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ABSTRACT 

 

Background 

The number of people in India who have diabetes mellitus and its most common microvascular 

complication, diabetic retinopathy, is steadily rising. This makes it more important than ever to check for 

the disease early on so that it doesn't get worse and threaten vision. It is anticipated that improved visual 

outcomes will result from early detection of diabetic retinopathy through efficient screening programs. 

When compared to the disability loss of blindness, it has been demonstrated that early detection and 

treatment of diabetic retinopathy, which has a protracted latent phase, is more cost-effective. A quick and 

affordable way to diagnose probable diabetic retinopathy is with fundus photography. These days, mobile 

phones with high-definition cameras are commonplace. The fundus provides a wealth of opportunities 

for imaging with a mobile phone. This study utilizes a novel technique of smartphone-based mydriatic 

fundus examination compared with non-mydriatic handheld fundus camera to diagnose diabetic 

retinopathy at early stages in a rural population at a primary health care setting. Thus, this study helps to 

calculate the prevalence of diabetic retinopathy in the rural population, to validate the usage of 

smartphone-based mydriatic fundoscopy and non-mydriatic handheld fundus cameras, and also compares 

the efficiency of the diagnosis of diabetic retinopathy and image quality in both of the modalities. 

Methods 

This descriptive study was conducted from June 2022 to November 2023. This study was done on 280 

eyes attending the outpatient department of ophthalmology at a rural hospital attached to a tertiary care 

center. All patients underwent a fundus examination by non-mydriatic portable fundus camera, followed 

by dilated fundus examination by smartphone-based fundoscopy using a smartphone and 20 D lens and 

compared to fundus examination findings by indirect ophthalmoscopy. A modified early treatment of 

diabetic retinopathy study grading system was used to grade diabetic retinopathy. The appearance of 

diabetic macular edema or proliferative DR (PDR) was considered a sign of sight-threatening DR. The 

image quality, sensitivity, and specificity were evaluated. 
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Results 

Sensitivity and specificity for detection of diabetic retinopathy in smartphone-based fundus examination 

were found to be 91.53% and 96.30%, whereas in the non-mydriatic fundus camera, it was found to be 

88.14% and 95.06%. According to the grading in both cameras, 20 patients (14.28%) had DME. The non-

mydriatic fundus camera revealed that 71.42 percent had non-proliferative DR (NPDR) and 10.71% had 

PDR, whereas smartphone-based fundoscopy revealed that 71.92% had NPDR and 10.52% had PDR. 

The retina specialists also evaluated and contrasted the image quality of the two imaging methods. Both 

imaging modalities produced pictures that were all ungradable (grade 0). Retinal photos obtained in SBF 

had an ordinary (grade 2) picture quality of 34.9%, a good (grade 3) image quality of 56.5%, and an 

outstanding (grade 4) image quality of 4.6%. The retinal photos from the nonmydriatic portable fundus 

camera were of ordinary (grade 2) quality in 66.8% of cases, good (grade 3) in 21.9% of cases, and 

exceptional in none of them (grade 4). 

Conclusion 

This study proves that both smartphone and non-mydriatic fundus camera imaging readily meet DR 

screening requirements in an outreach setting. Smartphone-based fundus imaging is better as a screening 

tool, but not all devices are suitable in terms of image quality. Thus, this study concludes that both of the 

imaging modalities can prove to be a cost-effective way for screening purposes in a resource-limited 

outreach setting. The sensitivity of these screening modalities can be increased by investing in better 

resolution fundus cameras and better quality smartphones as well as training of imagers. 
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INTRODUCTION 

It is becoming more and more crucial to screen for diabetic retinopathy early in order to prevent 

the development of vision-threatening phases of the illness, as the prevalence of diabetes mellitus 

and its most prevalent microvascular consequence, diabetic retinopathy, is steadily rising in the 

Indian population. In India, the number of people with diabetes mellitus has risen from 61.3 

million in 2011 to 77 million in 2019. An additional 77 million people are thought to be 

prediabetic, and the number is expected to reach 101 million by 2030 and 134.2 million by 2045. 

