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Abstract

Purpose—To evaluate the effect of powerless contact lens on improving the quality of optical 

coherence tomography imaging of rodent retina.

Methods—A spectral-domain optical coherence tomography (SD-OCT) system was built for in 

vivo imaging of rodent retina. The calibrated depth resolution of the system was 3 μm in tissue. A 

commercial powerless contact lens for rat eye was tested in the experiments. For each rat eye, the 

retina was imaged in vivo sequentially first without wearing contact lens and then with wearing 

contact lens. The lateral resolution and signal-to-noise ratio of the OCT images with and without 

contact lens were compared to evaluate the improvement of image quality.

Results—The fundus images generated from the measured 3D OCT datasets with contact lens 

showed sharper retinal blood vessels than those without contact lens. The contrast of the retinal 

blood vessels was also significantly enhanced in the OCT fundus images with contact lens. As 

high as 10 dB improvements in SNR was observed for OCT images with contact lens compared to 

the images of the same retinal area without contact lens.

Conclusions—We have demonstrated that the use of powerless contact lens on rat eye can 

significantly improve OCT image quality of rodent retina, which is a benefit in addition to 

preventing cataract formation. We believe the improvement in image quality is the result of partial 

compensation of the optical aberrations of the rodent eye by the contact lens.
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INTRODUCTION

Optical coherence tomography (OCT) is a low coherence interferometry based noninvasive 

microscopic imaging technology, which has undergone fast development in the past two 

decades.1–3 Since the development of spectral-domain (SD) detection technique, OCT is 

rapidly becoming an indispensable non-invasive imaging modality for the diagnosis and 

treatment monitoring of various ocular diseases in human.4,5 SD-OCT has also been widely 

used to image the eye of animals including small animal models of various retinal 

diseases.6–12 By providing unprecedented in vivo high-resolution visualization of the retinal 

structures small animal ophthalmic OCT has enabled the study of the time course of retinal 

diseases using the same animal. We anticipate that with the development of automatic 

segmentation software and more user friendly interface OCT will play a more and more 

important role in ophthalmic research. However, the diagnostic capability of OCT in both 

clinical applications and research highly depends on its image quality.

In addition to the dependence on the technology of an OCT machine, the imaging quality of 

retina, e.g. lateral resolution and signal-to-noise ratio (SNR), also depends on the optical 

properties of the anterior segment of the eye including its optical aberrations and 

transparency. Optical aberrations have been recognized as the ultimate limiting factor for the 

achievable lateral resolution of retinal images. To improve the lateral resolution of retinal 

imaging many groups are working on adaptive optics to correct the optical aberrations of the 

eye.13–16 Studies have shown that rodent eyes have high amplitude of various orders of 

optical aberrations.17–20 Application of adaptive optics has successfully improved the lateral 

resolutions of rodent retinal imaging.16

There is an additional hurdle in achieving high-quality imaging of rodent retina: cataract 

formation when the animal is anesthetized. To keep the eye transparent during imaging, 

examination time is required to be short, and artificial tears need to be applied to the cornea 

repeatedly.6 However, even with the application of artificial tears in our experiments 

cataract can still occur when the imaging time lasts longer (e.g. more than 10 min). To solve 

this problem powerless contact lenses have been used in imaging rodent retina with various 

imaging modalities.21,22

Contact lenses may have additional benefits for imaging the rodent retina. Gesine et al. used 

a custom-made contact lens (focal length: 10 mm) to reduce the risk of corneal dehydration 

and edema and to act as a collimator.23 In a previous human study, prescribed contact lens 

was used to partially compensate for corneal aberrations of human eye for adaptive optics 

scanning laser ophthalmoscopy.14,24 Srinivasan et al. found that imaging small animal eye 

with a “contact lens” made from a flat microscope coverslip and hydroxypropyl 

methylcellulose can effectively remove the refractive power of the air–corneal interface and 

the aberrations from irregularities in the cornea while maintaining corneal hydration and 
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clarity during imaging.20 However, since this type of “contact lens” is used to cancel the 

refractive power of the eye it is incompatible with standard retinal imaging techniques.

We used a powerless contact lens on rat’s eye to slow cataract formation in OCT imaging 

experiments. We found that the retinal OCT images had better quality after applying a 

contact lens. The purpose of this study is to verify our observations by directly compare the 

OCT images of rat retina acquired with and without a contact lens.

