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PURPOSE: To establish the normal range of the position of the conus medullaris in neonates and
determine whether it differs from that in adults. METHODS: One hundred five healthy neonates
born over an 18-day period in a single obstetric unit had ultrasound examinations of their lower
spines to relate the conus medullaris to the nearest intervertebral disk or midvertebral level.
RESULTS: The mean position of the conus was midway between the L1-2 disk and mid-L-2 body,
ranging from T-12/L-1 to L-3, with the modal position being L1-2 (47.6%). A small but significant
rise in position from 33 to 42 weeks postconceptual age was identified. Comparison with data
previously reported from adults showed a small but highly significant difference in conus position
of approximately 0.25 vertebral levels. DISCUSSION: Our data confirm studies suggesting that
ascent of the cord after birth is minor.
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The position of the conus medullaris in the
healthy adult population has been well estab-
lished (1). Although it is also known that the
conus “ascends” from its early fetal location in
the sacral canal to the eventual adult position
(2–4), the precise timing of the ascent has been
a matter of debate for many years. Traditionally
it has been thought that the normal conus is
located at L-3 vertebral body level at birth, ris-
ing to the adult level of L1-2 during childhood,
although a report in 1892 (5) suggested that the
level of the conus did not alter after the normal
gestation period. More recent studies (3, 6–8),
have suggested only minor ascent of the cord, if
any, after birth, but these studies have either
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dealt with very small numbers of fetuses and
children or have necessarily involved highly se-
lected populations resulting in questionable ex-
trapolation of data to the general population
(9).
Knowledge of the range of the normal posi-

tion of the neonatal conus is essential if the
presence of an abnormally low conus is to be a
factor in the diagnosis of tethered cord and
other anomalies. This is particularly important
because surgery performed after the onset of
symptoms is unlikely to improve neurologic
dysfunction, although further deterioration may
be halted. Early surgery therefore may be de-
sirable, and some neurosurgeons advocate pro-
phylactic surgery on asymptomatic individuals
(10, 11).
The aim of this study was to establish the

range of position of the conus medullaris in
healthy neonates using spinal ultrasound. Ultra-
sound is well established as a safe and nonin-
vasive modality for study of the anatomy and
pathology of the infant spine up to the age of at
least 3 months (12–16), and excellent delinea-
tion of the terminal cord and conus is provided
by the echogenicity of the cauda equina in con-
trast to the anechoic cord.
9



Methods
Ultrasound examination of the lower spine was carried

out on 105 apparently healthy neonates born over an
18-day period in a single teaching hospital obstetric unit.
These were consecutive deliveries except where informed
consent was not obtained from the mother. The study was
approved by the local research ethics committee. Gesta-
tional age was determined from maternal dates or early
antenatal ultrasound scan measurements if significantly
different and postconceptual age (gestational plus postna-
tal age) by completed week was recorded. Sex, birth
weight, and parental ethnic origin were also documented.

Ultrasound examination was performed using an ATL
Ultramark IV machine (Advanced Technology Laborato-
ries, Seattle, Wash) equipped with a 7.5-MHz linear array
transducer. All examinations were performed by a single
operator (C.A.R.H.). Infants were examined prone, either
in a cot or, in a few cases, held by the mother. In most
cases the spine was in a neutral or gently flexed position.
In eight cases early in the study the effect of flexion and
extension was noted. A series of longitudinal and sagittal
scans were performed through the lower spine. The lum-
bosacral junction was identified as the first clear angula-
tion in the caudal spine, and the vertebral body immedi-
ately craniad to this was designated L-5. The conus was
identified as the apex of the taper of the distal spinal cord
and was related to the adjacent intervertebral disk space or
midvertebral body, whichever was closer. The conus po-
sition was assigned to a numerical scale for later analysis,
0 representing mid-D-12, 0.5 representing D-12/L-1 disk,
and so on.

