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Spinal ultrasound – Identification of the normal 
structures
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ABSTRACT
The incomplete ossification of the spinal processes allows the ultrasonographic evaluation of the spinal cord and the ad-
jacent structures in neonates and small infants. The paper describes the ultrasonographic examination of the spinal 
structures and the normal appearance of the spinal cord, the structures within the spinal canal, and the bony and muscu-
lar adjacent structures. Sagittal and axial sections at cervical, thoracic, lumbar, and sacral levels are described. There are 
also mentioned findings in the M mode and Doppler examinations.
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INTRoDuCTIoN

The spinal cord could be visualized by ultra-
sonography during the neonatal period and the first 
months of infancy by the means of the ultrasound 
window due to the incomplete ossification of the 
vertebral arches [1,2]. The technique offers com-
plete visualization of the spinal cord from the fora-
men magnum to the conus medularis [1,2,3]. There 
could be also viewed the thecal sac [1,2], filum ter-
minale [1,2,3], the roots of the spinal nerves [1,3], 
the oseus parts of the vertebral bodies and arches 
[4], the paraspinal muscles [4]. 

Spinal ultrasound provides exact images of the 
structures within the vertebral canal during the 
first months of life, the quality of the images de-
creases after the first 3-4 months, as the vertebral 
arches ossify and in most of infants, an accurate 
exam would not be possible after 6 months of age 
[6]. 

The ultrasound examination of the spine identi-
fies the normal and pathologic elements with an ac-
curacy comparable with the MRI examination if 
performed during the above-mentioned time inter-
val [6.7]. The main advantage of the ultrasound ex-
amination compared with the MRI is that the ultra-
sound could demonstrate the motion of the 
structures, being invaluable in the diagnosis of the 
tethered cord [1,2,3,5]. 

The paper is reviewing the examination tech-
nique and the normal appearance of the spinal cord 
and the adjacent structures in the neonate. 

The examination technique

For the spinal ultrasound, a linear probe is used 
for the examination of the vertebral canal from the 
cervical until the sacrococcygeal zone, with a fre-
quency of 10-15 HHz [1,2,8], and a sectorial or micro 
convex probe with a frequency of 7.5-10 MHz is 
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used for the examination of the craniocervical junc-
tion [1,8,9]. 

The patient is placed in the prone position, with 
a cushion or roll under the abdomen in order to ex-
pand the intervertebral foramina and help the ex-
amination of the older infants1 (Figure 1).  There 
will be realized sagittal sections (Figure 1) and axial 
sections (Figure 2). Sagittal and coronal sections will 
be performed also through the foramen magnum 
(Figures 3 and 4).

posterior fossa and cisterna magna, the junction be-
tween the medulla and the spinal cord in order to 
exclude a Chiari malformation [1,9,11].

The examination could be performed with the 
patient in a prone position [1] or lateral decubitus 
[9], the head should be flexed [1,9].

In the sagittal section at the level of the crani-
ocervical junction, there could be visualized from 
posterior to anterior: the occipital bone and the 

FIGuRE 1. a. Sagittal section the position of the transduc-
ers b. the image obtained by the sagittal section

a

b

There will be performed first the examination in 
B mode – sagittal and transverse (axial) sections at 
all the levels of the spinal cord); then the cord and 
cauda equina are examined in the M mode in order 
to identify the movements of the spinal cord an ex-
clude a diagnosis of tethered cord [1,10]. In the end, 
a Doppler examination could be performed in order 
to visualize the vascular structures [1]. 

Sections through the craniocervical junction (foramen 
magnum)

The sections through the craniocervical junction 
should be part of each spinal ultrasound examina-
tion [1,8]. Their aim is to view the structures of the 

a

b
FIGuRE 2. Axial section a. the position of the transducer,  
b.image obtained by axial section

FIGuRE 3. A sagittal section at the level of the craniocervi-
cal junction
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craniocervical junction, continued inferiorly by the 
incompletely ossified vertebral arches, cisterna 
magna – a transonic structure that communicates 
both with the 4-th ventricle (visible between the cer-
ebellum and the pons) and the vertebral canal. The 
spine is a hypoechoic structure – more echogenic 
though than the subdural space and cisterna magna 
and is continued superiorly with the medulla and 
the pons – both hypoechoic. Posteriorly to the pons 

one can see the hypoechogenic cerebellum with the 
characteristic folia- in the sagittal section – the ver-
mis is visualized (Figure 5 a); in a para-sagittal sec-
tion – the amygdala is seen (Figure 5b). 

In the axial/transverse sections, there are visual-
ized the cisterna magna, the cerebellar hemispheres, 
and the vermis (Figure 6a); in the superiorly orient-
ed sections we could also see the 4-th ventricle and 
the pons (Figure 6b)

a.

b.

