
of June 4, 2025.
This information is current as

vertebral bodies in newborns and infants.
A method for sonographic counting of the lower

and A P van Gils
F J Beek, M S van Leeuwen, N M Bax, E H Dillon, T D Witkamp

http://www.ajnr.org/content/15/3/445
1994, 15 (3) 445-449AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57959&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fanjpdfjune25
http://www.ajnr.org/content/15/3/445


A Method for Sonographic Counting of the Lower Vertebral Bodies 
in Newborns and Infants 

Frederik J . A . Beek, Maarten S. van Leeuwen, Nikolaas M.A. Bax, Evan H. Dillon, 
Theo D. Witkamp, and Ad P. G. van Gils 

PURPOSE: To determine whether the lumbosacral junction of the vertebral column can be 
identified with sonography in newborns and infants and thus serve as a method for counting the 
lumbar and sacral vertebral bodies. METHODS: In 32 newborns and infants, the number of ossified 
vertebral bodies distal to the lumbosacral junction was counted with sonography and radiography . 
RESULTS: Sonographic and radiographic findings agreed in 29 of 32 examinations (9 1% ). 
CONCLUSIONS: The lordotic transition at the lumbosacral junction can be identified with 

sonography in the majority of newborns and infants, allowing intraspinal structures to be related 
to a specific vertebral level. 
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Cartilage is hypoechoic and transsonic on so
nography. Because the vertebral arch is mostly 
cartilagenous in newborns and infants, there is an 
acoustic window for sonographic examination of 
the contents of the spinal canal, and abnormalities 
can be detected (1-5). An important finding is a 
position of the conus medullaris at or below the 
level of the third lumbar vertebra, as this low 
position can be associated with a tethered cord 
syndrome (6, 7). However, it is difficult to corre
late intraspinal structures to a specific vertebral 
level because anatomic landmarks are not easily 
discerned. It is possible to mark the skin with a 
lead marker at the level of the conus medullaris 
or at the site of pathologic structures and obtain 
a plain film. Placement and fixation of a mark 
can be troublesome in newborns and infants. A 
sonographic method for counting the vertebral 
bodies would be superior to marking, and has the 
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additional advantage of avoiding the acquisition 
of plain films after marking (8, 9). 

The purpose of this study was to assess 
whether the lumbosacral junction (LSJ) of the 
vertebral column could be identified as a distinct 
entity with sonography. If this were possible, the 
LSJ could serve as a landmark for sonographic 
counting of the lumbosacral vertebral bodies, 
which would determine the position of intraspinal 
structures. 

Materials and Methods 

The aim of the study was to identify the LSJ 
with sonography and to count the number of 
ossified vertebral bodies distal to it. The results 
were compared with a radiographic count of 
ossified vertebral bodies distal to the LSJ. 

Thirty-two children entered into the study from 
December 1991 until August 1992. The age at 
examination varied from 0 to 249 days, with a 
mean age of 69 days and a median age of 23 
days. One child was premature, of 35 weeks 
postconceptual age. Eight children had an ano
rectal malformation, 7 had urologic abnormali
ties, 6 had upper gastrointestinal tract disorders, 
3 had a metabolic disorder, and 3 were suspected 
of having hip dysplasia. The remaining 5 children 
had miscellaneous diseases. All children were 
referred for sonography and either plain films of 
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Fig. 1. (A) Composition sonogram of the lower spine. The LSJ 
is shown as a lordotic transition (long arrow) between the lumbar 
and sacral vertebrae. The fifth sacral body ossification center is 
visible (arrowhead). The coccyx is composed of hypoechoic 
cartilage (short arrow). 

(8) The LSJ (long arrow) is seen in the same patient on a 
lateral film of a barium enema. The fifth sacral vertebral body 
ossification center is just visible (short arrow). 

the vertebral column or voiding cystourethrogra
phy or colon enema. 

