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the foramen magnum as acoustic window allowed 
visualization of the cerebellum, especially the 
cerebellar vermis, which is characterized by parallel 
echogenic lines (corresponding to the fissures in 
this region) (Figure 5B). No image was formed when 
the frontal and parietal (dorsal region) bones were 
used as acoustic windows. Ultrasound examination 
performed through the dorsal frontoparietal 

craniotomy allowed a better identification of all 
structures mentioned above, including the choroid 
plexus (hyperechoic structure inside the lateral 
ventricle), third and fourth ventricles, corpus 
callosum (delimited by the hyperechoic sulcus 
callosum) , medulla oblongata (echoic structure), 
and sulci (more numerous than those seen through 
the intact bone) (Figures 2B and 3B). 

Figure 2  -  Dog brain A- Ultrasonographic image (transverse plane) obtained through the 
intact temporal bone (1- temporal muscle; 2- temporal boné; 3- temporal lobe; 
4- lateral ventricle; 5- diencephalon). B- Ultrasonographic image (transverse 
plane) obtained from dorsal frontoparietal craniotomy (1- esplenial gyrus; 
2- esplenial sulcus; 3- cingulate gyrus; 4- parietal lobe; 5- corpus callosum; 
6- lateral ventricle; 7- diencephalon; 8- piriform lobe; 9- basisfenoid bone). 
C- Digital radiography of the head. The dotted line indicates the topography 
of the section on the images obtained. D- Cross section anatomical of the 
head in the region corresponding to the ultrasound images shown in A and 
B (1- esplenial gyrus; 2- esplenial sulcus; 3- cingulate gyrus; 4- parietal lobe; 
5- corpus callosum; 6- lateral ventricle; 7- diencephalon; 8- piriform lobe; 9- 
basisfenoid bone; 10- temporal bone; 11- temporalis muscle)
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Discussion 

Ultrasonographic images of the dog brain obtained 

in this study after parietal craniotomy (without 

interposition of the skull bones) provided a detailed 

view of it.  Ultrasonographic visualization of structures 

such as the longitudinal fissure, ventricles, choroid 

plexus, corpus callosum, cerebral gyri and sulci, 

membranous portion of the cerebellar tentorium, and 
cerebellum obtained in this study can be considered 
superior to CT images obtained in other studies. 
However, this is not a real condition for adult dogs 
in the clinical routine, because the only acoustic 
window used in this study mimicked the fontanelle, 
which closes during the first month of life of these 
animals. On the other hand, ultrasound may be an 

Figura 3 - Dog brain A- Ultrasonographic Image (transverse plane) obtained through the intact 
temporal bone (1- cerebellum; 2- bony tentorium of the cerebellum, 3- left occipital lobe; 
4- longitudinal fissure). B- Ultrasonographic Image (transverse plane) obtained from 
dorsal frontoparietal craniotomy (1- occipital lobe; 2- bony tentorium of the cerebellum; 
3- membranous tentorium of the cerebellum; 4- cerebellum; 5- medulla oblongata; 6- 
occipital bone; 7- fourth ventricle). C- Digital radiography of the head. D- Anatomical 
cross section of the head in the region corresponding to the ultrasound images shown in 
A and B (1- occipital lobe; 2- tentorium cerebellum; 3- longitudinal fissure; 4- cerebellum; 
5- medulla oblongata; 6- occipital bone; 7- fourth ventricle). The dotted line shows the 
topography of the section on the images obtained
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excellent tool for intraoperative use in craniotomy 
and trepanation, mainly helping to localize injury 
and vascularization, reducing both damage to normal 
brain tissue and surgical time12,13,16,24,25,26,27. Ultrasound 
examination of the brain using the foramen magnum 

as acoustic window allowed a restricted evaluation 
of the brain, although without bone interposition. 
Only the cerebellum, especially the vermis with its 
multifissured aspect, was identified in the images of 
dogs examined in this study. 