Results

Two infants were excluded on the basis of
abnormal findings. Of the 103 remaining sub-
jects, 52 (50.5%) were female and 51 (49.5%)
were male. Six subjects were twins. Postcon-
ceptual age ranged from 33 to 42 completed
weeks (mean, 39.3 weeks). Birth weights
ranged from 1960 g to 4750 g (mean, 3286 g).
The ethnic origins of the infants were as follows:
European, 48 (46.6%); Afro-Caribbean or Afri-
can, 25 (24.3%); Asian, 9 (8.7%); Arab, 4
(3.9%); Oriental, 2 (1.9%); and mixed, 15
(14.6%). Typical appearances of the conus are
shown in Figure 1.
The mean position of the conus was L1.76,

that is, midway between the L1-2 disk and mid-
point of the L-2 body. The range was from T-12/
L-1 disk (3 cases) to mid-L-3 vertebral body (3
cases) with L1-2 the modal position (49 cases).
The position of the conus related to postcon-
ceptual age is shown in Table 1. There is a small
but significant rise in conus level from 33 to 42
weeks (slope of linear regression, 0.055 levels
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per week; P ,.05; 95% confidence interval, .004
to .105). A small rise was also found with birth
weight (slope of linear regression, 0.21 levels
per kilogram; P ,.02; 95% confidence interval,
.033 to .377). There was no significant differ-
ence between male and female neonates (P 5
.2) or between the European and Afro-Carri-
bean/African groups (.1 ,P ,.2). Other ethnic
groups were not compared because of small
numbers. In the few cases in which an attempt
was made to examine the spine in different de-
grees of flexion, relative movement of the conus
was minimal or nil with the degree of change in
flexion achieved and did not alter the assigned
level in any case.
Comparison with the data from 800 adults (1)

showed a difference in mean conus level of 0.25
vertebral levels. This small difference was
highly significant (P ,.001; 95% confidence
limits, .13 to .36).
The two infants with abnormal findings were

as follows: In one there was separation of the

Fig 1. Sagittal sonogram shows characteristic angulation of
the lumbosacral junction (curved arrow) and excellent definition
of the anechoic distal cord from the cauda equina. The conus
medullaris (straight arrow) is readily assigned.

TABLE 1: Vertebral level of the conus medullaris relative to post-
conceptual age

Postconceptual
age, wk

No. of
Observations

Mean
Level

Standard
Deviation

Range

33 1 L2.0 . . . . . .
34 1 L2.5 . . . . . .
35 1 L2.5 . . . . . .
36 5 L1.9 0.42 L1-2–L2-3
37 6 L1.6 0.86 T-12/L-1–L-3
38 20 L1.8 0.44 L-1–L2-3
39 14 L1.9 0.48 L-1–L-3
40 28 L1.7 0.44 T-12/L-1–L2-3
41 15 L1.6 0.28 L-1–L-2
42 12 L1.6 0.48 T-12/L-1–L2-3
Total 103 L1.76 0.48 T-12/L-1–L-3
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normal midline echoes from the lumbar cord
suggesting a syrinx. The cord terminated at
L1-2, but the filum terminale was thickened and
echogenic. In the other infant the cord termi-
nated at the L-5/S-1 level, lying posteriorly with
diminished motion. The sacral segments below
S-2 appeared abnormal. This infant has an elder
sibling with an anterior sacral meningocele.

Discussion

The position of the conus medullaris in the
adult population has been well established from
large studies. Reimann and Anson (1) studied
128 cadavers and combined their data with that
of other workers (17–19). In the resulting series
of 800 healthy subjects, 51% of cords termi-
nated within the confines of the lower third of
L-1 and the upper third of L-2. Conus position
ranged from the middle third of T-12 to the
lower third of L-3. Their method of assigning the
level of the conus differed from our series in that
they divided vertebral bodies into thirds, but
only 4 cords (0.5%) were possibly outside the
range found in our series. We used Reimann and
Anson’s data for statistical comparison with our
study data, because it is the largest published
series. A similar distribution was found in 80
Punjabee adults (4). A more recent magnetic
resonance study of 100 healthy adults investi-
gated for lumbar disk disease reports the aver-
age conus level as L-1 (range, T11-12 to L2-3),
but these results were not presented in detail to
allow statistical comparison (7).
Studies have shown that the most rapid as-

