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Abstract: Adolescent idiopathic scoliosis (AIS) is a structural 3-dimensional deformity the spine, which is occurring 
between 10 years of age and skeletal maturity and it mostly affects prepuberbal girls. The etiology of AIS remains 
unknown and seems should be multifactorial. According to the theories, there could be a shorter spinal cord or a 
higher location of the conus medullaris and disproportionate growth in neuro-osseous system. This study wants to 
investigate the position of the conus medullaris in AIS patients with a large curve magnitude in comparison with 
healthy adolescents. 94 AIS patients consisting of 25 males and 69 females between 11 and 25 years old, based 
on physical examination and standing posteroanterior roentgenography of the total spine with a Cobb angle more 
than 40 degrees was chosen. The main curve magnitude of every AIS patient was measured by the Cobb method. 
Apex of deformity was determined based on SRS definition. Patients’ deformity were calcified based on Lenke classi-
fication. Magnetic resonance imaging examinations of the total spine were performed in the AIS group, by means of 
a 1.5-T magnetic resonance imaging system. The position of conus medullaris was defined according to the method 
by saffiudin et al and was assessed based on the age, sex, type of deformity, severity of deformity, kyphosis, lordo-
sis, flexibility, apical vertebra, stable vertebra. The mean age of patients were 16.34 with 6.77 of conus medullaris 
position in mean, which was lower one-third of L1. Our study showed no significant correlation between the position 
of conus medullaris with age, weight, preoperative curve, flexibility, types of deformity based on Lenke classification 
and degree of kyphosis and lordisis. In conclusion, there is the same mean and the distribution of the conus medul-
laris locations for AIS patients and normal populations.
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Introduction 

Scoliosis is defined as a lateral deviation of the 
spine greater than 10 degrees on a radiograph. 
Idiopathic scoliosis is defined as structural 
3-dimensional deformity of the spine, occurring 
in an otherwise healthy child, for which no rec-
ognizable cause exists. The Scoliosis Research 
Society recommends that idiopathic scoliosis 
be classified according to the age of the patient 
when the diagnosis is made. Adolescent idio-
pathic scoliosis (AIS), occurs between 10 years 
of age and skeletal maturity. AIS mostly affects 
peripubertal girls [1]. The etiology of AIS 
remains largely unknown [2-5] despite exten-
sive research for decades. Based on the cur-

rent understanding, it is generally acknowl-
edged that the cause of AIS should be 
multifactorial [6-9], these multiple elements, 
uncoupled neuro-osseous growth between the 
spine and the spinal cord was thought to be a 
potential factor impacting on the development 
of the AIS [10-13]. According to this theory, 
there could be a shorter spinal cord or a higher 
location of the conus medullaris. As a hypothe-
sis in some scholastic patients, there is dispro-
portionate growth in neuro-osseous system. 
And spine buckling occur into a scoliosis defor-
mity because the longitudinal growth of the spi-
nal cord fails to keep pace with the growth of 
the vertebral column [10-14]. 
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In the current study, we attempted to investi-
gate the positions of the conus medullaris in 
AIS patients with a large curve magnitude in 
comparison with healthy adolescents as pub-
lished in the literature [15] to explore the rela-
tionship of those with patients’ age, sex, curve 
magnitude, and curve pattern.

Previously, there were several studies concern-
ing the conus medullaris locations in healthy 
populations, And a few Studies in scoliotic 
patients. Thomson [16] first reported the conus 
locations in adult cadavers. It was Reimann 
and Anson [17] who introduced the concept of 
the vertebra/disk unit to identify the conus 
position. With the advent of MR imaging, inves-
tigation on the conus position in the living pop-
ulation became available.

Methods

Patients 

A retrospective radiographic study was per-
formed on 94 AIS patients with a Cobb angle 
more than 40 degrees who had magnetic reso-
nance (MR) imaging examinations of the spine 
before receiving surgical interventions at our 
hospital during the period from October 2012 
to January 2013. Diagnosis of AIS was based 
on physical examination and standing postero-
anterior roentgenography of the total spine. 
There were 94 patients consisting of 25 males 
and 69 females. All patients were aged between 
11 and 25 years (mean 16.34 ± 3 years).