FIGuRE 6. a. Axial section at the level of the craniocervical 
junction, b. Axial section at the level of the craniocervical 
junction with the visualization of the 4-th ventricle and 
the pons

Sagittal sections. Determination of the position of 
the conus medularis and the diameter of filum ter-
minale

The sagittal section (Figure 1) explores the verte-
bral canal from the foramen magnum to the sacro-
coccygeal area (Figures 7-12) [1-3]. In a standard 
section could be visualized from posterior to anteri-
or: the skin, the muscles and fascia, the spinous pro-
cesses-ossified or partially ossified, and the verte-
bral arches, the dura-arachnoid complex [1-4]. If we 
angulate the probe laterally the epidural space 
could be identified between the dura mater and the 
bone [1-3]. Then, the subarachnoid space follows – 

FIGuRE 4. An axial section at the level of the craniocervical 
junction

a

b
FIGuRE 5. a. Sagittal section at the craniocervical junction, 
b. A parasagittal section at the craniocervical junction – 
the amygdala is visualized
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the spinal cord could be identified in it – a tubular 
structure, hypoechoic – but more echogenic than the 
subarachnoid space, bordered by the pia mater – in its 
center the central echo complex could be seen [1-3]. 
The anatomic substrate of the central echo complex is 
represented by the interface between the white ven-
tral commissure and the central end of the anterior 
median fissure [15]. Posterior to the spinal cord the 
subdural space could be seen, the dura-arachnoid 
complex and the vertebral bodies with different 
shapes depending on the examined area (see further) 
[1]. The spinal cord is situated normally in the anterior 
third of the canal [1-3] – the posterior displacement is 
suggesting a tethered cord [10]. Within the subarach-
noid space, the nerve roots could be seen. 

In the inferior part of the cord the terminal ele-
ments could be seen (conus medularis and filum ter-
minale) formed by the secondary neurulation pro-
cess [1,2], the cauda equina – formed by the roots of 
the spinal nerves and the ending of the thecal sac 
(Figure 9-10 a). The sacrococcygeal area – with the 
vertebra and ossification centers could also be iden-
tified (Figure 10b)

The determination of the position of the conus 
medularis is an essential part of the spinal ultra-
sonographic exam [1-3]. It could be performed by 
different methods [1-3,8]:

•	 Counting upwards from the sacral vertebrae
•	 Counting upwards from the first coccygeal 

vertebra
•	 Counting downwards from the first vertebra 

with rib (usually T12)
•	 Counting upwards from the end of the thecal 

sac (usually S2)
•	 Identifying ultrasonographically the end and 

marking it with a radiopaque marker, then 
performing an Xray in order to identify the 
vertebra

The level of the conus medularis is modified ac-
cording to the gestational and postnatal ages of the 
patient [1,3]. Due to the unequal growth of the spine 
and the bones, a relative ascension of the conus is 
produced in the last part of the pregnancy and imme-
diately postnatal. Thus, in premature neonates the 
conus is situated between L2 and L43, it is ascending 
in the last part of the pregnancy, and in the term neo-
nates, it is situated between L1 and L3, around one 
month of age the normal position is L1-L2, the posi-
tion that persists for the rest of the life [1,3].

Filum terminale represents the central continua-
tion of the conus medularis, that is anchored to the 
interior wall of the vertebral canal [1]. It is meas-
ured at the level of S2 and the width should not be 
more than 2 mm (Figure 10a).

The ultrasound exam allows the identification of 
the ossification centers at the level of the vertebral 
arches and bodies [1,4]. At the level of the vertebral 

body, two centers could be identified – one anterior 
and one posterior – they fuse in time [4]. Synchon-
droses between the different centers could also be 
seen [4]. 

As the patient grows, the spinous processes ossify 
and the examination becomes more and more diffi-
cult [1]. So, the structures that can be very well-iden-
tified during the neonatal period (Figure 12 a,b,c) are 
hardly seen at 2-3 months (Figure 12 d,e,f). 

FIGuRE 7. Sagittal section – cervical area. Legend: cda 
– dural-arachnoid complex; SA – subarachnoid space, CEC 
– central echo complex; pia – pia mater

FIGuRE 8. Sagittal section – thoracic zone. da – dur-
al-arachnoid complex; SA – subarachnoid space, CEC – 
central echo complex; mad – spinal cord

FIGuRE 9. Sagittal section. Lumbar zone + conus medularis. 
Legend: epi – epidural space, cda – dura mater-arachnoid 
complex; SA – subarachnoid space; rad post – posterior 
root; CEC – central echo complex
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Axial sections

Axial sections (Figure 2) are a mandatory part of 
any ultrasound examination of the spinal cord 
[1,2,8]. They are important in order to exclude the 
presence of a split column because they could iden-
tify the central echo complex and its duplication 
[11] or to exactly measure a syrinx [12]. Also, some 
authors use the axial section for the M mode exami-
nation [1].

