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Abstract 
 

Objective- To determine the possibility of three-dimensional ultrasonography (3DUS) 

and measurement of optical nerve sheet by this method. 

Design- Descriptive study. 

Animals- 10 mixed normal dogs (5males, 5 females), age 1-1.5 year, and weighting 15±5 

kg 

Procedure- 3D ultrasounds of the eyes were evaluated and the normal optical nerves in 

3DUS images were measured using Volouson 730 pro. 

Results- In the obtained 3D images vitreous body, anterior chamber, and lens cortex and 

nucleus showed a distinct anechogenic to hypoechogenic. Details of the eyes 

compartments were better observed by rotating the images in all possible angles and 

planes using 3D facilities. Anterior and posterior lens capsule and the optic disk were 

hyperechogenic. The mean optical nerve in males was: 3.85 mm and in females it was 

3.86mm.   There weren’t a significant difference between ocular nerve measurements of 

male and female dogs and left and right eyes. 

Conclusion and Clinical Relevance- The 3DUS gives useful images for teaching and 

diagnostic purpose and Lesions of the caudal portion of the orbit (e.g. optic nerve 

atrophy) are better visualized by this technique. The results of the eye 3DU in dogs 

showed marked advantages in image acquisition for interpretation of all aspects of the 

ocular structures. Measurement of the optic nerve by 3D ultrasonography and other 

methods such as CT scan and direct measurement did not have any significant difference.   
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Introduction 

 

In veterinary ophthalmology, B-scan ultrasound provides a two-dimensional real-time image 

and is the most common mode of ultrasound in a clinical setting. In the last 10 years three-

dimensional ultrasonography (3DU) has been increasingly used as a diagnostic tool in human 

medicine 1, 2 but not common in veterinary practice yet. Ultrasonography seems to have 

many applications for diagnosing of ocular diseases according to anatomical structure of the 

eye which is a small superficial and available organ, also because of the special echo texture 

of aqueous humor and vitreous humor, and anatomical location of the canine eye which is 

easy to put the transducer on 2.  

There are some studies about usefulness of 3DU for clinical diagnosis in human 3,4. Presence 

of small disorders, hypema, foreign bodies, and tumors are plain to investigate by 3D 

ultrasonography. This is probably due to possibility of different angle scanning which provide 

favorite images for the clinician 4. In two-dimensional ultrasound (2DU), the caudal ocular 

disorders may not be visible because of the wrong probe positioning and angle. The size and 

distribution of the tumors are better visible in 3DU especially in the caudal region of the orbit 

5. If a local retinal detachment has not been seen in 2D examination it is much easier to be 

found by 3DU. Also 3DU of the eye can make better determination of choosing surgical 

treatment for the tumors which are placed in the caudal orbit region.  

The purpose of this study was to evaluate the possibility of taking 3D ultrasound images for 

better visualization of canine eye and also measurement of the optical nerve by using this 

technique. 

  

Materials and Methods 

 

A total of 10 (5 males and 5females) healthy dogs Aged 1.5-2 years old with no evidence of 

ocular disease were selected. GE Voluson 730-Pro ultrasound equipment with “3D small 

parts” option of a 5-12 MHz, linear trapezoid of 3D - 4D transducer was applied for all the 

examinations. All of the cases were sedated and Tetracain HCl 0.05% drop was used for 

relatively prevention of the eye movement. Transpalpebral method and liberal amounts of 

acoustic gel directly to the eyelid were applied for scanning of the eye 6,7. At the first, 2D 

images of the eye were obtained and after exact tracing of the ocular structures, 3DU image 

acquisition was performed as a volume of data with nearly immediate reconstruction and 

simultaneous display of sectional anatomy in three orthogonal planes (longitude plane, 

transverse or horizontal plane) or any arbitrary oblique plane and also finally a 360 degree 

rotating 3D plane. Multi-planar image analysis, freely adjustable planes within the volume, 

three-dimensional reconstruction and rotating 3D animation were all saved for farther essay. 

Finally the ultrasonogeraphy measurements of the optic nerve sheet were carried out a 

constant position located 5mm behind the optic disk in males and females, left and right eyes. 

All the obtained data were analyzed by paired sample T-test statistically.  

 

Results 

 

The 3D ultrasonography method was found to be a valuable technique for canine ophthalmic 

evaluations. All of the ocular structure at different planes could be finely displayed and 

analyzed. In the obtained 3D images, vitreous body, anterior chamber and lens cortex and 

nucleus showed distinct anecho to hypoechogenicity. Details of the different eye 

compartments were better observed by acquisition of the images in all possible planes (fig.1). 
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By using different probe angle, it was easily possible to detect different scans of complete 

lens, cornea, and iris and cilliary body and optic disc. However, it was easier to see all, 

longitudal, Horezental and Transverse planes by changing the position of the cursor presents 

on the monitor into the favorite plane (fig.1). The 3DU image acquisition required less than 

10 seconds using this advanced ultrasound machine. Finally a 3D rotating animation of the 

ocular structures at desired angle could be reconstructed for better visualization and 

recognition of different parts of the eye (fig.2). The values of the optical nerve in obtained 3D 

images, which were measured (fig.3) and shown (table 1). There wasn’t any significant 

difference (p<0.05) between ocular nerve measurements of male and female dogs and 

between left and right eye. 

 

 
 

Fig.1: 3D image of the eye which has the potential of demonstrating  

all the plans by changing the cursor on the voluntary point. 

 

 
 

Fig.2: The reconstructed 3D, final, rotating image of the eye; 

 1: anterior capsule, 2: posterior capsule, 3: ciliary body. 
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Fig.3: 3DUS images of the optic nerve sheet measurement  

using eyelid technique in Horizontal plan. 

 
Table1: Measurements of right and left eye optic nerve in female and male dogs 

 

Case No. Sex 
Right eye 

Optic nerve (mm) 

Left eye 

Optic nerve (mm) 

1 M 3.88 3.87 

2 M 3.94 3.92 

3 M 3.92 4.00 

4 M 3.74 3.78 

5 M 3.78 3.77 

6 F 3.85 4.08 

7 F 3.79 3.77 

8 F 4.06 3.85 

9 F 3.85 4.08 

10 F 3.90 3.89 

 

Discussion 

 

Different scanning methods could be applied for 3D data acquisition however, the length of 

the scanning time is very important, because the movements of the eyeball, the probe, or the 

animal body during scanning will cause distortion of the final image. So motionless patients 

and unmoved hand of the clinician are essential to take clear images. In our cases, the 3D data 

acquisition time required 5-10 seconds depending on the selected 3D box size of the 

interested region and also the desired image quality. It was so fast that a real-time 4D 

reconstruction could be performed too. In general, advanced ultrasound machine is necessary 

for this purpose. We also reduced the eyeball movements by using Tetracain HCl drop. Some 

medical researches have found out the usefulness of 3D ultrasonogeraphy in investigation of 

different disorders. Choroids melanomas have been diagnosed described and measured by this 

technique. Finger detected a retinoblastoma and its distribution in the eye in all 3D views. 

Gabor showed extension of retinal detachment, foreign body, on 18 eyes.3DUS measurement 

of the optical nerve by eyelid technique were carried out at a constant position located 5mm 

behind the optic disc to improve ultrasound sensevity, resolution and reproducibility .  

Measurement of the optic nerve by 3D ultrasonography and other methods such as CT scan 

and direct measurement did not have any significant difference. 8, 9 Julian have measured the 
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size of the optic nerve and compared the obtained data with CT scan which showed the more 

accuracy of 3D ultrasonogeraphy 10. 
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