Ethical approval and informed consent from the 
patients have been obtained.

All patients were neurologically normal on detail 
clinical examination. Exclusion criteria included 
history of back injury, weakness or numbness 
in one or more limbs, urinary incontinence, or 
nocturnal and any suspected congenital spinal 
anomaly. 

On the following MRI examinations, anyone 
with positive finding suggesting a cerebral, cer-
ebellar, or spinal disorder or presence of any 
thickening of the filumterminal or a conus loca-
tion lower than L3 was also excluded. Therefore, 
all the subjects included in this study were con-
sidered not to have disorders that would affect 
the position of the conus medullaris.

The main curve magnitude of every AIS patient 
was measured by the Cobb method (Figure 1). 
For patients with more than one curve in the 
spine, the magnitude of the largest curve was 
used as the Cobb angle for the following analy-
ses. Apex of deformity was determined based 
on SRS definition (Table 1). Based on changing 
in angle at the bending relative to PA radio-
graphs, flexibility of curve was determined. 
Subsequently, Patients deformity were calcified 
based on Lenke classification (Table 2) [18].

Measurements on MRI images

Magnetic resonance imaging examinations of 
the total spine were performed in the AIS group, 
by means of a 1.5-T magnetic resonance imag-
ing system (Sagittal images were taken from 
the segments of T11-L5 using Turbo spin-echo 
T1-weighted sequence (recovery time, 400 mil-

Figure 1. Measurement of scoliosis angle with Cobb 
method.

Table 1. Main curve location
Location of Apex (SRS Definition)
Curve Apex
Thoracic T2 through the T11-T12 disc
Thoracolumbar T12 to L1
Lumbar L1-L2 disc through L4
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liseconds; echo time, 20 nanoseconds) with 
3-mm-thick sections and 2.5-mm-thick inter-
sectional gaps, which were determined in each 
subject as part of a routine imaging protocol.

Three images, including the midsagittal and the 
two adjacent images, were selected for the 
analyses of the conus positions. Of these three 
images, the one with the most evident configu-
ration of the conus was selected for further 

measurements, and the tip of the conus was 
defined as the most distal point of the cord that 
could be visualized. A line perpendicular to the 
long axis of the cord was then drawn to the 
adjacent vertebra, and the position was defined 
in relation to the vertebra. According to the 
method described by Saifuddin et al [19], each 
vertebral/disc unit was divided into four seg-
ments. The vertebralbody was divided into 
three equal portions (upper, middle, and lower 
thirds), and the distal intervertebral disc was 
defined as a separate region. For the purpose 
of statistical evaluation, each conus level was 
assigned a value (C value) such that the middle 
third of T12 = 1 and the L2-L3 disc space = 11, 
and a range of 4 was assigned from the top of 
each vertebral body to the next; thus, the conus 
position was represented with a C value (Figure 
2). 

Position of conus medullaris was assessed 
based on the age, sex, type of deformity (Lenke 
classification), severity of deformity (Cobb 
angle), kyphosis, lordosis, flexibility, apical ver-
tebra, stable vertebra. Then we assess rela-
tionship between position of conus medullaris 
and other parameters.

Results

Demographic analysis

The primary data are shown on Tables 3 and 4. 
The mean age of the patients was 16.34 years 
(range, 11 to 25 years) and the mean position 
of conus medullaris was 6.77 which was lower 
one-thirdof L1. Minimum and maximum values 
was 3 And 12 respectively. In Girls is slightly 
lower than boys- upper limit of the L1-L2. Of 
course it is not significant (6.238 ± 1.86 versus 
6.93 ± 2.125/p-value = 0.362).