Sonography of the lower spine was done via a 
dorsal approach with the patient in a lateral de
cubitus position. Sagittal images using a 5 MHz 
linear array probe (Advanced Technology Labo
ratories, Bothe!, W A) were obtained. The LSJ 
was identified as the point of lordotic transition 
from the relatively straight line of the dorsal side 
of the lumbar vertebrae to the gentle kyphosis of 
the sacral vertebrae (Fig 1 ). If the LSJ was not 
obvious on sonography, the distal spine was 
flexed and extended gently or the child was 
placed in a prone position . Because the sacral 
vertebrae move as a block with movement taking 
place at the LSJ , the LSJ can be identified. The 
vertebra proximal to the LSJ was labeled the fifth 
lumbar vertebra (L-5) and the vertebra distal to 
the LSJ was labeled the first sacral vertebra (S-
1). The ossified vertebral bodies distal to the LSJ 
were counted and the most distal vertebral body 
was annotated on film. For example, if 4 ossified 
vertebral bodies were present below the LSJ, the 
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lowest was named S-4; if 7 were present, the 
lowest was named C-2. The radiographs were 
reviewed by two radiologists (T.W., A.G.). They 
agreed independently on the number of ossified 
vertebral bodies distal to the LSJ in 24 studies. 
In the remaining 8 cases, consensus was reached. 

TABLE 1: Comparison of the number of ossified vertebral bodies 

distal to the LSJ, counted with radiography and sonography 

Sonography 

S-4 

S-5 

C-1 

C-2 

S-4 

Radiography 

S-5 

13 

C-1 

2 
12 

C-2 

4 

Note.-S-4 is the fourth sacral vertebral body, four vertebral bodies 

present; S-5, fifth sacral vertebral body; C-1 , first coccygeal vertebral 

body; and C-2, second coccygeal vertebral body. 

Fig. 2. Composition sono
gram of the lower spine. The 
lumbar vertebral bodies form 
an almost straight line. The lor
dotic transition is gentle and 
the LSJ (long arrow) could be 
overlooked if a probe with a 
small field of view is used. The 
tip of the conus medullaris 
(short arrow) is visible at the 
interspace between the first 
and second lumbar vertebral 
body. The first ossification cen
ter of the coccyx is seen 
(curved arrow). 
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Fig. 3. Miscalculation in an 
early study of a patient with 
four ossified sacral vertebral 
bodies. Although the LSJ is 
well seen (arrow), it was not 
recognized, probably because 
of the expectation that five os
sified sacral vertebral bodies 
should be present. The most 
caudal ossification center, be
lieved to be the fifth sacral ver
tebral body (S-5), is actually the 
fourth. Counting upward, the 
fourth lumbar vertebral body is 
erroneously labeled L-5 and the 
twelfth thoracic vertebral body 
is erroneously labeled L-1 . Four 
sacral ossified vertebral bodies 
were seen on a lateral plain film 
of the vertebral column. 

All sonographic examinations of the spinal col
umn were done after parental consent. The study 
was approved by the hospital ethics committee. 

Results 

The results of the radiographic and sono
graphic count are shown in Table 1. Sonographic 
and radiographic findings agreed in 29 of 32 
examinations (91 %). The results were discordant 
in 3 patients: in one patient radiography showed 
4 elements and sonography 5; in 2 patients ra
diography showed 6 elements and sonography 5. 
Flexion and extension of the spine or changing 
of the position of the child from lateral decubitus 
to prone improved the visibility of the LSJ in 5 
children. 

Discussion 

In some articles on sonography of the spinal 
canal, no mention is made of a method of count
ing the vertebrae (1, 5, 10). Others refer to pal
pation of surface landmarks. The end of the lower 
ribs is said to indicate the level of L-2 ( 11) and 
the supracristal line, connecting the top of the 
palpated iliac crests, is supposed to transsect the 
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L3-4 level (7). In newborns and infants, palpation 
of these landmarks is not easy to do. 

A sonographic landmark would be more con
venient. The termination of the dural sac at S-2 
is mentioned as such a landmark (12), but this 
termination can be difficult to discern because 
the most distal, echogenic spinal roots are not 
always surrounded by cerebrospinal fluid and can 
merge gradually with echogenic tissue in the 
distal sacral canal. Naidich et al ( 13) advises 
comparing a lateral radiograph to a sonogram 
and looking for a prominent anatomical fixed 
feature. 