In an axial section – from posterior to anterior 
there could be identified [1-3] (Figures 13-15) – mus-
cles and fascia, vertebral arches [4], with the un-osi-
fied spinous processes (that allow the visualization 
of the structures in the vertebral canal) the du-
ra-arachnoid complex – a hyperechogenic line, the 
subarachnoid space – transonic – in it there could be 
visualized hyperechogenic lines – the nerve roots, 
the spinal cord – hypoechoic – but more echogenic 
than the subarachoid space, covered by the hypere-
chogenic piamater, having in the center the central 
echo complex. The cord is situated in the anterior 

third of the spinal canal. Laterally to the cord, espe-
cially in the thoracic zone – dentate ligaments could 
be viewed. Anterior to the spinal cord the subarach-
noid space could be identified, then the dura-arach-
noid complex and the vertebral body – hyperecho-
genic – the two ossification centers could be 
identified in it [4]. In the lumbar zone the anterior 
and posterior roots of the spinal nerves and the fi-
lum terminals could be identified (Figure 15). In cer-
tain cases, between the dura mater and the bones, 
the epidural space could be identified [1,4]. 

Examination in the M mode

As previously mentioned, one of the advantages 
of the spinal ultrasound over the MRI exam is that 
the ultrasound could identify the movement of the 
spinal cord and thus exclude a tethered cord. 

The demonstration of the movements of the cord 
could be realized by the real-time examination in 
the B mode – three types of movements could be 
identified – vertical – associated with the move-
ments of the head; horizontal – rapid – due to the 
vascular pulse and slow – related to respiration 
[1,10]. The movements of the cord could be demon-
strated in the M mode on both sagittal (Figure 16 a) 
and axial (Figure 16.b) sections. They could be noted 
both in the neonate and older infants with partially 
ossified arches (Figure 16c) [10]. 

Examination – Doppler mode

Doppler examination could identify the anterior 
and posterior venous plexus (Figure 17a) – best vis-
ualized in the lumbar area [1]. The anterior venous 
plexus is identified anterior to the anterior root of 
the spinal nerves and the posterior plexus is visual-
ized posteriorly to the posterior root [1]. The verte-
bral arteries could not be visualized so well, because 
their course is parallel to the ultrasound beam [1]. 

a b

FIGuRE 10. a. Sagittal section – sacral zone – thecal sac,  
b. Sagittal section – sacro –coccigeal zone. Legend: S5 – the body of 5-th sacral vertebra. Coc – first coccygeal vertebra 
– note the round appearance of the coccygeal vertebra

FIGuRE 11. Sagittal section – determination of the position 
of the conus medularis – starting from the sacral S1 
vertebra – boomerang shaped



Romanian medical JouRnal – Volume 69, no. 3, 2022110

FIGuRE 12. Sagittal sections at different ages with diminishing visibility of the spine. A,b,c – sections at the cervical, 
thoracic and lumbar zones on day of life 3; d,e,f – sections at cervical, thoracic and lumbar zones at 2 months of age. In 
the sections performed at 2 months, the structures are partially visualized through partially ossified spinal processes

a

c

e f

d

b

FIGuRE 13. Axial section through superior thoracic zone. 
Legend – CDA – dural-arachnoid complex; MS – spinal cord ;  
CEC – central echo complex; lig - ligament

FIGuRE 14. Axial section – Lumbar area. 
Legend: MS – spinal cord; ra – anterior root; rp – posterior root
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The posterior vertebral arteries could be visualized 
only by power Doppler [1]. The central branch of the 
anterior vertebral artery is situated in the anterior 
median fissure ending at the central echo complex 
(Figure 17c) [1].

The pulsed Doppler examination shows a contin-
uous flow in the veins, with variations due to the 
respiratory movements and the arterial pulsations 
(Figure 17b)

FIGuRE 15. Axial section – roots and filum terminale. 
Legend> FT – filum terminale; RA – anterior root; RP – posterior root

FIGuRE 16. a. Demonstration of the movement of the cord 
– M mode – sagittal section, b. Demonstration of the 
movement in M mode – axial section, c. Examination in M 
mode of a patient with a partially ossified spine. The 
ventrodorsal movements are more evident in the neonate

a

b

c

a

b

c

FIGuRE 17. a. Color Doppler Exam. Anterior and posterior 
venous plexuses are viewed, b. Pulsed Doppler Examina-
tion, c. Power Doppler Examination. Anterior venous 
plexus (pva); posterior venous plexus (pvc) and the 
central branch of the anterior spinal artery (rac)
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CoNCluSIoNS

Modern ultrasound devices offer very good im-
ages of the spinal cord and neighbouring structures, 
during the first months of life. There could be iden-
tified the majority of the spinal structures – the cord, 
the conus medularis, filum terminale, nerve roots, 

and membranes. It could also visualize the osseous 
structures and their evolution/maturation. Due to 
the easiness of performance and the accuracy of the 
images, the technique should be a part of the screen-
ing in the case of infants with spinal dysraphism. 
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