Relation betweenposition of conus medullaris 
and age 

Age of our samples is between 11 and 25. 
Position of conus medullaris had not relation 

Table 2. Curve types and criteria for structural curves and location of apex(18)

Type Proximal thoracic Main thoracic Thoracolumbar/
Lumbar Curve type

1 Nonstructural Structural (major) Nonstructural Main thoracic (MT)

2 Structural Structural (major) Nonstructural Double thoracic (DT)

3 Nonstructural Structural (major) Structural Double major (MD)

4 Structural Structural (major) Structural Triple major (TM)

5 Nonstructural Nonstructural Structural (major) Thoracolumbar/Lumbar (TL/L)

6 Nonstructural Structural Structural (major) Thoracolumbar/Lumbar structural MT (Lumbar curve > thoracic by > 10)

Figure 2. The vertebral body is divided into 3 parts. 
The disk space is viewed as an independent section. 
The spinal unit is divided into 4 segments. A straight 
line perpendicular to the axis of the spinal cord in the 
median sagittal sequence was subtended to the ad-
jacent vertebra or disk space, and the position was 
defined in relation to the vertebra or disk space.
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with age of this range. There are no differences 
between age under and above 20. 

According to the main curve magnitude, AIS 
patients were divided into 3 subgroups: 36 
patients in group A with a Cobb angle greater 
than 40 degrees but less than 59 degrees, 42 
patients in group B with a Cobb angle greater 
than 60 degrees but less than 89 degrees, and 
15 patients in group C with a Cobb angle great-
er than 90 degrees. Subsequently, curves were 
further classified according to the Lenke 
classification. 

tive curve and flexibility of curve in bending 
films and amount of kyphosis (based on Lenke 
criteria classified to “-” < 10, “N” = 10-40, “+” > 
40). Position of conus had not significant cor-
relation with degree of kyphosis and lordosis.

Discussion

Despite extensive research for decades, the 
etiology of AIS remains largely unknown [1-5]. 
Currently, it is generally accepted that the 
cause of AIS should best be regarded as multi-
factorial [3-9], including factors such as genet-
ics, growth pattern, neuromuscular abnormali-
ties, and others. Some authors put forward that 
the factor with the origin of neurological dys-
function or disorder should play an important 
role in the development of AIS [10, 11, 13]. 
Porter [10-12] reported that the length of the 
spinal cord was shorter than that of the verte-
bral column in scoliotic cadavers and present-
ed the uncoupled neuro-osseous growth theo-
ry. Based on this theory, AIS patients could 
have a shorter spinal cord, or a conus medul-
laris of a higher location. 

In our study mean position of conus medullaris 
was in lower third of L1. Range from T12-L1 
disc space to upper third of L3. 

The position of the conus medullaris in a large 
adult population only previously has been 
described with the use of cadaveric studies 
[16, 17, 20, 21]. These studies have shown the 
level of the conus medullaris to be between 
T12 and L3. In other studies, the embryologic 
migration and final position of the conus in chil-
dren have been described; it has been reported 
that the conus reaches the adult level by 2 
years of age and lies at an average position of 
L1 to L2 [19].

In an adult population, Saifuddin et al [19] 
reported the conus positions in 273 females 
and 231 males by introducing the concept of 
the vertebra/disk unit to measure the conus 
position on sagittal MR images. They found that 

Table 3. demographic analysis of patient
Male Female All

Number 21 (22.34%) 73 (77.65%) 94
Age (year) 16.96 ± 3.142 16.12 ± 3.756 16.34 ± 3.606
Weight (Kg) 48.96 ± 10.888 46.14 ± 7.839
Conus Position 6.93 ± 2.125 6.23 ± 1.868 6.77 ± 0 .208

Table 4. Frequency Distribution for conus 
position (n = 94). Mean conus position = 
6.77 (lower third of L1) and SD = (equivalent 
to half a vertebra)
Conus position Spinal unit Frequency
1 Middle third of T12 0
2 Lower third of T12 0
3 T12/L1 disc space 3
4 Upper third of L1 10
5 Middle third of L1 11
6 Lower third of L1 19
7 L1/L2 disc space 11
8 Upper third of L2 31
9 Middle third of L2 3
10 Lower third of L2 2
11 L2/L3 disc space 1
12 Upper third of L3 3

Also there is no significant correlation 
between conus position and type of 
deformity based of Lenke classifica-
tion (Table 5).