Due to economic transition, lifestyle westernization, and increased lifespan, the prevalence of 

diabetes mellitus is higher in low- and middle-income nations. One major microvascular 

consequence of diabetes that can pose serious health risks to persons in their working years is 

diabetic retinopathy. Diabetic macular oedema and proliferative diabetic retinopathy, which are 

collectively referred to as vision-threatening diabetic retinopathy, can result in significant vision 

loss, even though the earlier stages of the disease, primarily the non-proliferative stages, may not 

cause noticeable visual impairment.  

In two years, 26% of patients with vision-threatening diabetic retinopathy who do not 

receive treatment are expected to have significant visual impairment. According to the 2015–2019 

National Diabetes and Diabetic Retinopathy Survey report, the prevalence of diabetic retinopathy 

in those over 50 was estimated to be 16.9%, while the prevalence of vision-threatening diabetic 

retinopathy in India was 3.6%. Nearly all people with type I diabetes and the majority of patients 

with type II diabetes eventually develop diabetic retinopathy (DR).[1] The most common cause of 

new blindness in working-age adults is diabetic retinopathy, which can lead to blindness.[2] 

Blindness affects about 4% of people with early-onset diabetes, and almost all of the blindness in 

this age range is caused by DR complications.[2] Blindness affects 2–3% of people with late-onset 

diabetes.[3] Diabetes is responsible for around one-third of blindness cases.[2] Blood pressure and 

blood sugar levels can be carefully managed to lower the risk of diabetic retinopathy.[4,5]  
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It is anticipated that improved visual outcomes will result from early detection of diabetic 

retinopathy through efficient screening programs. Diabetic retinopathy has a protracted latent 

period, and diabetics should be screened and treated promptly. 

It has been demonstrated that retinopathy is more affordable than blindness as a handicap loss.[6,7] 

In fact, Ferris[8] calculated that with the right early intervention, blindness can be decreased 

tenfold. A quick and affordable way to diagnose probable diabetic retinopathy is with fundus 

photography. The ability of the photograph to be viewed by people in different places is one of 

its main benefits.[9] Expert interpretation of the ETDRS seven-standard-field 35-mm stereoscopic 

color retinal picture (ETDRS) of the dilated eye is the gold standard for assessing diabetic 

retinopathy.[10,11] The lack of skilled ophthalmologists has also been addressed by 

telemedicine.[12,13] Screening is still insufficient in spite of these efforts.[14,15] It is anticipated that 

a screening technique that does not call for trained personnel will greatly increase availability and 

lower expenses.[16] These days, mobile phones with high-definition cameras are commonplace. 

The fundus provides a wealth of opportunities for imaging with a mobile phone. It provides the 

ability to picture and record the fundus even in situations when a fundus camera is not available, 

such as in rural camp screening or a clinic that focuses largely on the anterior portion. Indirect 

ophthalmoscopy only requires a condensing lens, but direct ophthalmoscopy requires an easily 

attached light source. Mobile phones enable image storage and magnification, which facilitates 

data connectivity and image sharing for cross-consultation. By using a mobile phone as a direct 

ophthalmoscope, the examiner can avoid being in close proximity to the patient, which might be 

uncomfortable. 

 

 

METHODS 

Study Design 

Evaluation of diagnostic test (descriptive study). 

 

Study Setting 

Patients attending the outpatient department of ophthalmology at the rural hospital, attached to a 

tertiary care hospital. 

 

Study Duration 

June 2022 - November 2023. 

 

Study Population 

All patients satisfying inclusion and exclusion criteria were included in the study.  

 

Sample Size 

According to a study conducted by Rajiv Raman and Suganeswari Ganesan in 2014 at Sankara 

Netralaya Chennai, the prevalence of diabetic retinopathy was 10.3% in the age group >40 years.  