METHODS

Experimental System

A schematic of the experimental system is shown in Figure 1. A three-module 

superluminescence diode (SLD, T-840 Broadlighter, Superlum Diodes Ltd., Moscow, 

Russia) with a center wavelength of 840 nm and full-width-half-magnitude (FWHM) 

bandwidth of 100 nm is used in the system, which can achieve a depth resolution of ~3 μm 

in tissue. In the sample arm, the light was collimated, scanned by an X–Y galvanometer 

scanner, and then focused by an achromatic lens (L1, f = 75 mm). For imaging the retina in 

vivo, an ocular lens (L2, f = 19 mm) was added. The light beam was collimated after L2 and 

focused onto the retina by the anterior segment of the eye. In the detection arm, the reflected 

light from the sample and reference arms was collimated and detected by a spectrometer, 

which consists of an 1200 line/mm transmission grating, a multi-element imaging lens (f = 

150 mm), and a line scan CCD camera (AVIIVA EM4 2 k 4 × 12bits, 2048 pixels with 14 

micron pixel size, e2V). An image acquisition board (NI PCI-1429) acquired the image data 

captured by the camera and transferred them to a computer for signal processing and image 

display.

Animal Imaging

To evaluate the effect of contact lens on OCT retinal imaging, the system was applied to 

imaging the normal rat retina in vivo. The animal (Sprague Dawley rat, body weight: 450 g, 

Charles Rivers) was anesthetized by intraperitoneal injection of a cocktail containing 

ketamine (54 mg/kg body weight) and xylazine (6 mg/kg body weight). The pupil was 

dilated with 10% phenylephrine solution. All experiments were performed in compliance 

with the guidelines of the University of Southern California’s Institutional Animal Care and 

Use Committee. When no contact lens is used, drops of artificial tears were applied to the 

eyes every 2 min to prevent dehydration of the cornea and cataract formation. After 

anesthetization, the animals were restrained in a mounting tube, which was fixed on a five-

axis platform. The light power in front of the eye was about 900 μW, which is below the 

ANSI safety limits for eye imaging.25 The rat eye was first imaged without contact lens. The 

image quality on the real-time display was optimized by adjusting the ocular lens. 

Immediately after the imaging we put a few drops of artificial tears onto a powerless contact 

lens (Cantor + Nissel, PMMA 2.70/5.20, radius of curvature of the central optic zone: 2.70 

mm; diameter: 5.20 mm) and put it on the imaged eye gently. During this procedure, we 

tried our best to keep the eye in the same position. We then acquired another set of retinal 

OCT images. With contact lens we put no artificial tears on the eye during the imaging 

procedure. After all the images were acquired we post-processed them for analyses.
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RESULTS

Image Overview

Figure 2(a–d) shows two pairs of en-face images (OCT fundus image) of the acquired three-

dimensional dataset for the retina of two rats with and without contact lens, respectively. 

The images cover an area of 1.5 × 1.5 mm2 consisting of 512 (horizontal) × 128 (vertical) 

pixels and are displayed in grayscale. According to the retinal blood vessel pattern, we can 

see that the position of the eye is almost the same before and after putting on the contact 

lens. Compared with the fundus image without contact lens, the one with contact lens 

obviously provides higher resolution (sharper blood vessel image) and shows more small 

blood vessels. The contrast and sharpness of blood vessels increase significantly after 

applying contact lens.

Figure 3 shows two pairs of B-scan images for the retina of two rats with and without 

contact lens, respectively. The images consist of 2048 A-lines and are displayed in grayscale 

with same dynamic range. From the brightness of these images we can see that the signal 

intensity of the B-scan images with contact lens is higher than that without contact lens. The 

retinal layers in the OCT images also become clearer after applying contact lens.

Spatial Resolution

We evaluate the improvement of lateral resolutions of the OCT images by comparing the 

sharpness of the retinal blood vessels on the corresponding OCT fundus images. To compare 

the sharpness of retinal blood vessels, we manually identified the OCT cross-sectional 

images with and without contact lens that contain the same blood vessels at the same 

location. Figure 3 shows two pairs of the OCT images for two rats (a and b: rat 1 and 2 

without contact lens; c and d: rat 1 and 2 with contact lens). We then calculated the vessel 

profile by summing the pixel intensities in the depth direction, which are shown in Figure 4. 

