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The role of sonographic evaluation of spinal canal in children 

Živa Zupančič 

Clinical Radiology Institute, University Medica/ Center Ljubljana, Slovenia 

Baclcground. Spina/ sonography is a valuable diagnostic imaging modality as it has the abi/ity to demon­
strate good anatomic detail oj the spina/ canal, its contents, and the surrounding sh'uctures. The examina­
tion technique, the anatomy oj the cord, the most common anomalies, and the evaluation oj the sonography 
compared to magnetic resonance imaging are presented. 
Conclusions. Spina/ sonography is recommended as the primary imaging modality far congenital anom­
alies oj the lower spine in infants and as the screening modality far closed spina/ dysraphism in infants and 
small children. The examination technique, the anatomy oj the cord, the most common anomalies, and the 

evaluation oj the sonography compared to magnetic resonance imaging are presented. 
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Introduction 

High-resolution real-tirne sonography of the 

spina! canal in children has been perfarmed 

far over fifteen years.1 It has the ability to 

demonstrate good anatomic detail, is nonin­

vasive, easy to use, can be brought to bedside, 

does not require sedation, and is of low cost. 

The application of sonography is possible in 

the neonate and in children up to school age 

because of poor ossification of the posterior 

vertebral elements. It can demonstrate the 

spina! canal, its contents, that is the cord, the 
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cauda equina, the dura! sac and intracanalic­

ular, as well as related extracanalicular mass­
es. It is used to measure the spina! canal, to 

determine the leve! of the conus medullaris, 

to detect cord anomalies, and examine soft 

tissue abnormalities. The most common indi­

cations are to determine the leve! of the conus 

medullaris, looking far a tethered spina! cord 

in infants with midline back abnormalities,1,
2 

to study the spina! cord far associated malfar­

mations in the newborn period in children 

with spina! dysraphism, such as 

myelomeningocele and meningocele, and to 

look far retethered cord after mye­

lomeningocele repair. 3 

Technique of examination 

Examination is usually perfarmed with the 

child prane or in a lateral decubitus position 
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with thoracolumbar spine flexed to separate 

the spinous processes, using a high frequency 
linear array transducer. Small infants can be 
scanned over the midline between the spin­
ous processes, but in older infants and larger 

children it is better to scan with the transduc­

er placed slightly lateral and aimed medially 

into the spinal canal.1 Transverse and longitu­

dinal scanning of the entire spine is per­

formed, preferably starting over the sacrum 
where the spinal canal is easily found.1 A 
standoff pad can be used to improve nearfield 

resolution. Longitudinal and transversal pic­

tures are taken for documentation. 

Normal cord anatomy 

In the spinal canal the spinal cord is visu­

alised as a slightly more echogenic structure 
than the surrounding anechoic cerebrospinal 

fluid, it has an echogenic dorsal and ventral 

surface and a central echo complex just ven­
tral to the central canal (Figure 1). 

The cervical cord, as seen in the transverse 
plane, is oval in shape, thoracic circular and 

lumbar circular but larger than thoracic. The 

conus is tapered caudally and is well seen in 

the longitudinal plane. The normal cord usu­
ally ends above the L-2 level, and so the tip of 

the conus medullaris is seen cranially to the 
L-31A and is central in the spinal canal. 

Caudally to the conus the roots of the cauda 

equina are visualised as echogenic strands in 

longitudinal plane and as echogenic dots in 

the transverse plane. The tip of the thecal sac 

often corresponds to S-2.1 To estimate the ver­
tebral level of the conus on the sonogram, pal­

pable landmarks are used: the tip of the low­

est rib corresponds to the level of the L-2, and 

the same rib as followed back to the spine 
locates T-12, the iliac crest corresponds to the 

L-5.4 For the orientation it is also important to

know that the cocyx in neonate is unossified
and is a hypoechoic structure just <listal to the

sacral segments. It should not be mistaken for

a cystic lesion.
The anterior spinal artery and epidural 

veins can be demonstrated using colour flow 
Doppler imaging. During the examination, 

the spinal cord and cauda equina oscillations 
in dorsoventral and cephalocaudal direction 
are observed with heart beating, breathing, 