 

Sample size was calculated using the formula. 

n=Z2 pq/d2 

 

Where, 

Z = table value of alpha error from standard normal distribution table (1.96) P value -anticipated 

frequency (p)= 10.3 %q value (q)=100- 10.3 = 89.7 % 

Thus, n=1.96x1.96 (10.3 x 89.7)/5x5 

n = 140 

So, 140 patients are selected for study. 
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Sampling Technique 

Systematic random sampling. 

 

Inclusion Criteria 

1. Age group of >40 years 

2. Both males and females 

3. Patients presenting to OPD of rural hospital with a  history of gradually progressive 

dimensions of vision 

4. Patients who are willing to give consent 

5. Patients who are known cases of diabetes mellitus type 2. 

 

Exclusion Criteria 

1. Inability or unwillingness to provide informed consent 

2. History of known retinal disease 

3. History of intraocular surgery (other than cataract surgery) or of ocular laser or injection 

treatment for any retinal disease 

4. Extremely small pupil that affected image capture, or an opacity or other condition in either 

eye that precluded good bilateral retinal photography. 

5. Conjunctivitis, red eye, or any other inflammatory condition with photophobia. 

6. Gestational diabetes mellitus. 

 

Fundus Image Collection 

Using Non-Mydriatic Handheld Fundus Camera 

Before undergoing retinal imaging, the individuals are put in a dark room for a minimum of two 

minutes to induce physiological mydriasis. The non-mydriatic portable fundus camera is used to 

take one external fundus image of each eye. 

 

Indirect Ophthalmoscopy Using Smartphone and 20D Lens 

When paired with a +20D condensing lens, the cell phone camera is utilized to perform indirect 

ophthalmoscopy. The camera's LED flashlight is used to illuminate the fundus. Fundus 

illumination and video recording are made possible by the ability to program the flash to be 

constantly on when in the video mode. We therefore employed this method for fundus imaging, 

using a mobile phone in video mode as a video indirect ophthalmoscope. Dilated pupils are used 

in the mobile phone indirect ophthalmoscopy (also known as smartphone-based fundoscopy) 

technique. 

 

Indirect Ophthalmoscopy 

As the gold standard for diagnosing diabetic retinopathy, all patients underwent indirect 

ophthalmoscopy utilising an indirect ophthalmoscope and a 20 D lens. The patient is told to keep 

both eyes open while lying in the supine posture with one pillow on a bed or couch. The examiner 

uses a self-illuminated ophthalmoscope to send light into the patient's eye from an arm's length 

away. The most commonly used binocular ophthalmoscope in practice is one that is mounted to 

the frame of the eyeglasses or has a headband. The examiner next places the condensing lens (+ 

20D, typically) in the path of the light beam, near the patient's eye, while maintaining eye contact 

with the client. He or she then gradually pulls the lens away from the eye (towards himself) until 

the retina's image is clearly visible.  
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To look at various fundus quadrants, the examiner circles the patient's head. For example, to 

inspect the inferior quadrant (about the 6 o'clock meridian), the examiner must stand opposite 

the clock hour position. For example, to examine the patient's head (12 o'clock meridian), and so 

forth. The entire peripheral retina up to the ora serrata can be inspected by requesting the patient 

to look in extreme gaze and utilising a scleral indenter. 

Diagnosis of Diabetic Retinopathy 

Two separate ophthalmologists used a modified Early Treatment of Diabetic Retinopathy Study 

grading method to grade DR. The presence of diabetic macular oedema or proliferative DR 

(PDR) was used to identify sight-threatening DR (STDR). The picture quality, sensitivity, 

specificity, positive and negative predictive values, and sensitivity were evaluated. 

 

 

Image Quality [21] 

A five-level grading system was used to assign grades to the photos captured using both 

techniques. 

Grade 0: Ungradable (due to media opacities like thick cataracts or complete vitreous 

hemorrhage, no detail was discernible). 

Grade 1: Poor (larger lesions such as blot hemorrhage and dense hard exudates were detected, 

but only gross retinal features were). 

