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The purpose of this study was to report the normal ultrasonographic appearance and
spinal cord sagittal diameter of canine neonates. Longitudinal and transverse scans
were done on 11 clinically normal canine neonates were performed at 3, 10, 20 and
30 days of age, using 8-10 MHz linear transducer. Measurement of the spinal cord
sagittal diameter was recorded at different spinal segments. The spinal cord was
recognized as an anechoic to hypoechoic tubular structure within the spinal canal,
the three meningeal layers enclosing the cord were identified as hyperechoic dura
and pia matters with the anechoic subarachnoid matter in between the two. The
spinal cord sagittal diameter at the cervical and lumbar regions was greater than that
of the thoracic region, and the cord was tapered at the mid-lumbar region forming
the conus medullaris. It was difficult to visualize the spinal cord after 30 days of
age. In conclusion, ultrasonographic imaging of the canine neonatal spinal cord
varies with age till 30 days old.
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the present study was to report the normal
ultrasonographic appearance and sagittal diameter of
normal canine neonatal spinal cord from birth till
ossification of the spinous arches.

INTRODUCTION
Ultrasonography of the spine is a non-invasive
method used for diagnosing spinal diseases in human
neonates (Kawahara et al., 1987). The incompletely
ossified posterior arches of infants’s vertebrae act as
acoustic window for visualizing the spinal canal (Rubin et
al., 1988). In older ages, spinal ultrasonography can only
be performed in cases of spina bifida or following
laminectomy (Mankin et al., 2012).
The ultrasonographic appearance of the canine
neonatal spinal cord has been described (Finn-Bodner et
al., 1995; Schmidt et al., 2008). The technique allows
accurate spinal imaging and characterization of spinal
abnormalities within the first few days of life (Lowe et al.,
2007). The diagnostic value of spinal ultrasonography
includes its ability to diagnose congenital spinal
malformation (myelomeningiocele, spinal lipoma,
diastematomyelia and syringomyelia) and acquired
diseases such as meningeal tears or spinal injury due to
birth trauma (Braun et al., 1983). Spinal ultrasonography
also provides the basis of accurate correlation between
injury and segment level with subsequently effective
treatment (Ko et al., 2004; Hecht et al., 2014).
Little literatures have been published describing the
canine neonatal spinal ultrasonography. The purpose of

MATERIALS AND METHODS
The present study was carried out on 11 neonates (6
male and 5 female) of mixed-breed dogs. All study
procedures were approved by Animal Care and Use
Ethical Committee of Faculty of Veterinary Medicine,
Cairo University, Egypt. Spinal ultrasonography was done
at 3, 10, 20 and 30 days of age, using 8-10 MHz linear
transducer attached to a Samsung Madison (SONOACE
R3®-Korea) machine. An acoustic coupling gel was
applied over the back. Puppies were held by assistant in
ventral recumbency. The head and neck were kept
horizontally in straight position with the back. The
transducer was placed over the midline starting from the
atlanto-occipital articulation and moved backward till the
lumbo-sacral articulation. Care was taken to keep the
puppies fixed in straight position to obtain exact midline
images.
Longitudinal and transverse images were recorded at
the upper and lower cervical, cranial and caudal thoracic,
as well as cranial and caudal lumbar regions. The focal
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zone, image resolution and time gain compensation were
fixed before each examination. The appearance and
diameter of the spinal cord were recorded along the spinal
canal starting from the atlas (C1) and ended at the last
lumbar vertebra (L7). Ultrasonographic detectability of the
examined spinal segment was reported at the different
regions based on previously established anatomical
landmarks (Budras et al., 2007; Baines et al., 2009).
Briefly, in cervical region, the second cervical vertebra
(axis) was taken as a landmark. The first three thoracic
vertebrae with their long spinous processes were taken as
landmark for counting the cranial thoracic segments. In
the caudal thoracic region, the anticlinal vertebra (T11)
with its vertically directed spinous process was taken as a
landmark. In lumbar region, the anatomical landmark was
taken from the transverse scan through detection of the
last rib-bearing vertebra that presumed to be T12 and the
sequential numbering was made (T13- L7).
Measurements were made on the exact mid-sagittal
plane from the inner aspect of the hyperechoic dorsal and
ventral pia matter, each measurement was made three
times and the mean was calculated. All examinations were
performed by the same examiner; data were stored
digitally and analyzed offline.
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Fig. 1: Longitudinal scan of the cervical (C) spinal cord segment at 3days of age. Note the anechoic tubular spinal cord (SC), the
hyperechoic pia matter (PM), the anechoic subarachnoid space (SA) and
the hyperechoic dura matter (DM).