Figure 4 - Dog brain A - Ultrasonographic Image (dorsal plane) obtained through the 
parietal bone (lateral portion) and B - anatomical section of the head in the 
corresponding region (1- temporal muscle; 2- parietal bone; 3- parietal lobe; 4- 
longitudinal fissure; LE: left side; Cr: cranial, Ca: caudal). C - Ultrasonographic 
Image (dorsal plane) obtained through the temporal bone and D - anatomical 
section of the head in the corresponding region (1- temporal muscle; 2- left 
temporal bone; 3- sulcus cerebral; 4- lateral ventricle; 5- longitudinal fissure; 
6- right temporal bone). E - Ultrasonographic Image (dorsal plane) obtained 
through the temporal bone and F- anatomical section of the head in the 
corresponding region (1- temporalis muscle; 2- temporal bone; 3- temporal lobe; 
4- hippocampus; 5- cerebellum; 6- diencephalon). The dotted line in the digital 
radiographs alongside corresponds to the region of the sections
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In Veterinary Medicine, several authors state that 
use of transcranial ultrasound in adult animals is not 
possible. They admit that skull bones cause 100% 
reflection of ultrasonic waves, preventing formation 
of images6,7,11,24. In this study, image formation was 
also not observed when the transducer was positioned 
on either the frontal bone or the dorsal frontoparietal 
transition. However, images of the brain were 
obtained when the transducer was placed on either 
the temporal bone or the lateral portion of the parietal 
bone of the ten dogs examined in the present study. As 
the temporal (squamous portion) and parietal (lateral 
portion) bones have compact structure and small 
thickness (0.15-0.20 and 0.30-0.35 cm, respectively), 
they can also be used as acoustic windows to perform 
ultrasound examinations in dogs. The physical 
explanation for the acoustic behavior of skull bones 
in man as proposed by White, Curry, and Stevenson33 
can be applied to the dog. 

Important structures could be visualized in the 
examination through the bone, although resolution of 
images thus obtained is lower than that obtained in the 
examination without interposition of the bone. Several 
factors can be pointed out to explain the decrease in 
image quality. Firstly, transmission of acoustic energy 

through a bone structure is always less than 35% of 
the emitted energy. In addition, the large difference 
between the values for acoustic impedance of surfaces 
of soft and bone tissues generates significant artifacts. 
In order to make a good scan of the brain, examining 
both right and left sides is necessary because 
reverberation artifacts make it difficult to assess the 
side contralateral to the side under examination. 
Thus, use of low-frequency (2-5 MHz) transducers 
is recommended. Regarding resolution, ultrasound 
images were markedly improved by the technology 
of multifrequency transducers. In addition, use of a 
single transducer provides additional flexibility. In 
this study a convex transducer was used. However, 
we believe that a transducer microconvex is the most 
appropriate due to the small area of contact with the 
surface to be examined. 

Although brain lesions were not evaluated in this 
study, the literature shows that neoplastic9,12,13,16,25,28, 
infectious18, hemorrhagic1,2,3,4,21, and cystic17 processes 
can alter the normal echogenicity of brain tissue and 
thus they could be detected by ultrasound examination 
depending on their size and location. In addition, 
shift of the longitudinal fissure, a hyperechoic line 
clearly visible in our sample of dogs, could be an 

Figure 5 -  Dog brain A - Ultrasound examination (transverse plane) performed through the intact frontal 
bone (1- frontal bone). The image was not formed. B - Ultrasonographic image (oblique 
dorsal plane) obtained through the foramen magnum (1- cerebellum; 2- foramen magnum)
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indicator of the mass effect caused by expansive 
intracranial lesions. However, we emphasize herein 
the difference between sonographic images obtained 
with and without the bone interposition, in which 
the former have a significant loss of quality by the 
physical reasons discussed above. Thus, sonographic 
examinations, in which alterations are absent, presence 
of brain disease cannot be ruled out. This study did 
not include examination of brain vasculature because 
dog carcasses were used. It is known that Doppler 
ultrasound can identify blood vessels in the region 
studied22,23,34. 

Conclusions 

The authors of this study did not intend to state 
that US is a substitute for established methods, such 
as CT and MRI, to examine the brain of adult dogs. 
But, it was presented its possibilities and limitations 
and consider its use for this purpose. Sonographic 
images of the brain were obtained through the intact 
temporal and parietal (lateral portion) bones in 
the dogs studied in which anatomical regions were 
identified, although its resolution is lower than that 
of images obtained without bone interposition. It is 

important to remember that some of the structures 
mentioned above may not be identified in different 
section planes due to variations that exist in different 
constitutional (brachycephalic, mesaticephalic, 
dolicocephalic) types. Moreover, as it occurs in 
ultrasound examination of soft tissues, identification 
of structures examined through bones also depend on 
professional experience. Furthermore, thickness of 
the temporal (squamous portion) and parietal bones 
in the same animal is not uniform. The very imprint of 
the cerebral gyri on the internal surface of the calvaria 
displays this irregular aspect. This study contributes 
with the observation of some aspects of anatomical 
normality in dogs. However, further studies with live 
animals are necessary to assess the method sensitivity 
in the ultrasound investigation of brain alterations 
through the cranial bones. 
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