Grade 2- Average grade two Minor degrees of retinopathy, such as microaneurysms, IRMA 

(Intra-Retinal Microvascular Abnormalities), or modest new vessels, are not readily discernible, 

while major retinopathy details are visible. 

Grade 3: Good (retinopathy changes detectable, retinal details fairly obvious). 

Grade 4: Excellent (all retinal details and retinopathy lesions clearly apparent), 

Statistical Analysis 

Version 15.0 of the SPSS statistical software was used for all statistical analyses. Whereas 

categorical data are shown as proportions, continuous data are expressed as mean ± standard 

deviation. Using indirect ophthalmoscopy as the gold standard, the sensitivity and specificity for 

detecting DR and diagnosing DR of different severity levels were computed for non-mydriatic 

fundus camera inspection and smartphone-based fundoscopy. 

Ethical Consideration 

The study was approved by the Institutional Ethics Committee. The written informed consent 

was obtained from each participant. Detailed information about the purpose of the study was 

given to the participants. Complete confidentiality of the data was maintained by the principal 

investigator. 
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RESULTS 

Both types of retinal photography were completed by 140 diabetic patients, totaling 280 eyes. 

Males made up 75 (53.57%) of the patients. The participants' average age was 58.18 ± 4.2 years, 

and their average diabetes duration was 6 ± 2. In the 280 eyes, every image may be graded. 

In both non-mydriatic fundus cameras and smartphone-based fundoscopy, the overall 

prevalence of DR was 40% and 40.71%, respectively. The non-mydriatic fundus camera revealed 

that 71.42 percent had NPDR (Non-Proliferative DR) and 10.71% had PDR, whereas smartphone-

based fundoscopy revealed that 71.92% had NPDR and 10.52% had PDR. According to the 

grading in both cameras, 20 patients (14.28%) had DME. 

Sensitivity and specificity for the detection of diabetic retinopathy in smartphone 

funduscopy were found to be 91.53% and 96.30%, respectively, whereas for non-mydriatic fundus 

camera, it was found to be 88.14% and 95.06%, respectively. The PPV and NPV for smartphone-

based funduscopy in comparison with indirect. 

Ophthalmoscopy was found to be 94.73% and 93.98%, respectively. Whereas for the non-

mydriatic fundus camera, it was found to be 92.86% and 92.77%, respectively. 

The retina specialists also evaluated and contrasted the image quality of the two imaging 

methods. Both imaging modalities produced pictures that were all ungradable (grade 0). Retinal 

photos taken in SBF had image quality ratings of poor (grade 1) in 4%, average (grade 2) in 

34.9%, good (grade 3) in 56.5%, and outstanding (grade 4) in 4.6%. In contrast, the retinal photos 

from the nonmydriatic fundus camera were of poor quality (grade 1) in 11.3%, average (grade 

2) in 66.8%, good (grade 3) in 19.9%, and exceptional (grade 2%). Compared to the non-

mydriatic handheld fundus camera, the SBF's image quality was superior. The K statistics for 

the fundus camera were 0.83, while those for SBF were 0.88. Hence, kappa statistics show that 

both approaches have great agreement. 
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Sensitivity and specificity and k agreement for diabetic retinopathy detection by SBF in 

comparison to indirect ophthalmoscopy were as follows: sensitivity 91.53%, specificity 96.30%, 

PPV 94.73%, NPV 93.98%, and k statistics were 0.88. 

 

Smartphone Based 

Fundoscopy 

Indirect 

Ophthalmoscopy 
Result Cases (Total: 280) 

Positive Positive True Positive 108 

Negative Positive False Negative 10 

Negative Negative True Negative 156 

Positive Negative False Positive 6 

Table 1 

 

Sensitivity and specificity and k agreement for diabetic retinopathy detection by non-

mydriatic fundus camera in comparison to indirect ophthalmoscopy were as follows: sensitivity 

88.14%, specificity 95.06%, PPV 92.86%, NPV 92.77%, and k statistics were 0.83. 