Statistical analysis: The spinal cord diameter at the
different segments was expressed as means ± SD. Data
were analyzed using SPSS software 21 (IMP SPSS Inc.,
Chicago, IL). Wilcoxon Signed Rank Test was used for
detection of statistically significant differences of the
spinal sagittal diameter at different ages (3, 10, 20 and 30
days). The results were considered statistically significant
at P<0.05.
RESULTS
In longitudinal scan, the spinal cord appeared as a
well-defined anechoic to hypoechoic tubular structure
within the spinal canal. The spinal cord at the cervical and
lumbar regions was obviously wider than the thoracic
region. The cord showed tapering at the mid-lumbar
region (L3- L5), forming the conus medullaris.
At 3 days of age:
In longitudinal scans, the spinal cord was as a welldefined anechoic tubular structure within the cervical and
thoracic regions, while in the lumbar region it was
anechoic to almost hypoechoic structure. The dura matter
was identified as echogenic horizontal lines seen dorsal
and ventral to the cord in the cervical and thoracic
regions, while it was tightly adhered to the dorsal and
ventral surfaces at the lumbar region. In cervical and
lumbar regions, the pia matter was a thin echogenic linear
structure, covering the cord parenchyma dorsally and
ventrally, while it was visualized only ventrally in the
thoracic region. The subarachnoid space within the
cervical region (cisterna magna) was visualized in
between the hyperechoic dura and pia matter as anechoic
cerebrospinal fluid-filled space. In the thoracic and
lumbar regions, the subarachnoid space was decreased to
a narrow anechoic line along the spinal canal (Figs 1 and
2).

Fig. 2: Longitudinal scan of the cervico-thoracic spinal cord segment at
3-days of age. Note the hyperechoic pia matter (PM), the anechoic
subarachnoid space (SA) and the hyperechoic dura matter (DM), the
short cranially directed cervical vertebrae (C) and the long caudally
directed spinous process of the thoracic vertebrae (T). The diameter of
the spinal cord at the cervical region is greater than that of the thoracic
region. The hypoechoic central echoes (CE) divide the anechoic spinal
cord (SC).

Fig. 3: Transverse scan of the cervical spinal cord segment at 3-days of
age. The spinal cord is anechoic spheroid structure is centrally
positioned within the spinal canal. The dura matter and the pia matter
could not be differentiated.
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Fig. 7: Longitudinal scan of the lumbar (L) spinal cord segment at 20days of age. Tapering of the spinal cord starting from the L4 forming the
conus medullaris. The hyperechoic dura and pia matter are clearly
differentiated.
Fig. 4: Transverse scan of the thoracic spinal cord segment at 10-days
of age. The spinal cord is mild heterogeneous ovoid structure with few
echogenic foci. The dura matter (DM), pia matter (PM) and the
subarachnoid space (SA) could be easily differentiated.

In transverse scans, the spinal cord was spheroid (in the
cervical region), ovoid (in the thoracic region) or round
(in the lumbar region) anechoic structure surrounded by
hyperechoic pia matter. The dura matter was closely
adhering to the spinal canal in the cervical region, while
the pia and dura matter could not be differentiated at the
thoracic and lumbar regions (Fig 3).
At 10 days of age:
In longitudinal scans, the spinal cord in the cervical
region was anechoic to hypoechoic. A linear central echo
was seen near the middle of the cord; this central echo
was unequally dividing the cord parenchyma into narrow
dorsal and wide ventral parts. In the thoracic region, cord
was a mildly heterogenic structure with few echogenic
foci, while in the lumbar region it was more heterogenic
with multiple echogenic foci along its parenchyma. The
hyperechoic dura and pia matters were more echogenic
and more thick than they were at 3 days of age.

Fig. 5: Transverse scan of the lumbar spinal cord segment at 10-days of
age. The spinal cord is heterogeneous ovoid structure with few
echogenic foci. The dura matter (DM), pia matter (PM) and the
subarachnoid space (SA) could be easily differentiated. Note the
transverse process (TP) of the lumbar vertebrae.