Figure 1. Normal lumbosacral canal. Longitudinal scan: spina! cord (c) with central echo complex, conus 

medullaris (cm), cauda equina (c). Transverse scan: spina! cord with central echo complex (arrow). 
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crying, and moving. Oscillation can be docu­

mented with M-mode sonography.1 

The tethered spina! cord 

The most common indication for sonography 

is to determine the vertebral leve! of the tip of 

conus medullaris, that is to diagnose or to 

rule out tethered spina! cord.1 A conus me­

dullaris that terminates in the spina! canal 

below the superior aspect of L-3 is probably a 

tethered cord.1 A tethered cord is a patholog­

ic fixation of the spina! cord in an abnormal 

caudal location, so that the cord suffers 

mechanical stretching, distortion and ische­

mia with daily activities, growth, and devel­

opment.5,6 It results in neurologic deficits as 

reflex changes, sensory loss, muscle wasting, 

power loss, and sphincter problems. The 

child might be normal at birth and develop 

deficits later. A child with an occult tethered 

cord can present with a lower-extremity 

deformity or abnormal gait.1 

There are severa! pathologic entities that 

can cause spina! cord tethering, the most co­

mmon are leptomeningocele, intraspinal !ipo­

ma, thick filum terminale, diastematomyelia, 

and dermal sinus. Risk factors for tethered 

cord are also lumbosacral skin abnormalities, 

anorectal malformations, presacral anomalies 

and lipomeningomyelocele .1 

To diagnose a tethered cord on sonography 

one has to 1) estimate the vertebral leve! of 

the tip of the conus using on the longitudinal 

views the sonographic landmarks, as men­

tioned above (the L-2 corresponds to the leve! 

of the tip of the lowest rib and L-5 to the iliac 
crest). When one is not certain in determin­

ing the vertebral leve! of the tip of the conus, 

a radiopaque marker can be placed on the 

skin at the leve! of the conus tip to take a radi­

ographic film and then to determine the leve! 

on that film. One also 2) looks for the position 

of the conus within the spina! canal. The teth­
ered cord is usually eccentric, more dorsal 

than normal. In addition, one has 3) to ob-

serve for cord oscillations which are dimin­

ished or absent at or above the point of tethe­
ring7 (but may be normal in the newborn 

until tethered later1). 

Skin abnormalities and occult tethered 

spina! cord 

Midline, lumbosacral, skin abnormalities as 

subcutaneous lipoma, hair tuft, sinus tract, 

skin defect, dimple, hemangioma, skin tag or 

appendage, or pigmented nevi can be associ­

ated with an occult spina! dysraphism (that is 

spina bifida occulta) and a tethered cord. 

Children with these abnormalities can devel­
op, as they grow, foot and lower extremity de­

formity, decreased sensation, scoliosis, weak­

ness, abnormal gait and bladder disfunction.1 

So sonographic screening for these chil­

dren was recommended in infancy8 in order 

to detect a tethered cord and any other asso­

ciated abnormalities and to treat the children 

(early surgical treatment or close neuropedi­

atric follow-ups). Among the above men­

tioned skin abnormalities, the lumbosacral 

dimple has been studied for its significance 

most commonly.1 Lumbosacral dimples and

pits are common skin abnormalities and 

when they are only shallow and superficial 

and not deep crater like or connected to a der­

mal sinus (which appears as a hypoechoic 

band which might extend to the dural sac) 

they do not indicate a high risk of ocenit 

spina! dysraphism and there is no need to 

screen for a tethered cord. 9 

Lipomas 

Lipomas are subcutaneous masses of fat and 

fibrous tissue which may be associated with 

dermal sinuses, hamangioma, nevi, myelo­

meningocele (Figure 2), and meningocele. 

They can be only superficial or are deep and 

extend into the spina! canal and attach to the 

meninges, cord, conus, or filum terminale, 

can tether the cord, and even grow into the 
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Figure 2. Lumbosacral meningocele. Longitudinal 
view: cauda equina (ce), meningocele (M). 

cord (complete surgical removal is then not 
possible).UO On sonography they are echo­
genic masses, the tethered cord is dorsal and 
does not oscillate freely. 

Hydromyelia, diastematomyelia 

Hydromyelia is a dilatation of the cord's cen­
tral canal that can be focal or involves the 
entire cord and can be found with myelo­
meningocele and diastematomyelia. On sono­
graphy, the central echogenic lines are sepa­
rated and the central canal is distended by 
hypoechogenic fluid. In diastematomyelia the 
cord is split and two hemicords with central 
canal in each are demonstrated on sonogra­
phy. The vertebral column is nearly always 
abnormal, spina bifida is common. 