At last, we founded no significant cor-
relation between position of conus 
medullaris and age, weight, preopera-

Table 5. Conus (Mean ± SD) relation to Lenke 
classification
Lenke Mean ± SD
1 6.83 ± 2.079
2 4.67 ± 2.887
3 7.46 ± 2.064
4 7.20 ± 0.837
5 6.78 ± 1.394
6 6.09 ± 1.375
a: P ≤ 0.05. 
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the range of the conus positions was located 
from the middle third of T12 to the upper third 
of L3and that the mean was located in the 
lower third of L1.No significant difference in 
conus position was seen between male and 
female patients or with increasing age.

Similar findings were reported by Kim et al [22] 
in 690 healthy adults older than 20 years. A 
study by Wang et al [23] reported the conus 
positions in 1199 healthy Chinese subjects in 
which there were 20 children and adolescents 
aged younger than18 years they showed that 
the mean conus position was located at the 
lower third of L1.

Deniz Demiryüreket al [24] in retrospective 
evaluation of the location of conus medullaris 
according to age and sex with a 0.5-T MRI in 
639 subjects found no significant difference in 
the conus level with increasing age. The level of 
conus medullaris was most commonly located 
at the T12-L1 intervertebral disc level in the 
whole population. Their results do not correlate 
with the other studies. 

Winnie C. W. et al [25] at 2006 with MRI evalu-
ation of the spine in 28 AIS patients (14 mild 
curve; 14 severe curve) and 14 age-matched 
controls Concluded that there was significantly 
reduced spinal cord to vertebral column ratios 
in the AIS patients with severe curve, suggest-
ing a disproportional growth between the skel-
etal and the neural systems. The relative short-
ening and functional tethering of spinal cord 
may play an important role in the etiopathogen-
esis of AIS. 

Li-Feng Lao et al [26] 1n 2011 published the 
result of MRI three-dimensional reconstruction 
of the whole spine in 90 adolescents 49 AIS 
with thoracic/thoracolumbar curve, and 41 
age-matched healthy controls) and evaluation 
of the ratio of anteroposterior (AP) and trans-
verse (TS) diameter of the cord, the concave 
and convex lateral cord space (LCS) were 
obtained at the apical level in AIS patients Cord 
length and vertebral column length were not 
significantly different between AIS and control 
group. However, cord/vertebral column length 
ratio was significantly smaller in AIS group 
(P\0.01). Cord length, vertebral column length 
and cord/vertebral column length ratio were 
not related with age or Cobb angle (P 0.05). 
These data suggest the presence of uncoupled 
neuro-osseous growth along the longitudinal 

axis of spinal cord with associated morphologic 
changes of cross-sectional configuration and 
relative position of the cord. Some changes are 
significantly relevant with Cobb angle, which 
may indicate pathogenesis of AIS. 

Jae-Young Hong, et al [27] with prospective 
study of 31 patient with AIS demonstrated the 
conus medullaris level changed postoperatively 
in the patients with severe scoliosis. Overall, 
the postoperative degree of correction of the 
coronal curve was higher in the change group 
than that in the non-change group. The degrees 
of correction of the coronal curve and lumbar 
lordosis were related to the spinal cord level 
change after scoliosis correction. 