In transverse scans, the spinal cord was mildly
heterogeneous ovoid structure with few echogenic focci at
the cervical and thoracic regions. However, in the lumbar
region, multiple echogenic foci were seen within the
heterogenic cord parenchyma. The hyperechoic dura and
pia matters could be differentiated enclosing the anechoic
subarachnoid space (Figs 4 and 5).
At 20 days of age:
In longitudinal scans, the spinal cord was uniformly
tubular hypoechoic structure with homogenous less
echogenic central echo along its segments. The largest
diameter of the cord was recorded at C6 - C7. The
diameter of the cord was almost equal along the thoracic
segment (Figs 6 and 7).
In transverse scans, the spinal cord was elliptical
heterogenic structure in the cervical region and ovoid
hypoechoic structure in both thoracic and lumbar regions
with central echogenic foci.

Fig. 6: Longitudinal scan of the thoraco-lumbar spinal cord segment at
20-days of age. Note the tubular heteroechoic appearance of the spinal
cord (SC) with multiple echogenic focci and enclosed by the hyper
echoic pia matter (PM) and dura matter (DM).

At 30 days of age:
In longitudinal and transverse scans, the appearance of
the spinal cord and its surrounding meninges was similar
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Fig. 8: The mean measurements of the spinal cord sagittal diameter
(mm) at 3, 10, 20 and 30 days of age at different spinal cord segments.

to that of the 20 days of age. It was difficult to visualize
the cord after 30 days of age, as ossification of the spinous
processes hindered the ultrasonographic examination.
The sagittal diameter of the spinal cord was
significantly increased with age at all examination times
except C1 between 3 and 10 days, L1 and L6 between 20
and 30 days as well as L4 between 10 and 20 days. The
mean measurements of spinal cord sagittal diameter at the
different ages are presented in Fig 8.
DISCUSSION
The spinal cord was recognized as anechoic to
hypoechoic tubular structure within the spinal canal
surrounded by three meningeal layers including the
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hyperechoic dura and pia matter and the anechoic
subarachnoid matter. The echogenicity of dura matter was
stronger than the pia matter which may be due to presence
of dense longitudinally oriented bundles of collagen,
elastic fibers as well as flattened fibroblasts (Budras et al.,
2007; Baines et al., 2009). The subarachnoid space
appeared anechoic between the dura-arachnoid layers and
the surface of spinal cord as it is filled with acellular
cerebrospinal fluid (Beltran et al., 2012). Detection of
dorsal and ventral subarachnoid space depends on the
amount of cerebrospinal fluid which varies according to
the region visualized (Evans and Christensen, 1979). It
has been reported that the dorsal and ventral borders of
the spinal cord were echogenic due to the difference in
acoustic impedance between subarachnoid space and
spinal cord parenchyma (Nakayama, 1993). In our
opinion, the echogenic appearance of dorsal and ventral
borders of the spinal cord could be attributed to the
closely adhered dorsal and ventral pia matter. The
echogenic appearance of the pia matter seems to be due to
its collagen and elastic fibers as well as longitudinally
oriented fibroblasts (Budras et al., 2007). Moreover, the
acoustic enhancement produced by the cerebrospinal fluid
in the subarachnoid space may participate in the
echogenic appearance of the cord.
The parenchymal echogenicity of the spinal cord
varied with age of neonates from anechoic (3 days old),
mild heteroechogenic (10 days of age), heteroechogenic
(20 days of age) to homogenous hypoechoic (30 days of
age). The increased echogenicity could be attributed to the
increased fiber tracts or parenchymal vasculature (Teele
and Share, 1991; Nakayama, 1993). The grey matter with
its few myelinated nerve fibers could not be differentiated
from the densely myelinated white matter using the 8-10
MHz transducer, which is similar to a previous study
(Teele and Share, 1991).
Obvious variation was noticed in the sagittal diameter
of the spinal cord at the cervical and lumbar levels
compared to the diameter at the thoracic level. It has been
reported that the cervical and lumbar intumescences may
be due to the increased nerve fibers required for the
formation of the brachial and lumbosacral plexus
respectively (Zalel et al., 2006; Lowe et al., 2007).
Limitations of the present study included the use of
relatively low number of animals of only one breed and
the absence of Magnetic Resonance Imaging or autopsy
study parallel to the ultrasound examination. In
conclusion, the neonatal spinous processes can be used as
an acoustic window for visualizing the spinal cord and its
adjacent structures during the first month of life. The
spinal cord is a well-defined anechoic to almost
hypoechoic tubular structure within the spinal canal. The
size and echogenicity of the spinal cord parenchyma
increase with the age of neonates.
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