As shown in Figure 4, the vessel profiles in the images with contact lens are sharper than 

that without contact lens for both rats. The central peak (higher reflection) in the vessel 

profiles is caused by the specular reflection of the vessel wall in the central region of the 

vessels. The retinal blood vessel profiles are typical when extracted from fundus images 

acquired by imaging technologies like fundus camera, SLO or OCT.26,27

Signal to Noise Ratio

We compared the signal-to-noise ratio (SNR) between the OCT images with and without 

contact lens. We manually chose several pairs of B-scan images at the same location of the 

retina in the corresponding dataset. Figure 5(a) and (b) show one pair of corresponding B-

scans chosen from the location marked as a white line in Figure 2(a) and (b), with and 

without contact lens respectively. A-line signals (or OCT signal) strength at locations 

marked as white lines on the B-scan images are shown in Figure 5(c) and (d). The A-line 

signals are displayed in linear scale. We can see that at the same location the OCT signal is 

much stronger with contact lens than that without contact lens.

We calculated the SNR of nine pairs of A-lines from three pairs of OCT images of three 

different rat eyes. The results are shown in Table 1. The SNR is calculated by using the 
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formula . In the calculation we determined the noise level by averaging 

the OCT signals before the top surface of the retina and that below the choroid, while the 

signal is determined by averaging the OCT signals between the RNFL and the choroid. 

From the results we can see that the SNR increased 2.9 dB to 10 dB after applying contact 

lens on the rat eyes.

DISCUSSION

From the experimental results we can see that both the spatial resolution and SNR of the 

OCT images were improved significantly after applying contact lens on the rat eyes. The 

results suggest that after applying contact lens the probing beam was focused better on the 

retina (smaller focal spot). Since the contact lens used in our experiments is powerless and 

each OCT image was acquired by adjusting the ocular lens to achieve the best image quality, 

we believe that the improvement of image quality is not caused by focus change.

We hypothesize that the image quality was improved as a result of smaller wave-front error 

of the anterior segment of the eye with contact lens. We all know that the corneal surface of 

rodent eyes frequently has various defects. These defects induce wave front errors which 

will add to the aberrations of the rodent eye. Since we added artificial tears in the contact 

lens before put it on the eye, the defects of the corneal surface may be smoothed out by the 

post-lens tear film. As a result, the aberrations of the eye may be partially compensated by 

the contact lens and lead to better OCT image quality. Since we do not have a wave-front 

sensor to measure the aberrations of the rodent eyes the hypothesis was not verified in our 

lab. Further experiments using a wave-front sensor may help verify the hypothesis.

In conclusion, we have for the first time investigated the effect of powerless contact lens on 

OCT imaging of rodent retina. By comparing the OCT images of rat retina with and without 

contact lens, we have demonstrated that using contact lens on rat eyes can significantly 

improve the lateral resolution and SNR of OCT images. This work demonstrated that 

contact lens can not only help prevent cataract formation in rodent eyes during imaging but 

also significantly improve the image quality of rodent retina.
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FIGURE 1. 
Schematic of the experimental OCT system. M: mirror; C1, C2: collimator; L1, L2: lens; 

PC: polarization controller.
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FIGURE 2. 
OCT fundus images generated from the acquired 3D OCT datasets for the retina of rat 1 (a 

and b) and rat 2 (c and d) with (c and d) and without (a and c) contact lens, respectively. 

(Bar: 150 μm).
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FIGURE 3. 
Two pairs of OCT images for the retina of two rats with and without contact lens. (a) and 

(b): OCT images of rat 1 without and with contact lens. (c) and (d): OCT images of rat 2 

without and with contact lens. The images consist of 2048 A-lines. (Bar: 200 μm).
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FIGURE 4. 
Blood vessel profiles generated by summation of the OCT signal along the depth direction. 

(a) The profile of blood vessel 1 in the area marked red in Figure 3(a) and (b); (b) The 

profile of blood vessel 2 in the area marked yellow in Figure 3(c) and (d).
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FIGURE 5. 
OCT signals at the same location of the retina chosen from a pair of OCT images with and 

without contact lens, the locations of which are marked as white lines in Figure 2(a) and 

Figure 2(b). (c) OCT signal without contact lens at the location marked in (a); (d) OCT 

signal with contact lens at the location marked in (b). (Bar: 200 μm).
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