Myelomeningocele 

The abnormal fusion or the closure of embry­
onic dorsal structures results in myelocele or 
myelomeningocele.11 The abnormality is visi­
ble and imaging is not needed, only occasion­
ally sonography is performed to distinguish a 
meningocele (Figure 3) from a myelomeningo­
cele (in the former the sac is empty, in the lat-
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Figure 3. Lumbosacral myelomeningocele. Longitudi­

nal view: cauda equina (ce) with the nerve roots 
extending into the myelomeningocele (M). Myelome­
ningocele enlarged with crying. 

ter nerve roots can be seen) (Figure 4) and to 
diagnose associated anomalies. For sono­
graphic scanning, the sac is covered by a plas­
tic wrap and scanned gently. The spinal cord 
is usually thinner than normal. 

After myelomeningocele repair, neurologic 
functions should not deteriorate. If they do, it 
may be caused by retethered spinal cord (inci­
dence 15 %)12 due to adhesions and scarring. 
The cord in myelomeningocele is low and 
remains low after surgery, but oscillates nor­
mally. When retethered, it does not oscillate 
normally, it is fixed to the posterior wall of the 
spinal canal and dense adhesions may be pre­
sent.12 The oscillation of the cord is more eas­
ily assessed with sonography than with MR. 
In myelomeningocele scanning over the cervi­
cal canal and toward the foramen magnum 
can demonstrate echogenic tissue of the cere­
bellar vermis of the Chiari II malformation. 

Sonography and magnetic resonance 

imaging (MR) 

With the availability of MR, the imaging 
modality which is the best for the demonstra-
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Figure 4. Lumbasacral lipama assaciated with meningacele. Transverse and langitudinal views: paarly defined 

hiperechaic lipama (1) and hypaechaic meningacele (M). 

tion of the anatomic details of the spina! 
canal, spine, and surrounding soft tissues, 
the role of sonographic imaging had to be 
reevaluated. Severa! studies comparing sono­

graphy and MR were conducted. Evaluating 
755 children with rnyelorneningocele in a 

study conducted to propose a diagnostic radi­

ological model to accurately evaluate the neu­
rological problems in the rnyelorneningocele 
child3 the authors found MR to be the best 

modality to evaluate the posterior fossa and 
the total spine. At tirnes MR may not ade­

quately diagnose subtle cases of tethering of 

the spina! cord, cord infarction, arachnoid 

cysts, or diastermatornyelia. In these cases, 
further evaluation is necessary with sonogra­

phy to look at cord pulsations in cases of teth­
ering, and computed tornography (CT) for 
other cases. In severe scoliosis MR is not ade­
quate and CT is indicated. 

As spina! sonography has becorne an 
accepted study to screen for occult dysraph-

nism in neonates and infants, it was irnpor­
tant to correlate sonography and MR. The 

authors of a study correlating sonography 

and MR confirmed the role of sonography in 
screening and stressed that MR is most useful 
when sonographic findings are abnorrnal or 

equivocal or when the normal skeleta! rnatu­

ration lirnits the sonographic visualisation of 
the intracanalicular contents.11 In another 
study of imaging of terminal rnyelorneningo­

cele (in a low nurnber of patients) the authors 
cornpared sonography, CT, and MR and con­

cluded that MR is the irnaging rnodality to 

diagnose and evaluate children with a rnyelo­

rneningocele. 3 Important are the results of the 
study on diagnostic value of spina! sonogra­

phy, a comparative study with MR imaging in 

paediatric patients.13 In 32 of 38 examina­
tions sonography allowed exactly the same 
diagnosis as MR. In five examinations, sonog­
raphy depicted the rnain abnorrnality but MR 
revealed additional findings. Whenever sono-
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g:raphy seans were normal, MR images also 

did not depict any spinal diso:rder. In all 24 

examinations with abno:rmal MR findings, 

sonog:raphy enabled detection of the abnor­

mality. 

Concluding, spina! sonog:raphy represents 

a valuable diagnostic tool for congenital 

anomalies of the lower spine in infants and 

small children and is recommended as the 

p:rimary imaging modality in those patients. 
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