The LSJ is such a fixed feature and is often 
well seen on sonography and radiography (Fig 1 ). 
The lordosis of the lumbar vertebral bodies de
velops mostly when the child starts walking ( 14, 
15). Therefore, the dorsal surfaces of the lumbar 
vertebrae form a rather straight line on sonogra
phy in newborns and infants, both in a prone or 
lateral decubitus position. The sacral vertebral 
bodies form a kyphosis, which is present from 

A B c 
Fig. 4. Newborn boy with multiple congenital abnormalities. A 

frontal radiograph of the spine (A) demonstrates an abnormally 
large and asymmetric fifth sacral vertebral body (arrow) . The 
lower lumbar vertebral bodies are obscured by an umbilical cord 
clamp. A lateral plain film (B) shows a kyphosis at L-4 (arrow). 
Sonography of the spine (C) shows a low conus medullaris (double 
arrow) at L3-4 with a sonolucent collection at the tip, representing 
a cerebrospinal fluid cyst (long arrow) and a thickened filum 
terminale (short arrow) in a dural sac, which ends at S3-4. The 
final diagnosis was trisomy 13. The child died of muscle weakness 
and apnea. 
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A B c 
Fig. 5. Four-month-old boy with a 2-month history of mictu

ration disturbances who was admitted for further investigation. A 
few hours after admission, he developed a paraplegia . A lateral 
spinal radiograph (A) shows some discrete scalloping of the dorsal 
surface of the lower thoracic and upper lumbar vertebral bodies 
with widening of the intervertebral foramina of L 1-2 and L2-3 
(arrows). Increased interpedicular distance of T-12 is seen on a 
frontal film (arrow, B). Sonography (C) demonstrated an intra
spinal tumour extending from the eighth thoracic vertebral body 
(arrow) to the fourth lumbar vertebral body (arrows) . He was 
referred to another hospital for further imaging and operation. 
The final diagnosis was a poorly differentiated Ewing sarcoma. 

fetal life and thereafter (14). At the LSJ, a angular 
lordotic transition of the spinal column can be 
seen sonographically in most patients. In this 
study, the LSJ was correctly identified in 91 % of 
the patients. 

The described method for the sonographic 
identification of the LSJ has some limitations. 
Experience is needed to discern the LSJ , espe
cially with the limited field of view of the linear 
array transducer, which was used in this study. 
A transducer with a longer field of view, combined 
with a split-screen , dual-image feature could im
prove the visibility of the LSJ, which is often 
obvious on composition sonograms (Fig 2). 

In patients with congenital vertebral abnormal
ities, sonography can be confusing. Because plain 
films will be available in these patients, a sono-
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graphic count of the ossified vertebral bodies can 
be related to a radiographic count and the posi
tion of intraspinal structures can be determined. 

The study is limited by the use of radiography 
as a standard of reference. On radiography, it can 
be difficult to appreciate tiny ossification centers. 
The expected number of ossified vertebral bodies 
distal to the LSJ in newborns and infants is five 
or six (14). A tiny ossification center in a seventh 
vertebral body tends to be overlooked on radiog
raphy. This happened in some of the patients, for 
whom consensus had to be reached on the radio
graphic films. The LSJ was well seen in most of 
these cases, but the number of ossified vertebral 
bodies distal to the LSJ was used as comparison 
between radiography and sonography in the 
study. The sonographic counting was also influ
enced by this expected number in the beginning 
of the study. This can be seen in one of the first 
examinations of a child with four ossified sacral 
vertebral bodies. Although the LSJ is evident in 
retrospect, five ossification centers were counted 
(Fig 3). In two other patients, the LSJ was not 
well seen, leading to a miscalculation. This means 
that the described method can be applied only in 
patients in whom the LSJ is well seen. 

The described method of sonographic counting 
can be helpful in locating possible intraspinal 
abnormalities in newborns and infants, especially 
if access to magnetic resonance imaging equip
ment is limited. The results can be used to direct 
therapeutic measures or diagnostic workup. Find
ing intraspinal abnormalities can be an additional 
argument to refrain from treatment in children 
with multiple congenital abnormalities (Fig 4). 
The method can be helpful as a screening ex
amination to direct additional examinations (Fig 
5). 

In summary, the lordotic transition at the LSJ 
can be identified with sonography in the majority 
of newborns and infants, allowing intraspinal 
structures to be related to a specific vertebral 
level. 
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