chi-Square # 4 2 0.111 Not significant 

 

 

Spinal cord Termination   Age (Yrs) Total 

Less than 50 

Yrs 

More than 

50 Yrs 

T12 Upper ^ Count 2 0 2 

  Percent 100.0% 0.0% 100.0% 

T12 Middle  ̂ Count 3 0 3 

  Percent 100.0% 0.0% 100.0% 

T12-Lower  ̂ Count 5 0 5 

  Percent 100.0% 0.0% 100.0% 

T12- L1 Space ^ Count 5 0 5 

  Percent 100.0% 0.0% 100.0% 

L1 -Upper  ̂ Count 11 1 12 
  Percent 91.7% 8.3% 100.0% 

L1-Middle * Count 13 3 16 

  Percent 81.3% 18.8% 100.0% 

L1 - Lower * Count 10 5 15 

  Percent 66.7% 33.3% 100.0% 

L1- L2 Space * Count 1 3 4 

  Percent 25.0% 75.0% 100.0% 
L2-Upper * Count 1 2 3 

  Percent 33.3% 66.7% 100.0% 

L2-Middle * Count 0 1 1 

  Percent 0.0% 100.0% 100.0% 

Total Count 51 15 66 

  Percent 77.3% 22.7% 100.0% 

     Chi-Square Tests Value df P value Association  

Pearson Chi-Square $ 19.854 9 0.019 Significant 

Pearson Chi-Square # 8 1 0.006 Significant 
Fisher exact     0.003 Significant 

 
 

        Author(s)&Year     Imaging 

Modality 

       Mn/Md/Mx             Range 

Thomson A
4
 1894 Cadaveric L1L T12M(L) to L3U 

Needles JH
5
 1935 Cadaveric L2 U T12M– L3L 

Saifuddin A et al6, 1998 MRI L1L T12M–L3U 

McDonald A et al7 1999 MRI L1M T11M-L3M 

Soleiman J et al
8
 2005 MRI L1M T11 L-L3U 

Rahmani M9 2009 MRI L1U T12U-L2M 

Present study MRI L1-Middle T12 U-L2M 
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Table no 5: comparison of spinal cord termination in males 
and females

Mn/Md/Mx-Mean/Median/Maximum number

In 2005 Soleiman J et al8 reported that spinal cord terminated 
at a statistically significant lower level in females.In 1998 
Saifuddin A et al6 noted men to have a slightly longer spinal cord 
but not clinically or statistically significant.In 2009 Rahmani M et 
al9 studied spinal cord termination in 289 patients including 
111(38.4%) male and 178(61.6%) female patients. This 
difference was not statistically significant (p=0.012). 

 Present study was in agreement with previous studies in 
which no statistical difference in spinal cord termination between 
male and female patients was found. 

  Spinal cord termination in different age groups:

In 1998 Saifuddin A et al6 studied position of conus medullaris in 
231 men and 273 women with mean age was 46 years (range 16- 
85 years).The study population was stratified into age ranges of 10 
years. There was no significant difference observed between 
conus position and different age groups.In 2001 Arai Y10 studied 
conus medullaris on MRI. The cases were divided into three 
groups according to age. There was no significant relationship 
observed between conus level and different age groups but the 
juvenile group showed more distal distribution of the conus as 
compared to the young and adult group and the elder group. 

In present study there were two age groups as follows. 

1. Vertebral level of spinal cord termination in adult Indian 
population varies from T12 Upper (3%) to the L2-Middle (1.5%) 
one third of vertebra. Maximum (24.2%) no of spinal cord 
termination was at L1-Middle one third of vertebra.

2. Level of Spinal cord termination is not influenced by gender.

3. After the 5th decade of life termination of spinal cord is noted 
at lower vertebral level as a result of relative decrease in vertebral 
column length due to age related degenerative changes. 

Spinal cord termination and age were associated with each 
other as it has been observed that with increasing age spinal 
cord terminated at lower vertebral level.

Fig 1: spinal cord termination at upper 
one third of L1

Two red lines dividing L1 into three equal 
thirds, vertical black line-longitudinal axis 
of spinal cord, horizontal black line passing 
through terminal part of CM.

CONCLUSIONS:

Table no 6: spinal cord termination in different age groups.

Author Male Female 

Range Mn/Md/Mx Range Mn/Md/Mx 

Rahmani M
9
 2009 T12U-L2U L1 U T12U-L2M L1M 

Present study T12U- L2U L1 U T12U-L2M L1M 

 

REFERENCES

1. Kneebone RL. Twelve tips on teaching basic surgical skills 
using simulation and multimedia. Med Teach 1999; 
21:571–575.

2. Wigton RS. Training internists in procedural skills. Ann Int Med 
1992; 116:1091–1093.

3. Demiryurek D, Aydingoz U, Aksit MD, Yener N, Geyik PO. MR 
imaging determination of the normal level of conus medullaris. 
J Clin Imaging 2002; 26:375–377.

4. Thomson A, “Fifth annual report of the committee of collective 
investigation of the Anatomical Society of Great Britain and 
Ireland for the year 1893–94,” Journal of Anatomy and 
Physiology, Lond. 1894; vol. 29: pp. 35–60.

5. Needles JH.The caudal level of termination of the spinal cord in 
American whites and American Negroes. Anat. Rec.1935; 63: 
417-424.

6. Saifuddin A, Burnett SJD, White J. The variation of position the 
conus medullaris in an adult population: a magnetic resonance 
imaging study. Spine 1998; 23:1452-1456. 

7. Macdonald A, Chatrath P, Spector T, Ellis H. Level of termination 
of the spinal cord and the dural sac: a magnetic resonance 
study. Clin Anat 1999; 12: 149–152. 

8. Soleiman J, Demaerel P, Rocher S, Maes F, Marchal G, “Magnetic 
resonance imaging study of the level of termination of the 
conus medullaris and the thecal sac: influence of age and 
gender,” Spine, 2005; vol. 30, no. 16, pp. 1875–1880.

9. Rahmani M, Shabani Samghabadi MA, Vaziri Bozorg SM. 
Magnetic Resonance Imaging based determination of conus 
medullaris position in adults. Research journal of biological 
sciences 2009, 4(2):157-159. 

10. Arai Y, Shitoto K,Takahashi M, Kurosawa H. Magnetic 
resonance imaging observation of the conus medullaris.Bull 
Hosp Jt Dis 2001; 60 :10-12.

Copyright 2010 BioMedSciDirect Publications IJBMR - ISSN: 0976:6685. 
All rights reserved.

c


	Page 1
	Page 2
	Page 3