cent of the conus medullaris relative to the ver-
tebral column takes place during the first half of
gestation. Barry (2) analyzed data from 21 fe-
tuses studied by himself or previously reported
(20, 21) and showed that maximum ascent oc-
curred between 9 and 16 weeks, although only
one fetus was older than 19 weeks, a full-term
fetus with conus at L-3. Barson (3) examined
236 fetuses or neonates with grossly normal
vertebral axes after death. He described a rapid
ascent to the level of the fourth lumbar vertebral
body by 19 weeks’ gestation followed by a more
gradual rise to adult level by 2 months of age.
However his suggestion that the level continues
to rise between normal term and 2 months of
age is based on a small number of observations.
Jit and Charnalia (5) in an autopsy study of 50
fetuses and neonates found rapid ascent up
to the 120-mm crown-rump-length stage (ap-
proximately 16 weeks) followed by more grad-
ual ascent to birth. Of the 10 neonates studied,
50% had a conus at mid-L-2, and none were
below L2-3. In a myelographic study of 146
spontaneously aborted fetuses (6) up to 33
weeks of age, there was relatively rapid rise in
conus level from 12 to 25 weeks. In 12 fetuses
from 25 to 33 weeks of age the conus was
between L1-2 and L-3. James and Lassman
(22) reported autopsies on 25 children between
1 hour and 8 years of age and found the conus
had reached L-2 by 5 months at the latest.
Wilson and Prince (7) reviewed magnetic reso-
nance images of 184 lumbar spines of children
from newborn to 20 years of age and found no
significant difference in the position of the conus
over this age span. Their cases included only six
infants under 8 weeks of age. An ultrasound
study of 161 children from 4 days to 13 years of
age (8) included 14 infants less than 2 months
of age and also found no significant difference in
conus position over the age range. Neither of
these studies definitively confirm or refute Bar-
son’s suggestion of conus ascent from term to 8
weeks.
The conus is at L-3 in 2.9% in our series and

is the position in 1.8% of healthy adults (1). Our
data are in keeping with the generally accepted
view that a conus below L-3 at birth is abnormal
(23–25). A conus at L-3 is known to be associ-
ated with abnormality in some cases, although
the proportion at this level associated with ab-
normality is unknown. Authorities recommend
that any conus at L-3 warrants further investi-
gation to exclude tethering (24, 25). However if
this criterion is used alone it is likely that many
healthy infants will be unnecessarily investi-
gated. Ultrasound by an experienced operator
would seem to be an ideal investigation for se-
lecting cases for further evaluation.
A possible criticism of the current study is the

accuracy with which the lumbosacral junction
can be identified. The lumbar spine is straight in
the neonate and the lumbosacral junction is
readily identifiable as the only prominent angu-
lation in the caudal spine (13, 16). In a few
cases in which this was less prominent in the
neutral position, examination during gentle ex-
tension of the spine clarified the level. The op-
erator had the intention of excluding any case in
which this landmark was not identified with con-
fidence, but none arose. Other methods of as-
signing vertebral level have been described, in-
cluding tracing back the lowest rib, identifying



the termination of the thecal sac, and counting
from the coccyx, but these techniques appear to
be less successful (8).
A second possible source of error in assigning

the correct vertebral level is the occurrence of
either four or six lumbar vertebra. Ford and
Goodman (26) studied 1614 sets of radio-
graphs of the lumbosacral spine and found the
incidence of four and six lumbar vertebrae to be
4.2% and 3.0%, respectively. Therefore the
mean conus level in our study is unlikely to be
altered significantly by the occurrence of these
variations, although theoretically our range
could be falsely wide.
The occurrence of abnormality in our study

group was 2 (1.9%) cases of 105. The incidence
of spinal dysraphism in the general population
is not known, but it is interesting that the inci-
dence in our healthy study population is similar
to that in a “high-risk” population of infants with
cutaneous sacral dimples (27).

Conclusion

Our study has shown that the range of the
position of the conus on ultrasound in the
healthy neonate (over a range of 33 to 42
weeks’ gestational age) does not differ from that
established for the adult population but that
the mean position of the conus is one quarter
of a vertebral level lower than that established
for adults. We found a significant but slight
rise in mean conus position with postconcep-
tual age. Our findings are in keeping with evi-
dence that most of the cord ascent is com-
pleted in early fetal life and dispel the myth
that there is more than minimal, if any, cord
ascent during childhood.
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