Xu Sun, et al [15] in 2008 investigated the posi-
tions of the conus medullaris of 240 AIS 
patients with a Cobb angle greater than 40 
degrees, as compared with age-matched con-
trols, through measurements on sagittal MR 
images. In AIS patients, the positions and the 
position distributions of the conus were not 
found to be significantly different from those of 
age-matched controls. In both AIS and control 
adolescents, no significant associations of the 
conus positions either with age or with sex were 
found. Furthermore, neither the curve magni-
tude nor the curve patterns in AIS patients were 
found to be significantly associated with the 
conus positions as well as the position distribu-
tions. The results of their study demonstrated 
that AIS patients do not have a conus with a 
higher location when compared with age-
matched controls. Taken together, these find-
ings provide lots of evidence regarding the 
conus positions in AIS patients, which suggests 
that the conus positions might not be involved 
in the development and progression of AIS. 

Wang et al [23] and Xu Sun [15], reported that 
the mean conus position was located at the 
lower third of L1 not only in AIS patients but 
also in the age-matched adolescents. Furth- 
ermore, no significant association was found 
between the age and the conus position. 
Grounded on the natural growth and develop-
ment of the spinal cord and based on the above 
previous findings in adult populations, it is 
inferred that the relative position of the conus 
might be invariable through adolescence to 
adulthood. In study of Wang et al [23] the age of 
the control group was not matched with the AIS 
group.
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The effect of sex on the conus position remains 
controversial, although lots of attentions have 
been paid. 

In cadaveric studies, Thomson [16] and Need- 
les [21] found that the conus location was sig-
nificantly lower in females than in males. Similar 
findings were reported by Kim et al [22] and 
Wang et al [23] in studies with measurements 
on MR images. However, Saifuddin et al [19] 
reported that there was no significant differ-
ence regarding the conus positions in both 
sexes. The Xu Sun study [15] could not detect 
significant difference between girls and boys in 
both groups. It is thus implied that the conus 
locations were not significantly associated with 
sex in both scoliosis and nonscoliosis adole- 
scents. 

In our study conus locations is lower in Girls 
rather than boys slightly. Of course it is not sig-
nificant (6.238 ± 1.86 versus 6.93 ± 2.125).

Soleiman, Joseph et al. concluded meanconus-
medullaris termination was at the level of the 
middle third of L1. The range span extended 
from the lower third of Th11 to the upper third 
of L3 [28]. In their study the conusmedullaris 
termination displayed a small but significant 
positive correlation with age and with gender. 

DA Wilson and Prince JR [29] The range for was 
T12 to L2-L3 with an average of L1-L2. The 
range and average of conus levels for the 
0-2-year-old group and 19-20-year-old group 
are the same (L1-L2). They concludes that the 
conusmedullaris does not ascend throughout 
childhood as stated by previous authors but 
attains the adult level sometime during the first 
few months of life. A conus level at L2-L3 or 
above should be considered normal at any age. 
A conus level at L3 is indeterminate, since it is 
possible for normal or tethered conus to be 
located at this level. 

In our study conus position was lower in females 
than males, although this difference was not 
statistically significant and no difference 
between ages from 11 to 25 was detected.

In conclusion, our study demonstrated that the 
distribution of the conus locations in AIS 
patients was similar to normal populations that 
were published in literature. No significant 
associations were found between the conus 
position and age, sex, kyphosis, lordosis and 

severity of curve (Cobb angle) Xu Sun, et al [15] 
demonstrated no significant associations 
between the conus position and age between 
conus position and sex, in both scoliosis and 
non-scoliosis adolescents. But our study dem-
onstrated slightly lower position of conus 
medullaris in female sex. That is not 
significant. 

In our study according to Xu Sun [15] study, nei-
ther curve severity nor curve patterns were 
found to be significantly associated with the 
conus position. These findings indicate that the 
conus location might not be involved in the 
pathogenesis and curve progression of AIS. 

Our study demonstrated significant correlation 
between conus position and stable vertebra, 
apical vertebra. 

In conclusion, the mean and the distribution of 
the conus locations were similar for AIS patients 
(based on our study) and normal population 
(based on other studies in literatures). No sig-
nificant associations of the conus position with 
curve severity and with curve patterns were 
found, indicating that the conus location might 
not be involved in the pathogenesis and curve 
progression of AIS.
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