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Fundus photography is a key component of 
ophthalmology. High-quality fundus images need 
the use of appropriate optics and illumination. 
Smartphones are increasingly being used as clinical 
imaging devices in ophthalmology due to their 
growing availability and quick advancements in 
image capture and sharing technologies (Khanamiri 
et al, 2017 and Iqbal, 2021). A commercial fundus 
camera is expensive (Haddock et al, 2013). The 
images obtained by smartphone ophthalmoscopy 
are inferior in quality than those obtained by 
fundus cameras, yet they have great diagnostic 
significance (Sirin, 2020). The benefits of smartphone 
fundoscopy include wireless network access, low 
cost, long battery life, and easy transportability 
(Kanemaki et al, 2016; Haddock, 2018, and Yadav 
et al, 2023). The use of smartphones in diagnostic 
ophthalmology is growing these days because they 
make it easier to obtain feasible, high-quality retinal 
images at the field level. Artificial intelligence was 
used to detect automated diabetic retinopathy 
through smartphone-based fundus photography 
(Rajalakshmi et al, 2018). The present study was done 
to standardise the technique of cost-effective fundus 
imaging in camels using a Smartphone fundus 
imaging assembly made from locally available 
materials.

Materials and Methods
The present study was done in both the eyes 

(n=78) of 39 dromedary camels of different breeds. 
The smartphone fundus imaging assembly used 
was a modified version used previously by Raju et al 
(2016). The cost-effective fundus imaging assembly 
was made with locally available materials. The PVC 
pipe as an optical tube was aligned centrally at the 
camera hole of the smartphone adhered with glue. A 
piece of sandpaper was rolled and pasted inside the 
PVC pipe. At the other end of the optical tube, 20D 
condensing lens was fixed with electrical insulation 
tape (Fig 3). After smartphone positioned into the 
back cover, device was ready for fundus imaging. The 
fundus imaging was done in a semi dark room after 
dilation of pupil with 0.5% tropicamide, 20-30 min 
prior to examination. 

Positioning and Fundus imaging
The camels were restrained either in sternal 

(Fig 1) or lateral recumbency (Fig 2). The smartphone 
side of the attachment was held with one hand while 
20D lens rested on thumb of other hand and index or 
middle finger held the eyelid open, lens was held 3-5 
cm away from cornea. The fundus images were taken 
in continuous video mode with the flashlight on, and 
then screenshots of the desired fundus images were 
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ABSTRACT
The present study was done to standardise the technique of cost-effective fundus imaging in camels using 

a smartphone fundus imaging assembly made from locally available materials such as PVC pipe, sand paper, glue, 
electrical insulation tape, smartphone with it’s back cover and 20 D condensing lens. The camels were examined in 
sternal and lateral recumbency. The fundus images were recorded in continuous video mode and later on screenshot 
of desired images were taken from videos. The camels were more convenient in sternal recumbency as compared to 
lateral. The assembly was held perpendicular to the cornea. During examination, continuous eye globe movement 
and nictitating membrane covering cornea and sometimes damaged part of pupillary ruff were major constraints. 
The technique was cost effective, transportable and good quality fundus images were obtained.
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