 

Non- Mydriatic Fundus 

Camera 

Indirect 

Ophthalmoscopy 
Result Cases (Total: 280) 

Positive Positive True Positive 104 

Negative Positive False Negative 14 

Negative Negative True Negative 154 

Positive Negative False Positive 8 

Table 2 

 

 

DISCUSSION 

Diabetic retinopathy can be treated with a variety of techniques that maintain vision and lower 

the risk of visual morbidity, making screening for the condition extremely cost-effective. The 

benefit of using retinal colour photography for DR screening is that it is quicker and makes it 

simpler to acquire, store, and transmit retinal images. For routine DR screening, most middle- 

and lower-income nations require an affordable, sensitive retinal imaging technology. 

 

Demographic Characteristics 



Neuroquantology |Feb 2025 | Volume 23 | Issue 01| Page 129-142 | Doi: 10.14704/nq.2025.23.1.NQ25015 
Dr. Snehal Bonde Chaurasia," Comparison of Screening by Mydriatic Smartphone Based vs. Nonmydriatic Handheld Fundus Camera for 
Undiagnosed Diabetic Retinopathy amongst Type 2 Diabetic Patients in Rural Hospital - A Descriptive Study” 
 

                                                                                                                                                                                                                 
                                                                                                                                                                                                                   138  

eISSN: 1303-5150     
    www.neuroquanotology.com 

  

In the present study, males account for 53.57% of the study population while females constitute 

46.43%. The mean age of the participants was 58.18 ± 4.2 years. 

According to a study done by Pritam Bawankar et al,[4] 62.23% of patients were males, 

whereas 37.77% of the study population was constituted by females. The mean age of the 

participants was ranging from 20 to 58 (mean 58) years. 

In a study done by Maximilian Wintergerst[17] and et al., the study population consisted of 

41% males and 59% females. The age of the study population was ranging from 23 to 76, with a 

mean age of 56.64 ± 10.85 years. 

According to a study done by Pradeep Tekade et al,[18] 51.72% of the study population 

were males and 48.27% were females. The mean age of study participants was found to be 58.66 

± 10.634 years. 

In a study done by Yong Seok Han et al,[5] study population included 47.32% females and 

52.68% males. The mean age of the study population was found to be 60 ± 12.5 years. 

On the contrary, in a study conducted by Uday R. Gajiwala et al,[19] female population 

constituted 54.30% of total study population, and males constituted 45.32% of the total study 

population. The age of study participants was ranging from 50-80+ years. This difference might 

be due to different study designs and selection criteria, etc. 

 

 

Image Quality 

The retina specialists evaluated and compared the image quality of the two imaging methods. 

Both imaging modalities produced pictures that were all ungradable (grade 0). Retinal photos 

taken in SBF had image quality ratings of poor (grade 1) in 4%, average (grade 2) in 34.9%, 

good (grade 3) in 56.5%, and outstanding (grade 4) in 4.6%. In contrast, the retinal photos from 

the nonmydriatic fundus camera were of poor quality (grade 1) in 11.3%, average (grade 2) in 

66.8%, good (grade 3) in 19.9%, and exceptional (grade 2%). Compared to the non-mydriatic 

handheld fundus camera, the SBF's image quality was superior. 

According to a study done by Pritam Bawankar et al.[4] in which a comparative study was 

done between automated analysis by Bosch DR algorithms based on non-mydriatic fundus 

photography and ETDRS mydriatic fundoscopy, out of 1084 eyes, 1128 images were of 

acceptable quality for evaluation (96.1%) taken by a non-mydriatic fundus camera. 

A research by Yong Seok Han et al.,[5] claims that the nonmydriatic tabletop camera was 

used to acquire a single posterior segment picture for every patient. An average of 2 ± 0.9 photos 

were obtained for the mydriatic smartphone-based photo. Photographs taken with a tabletop 

camera and a smartphone had an average quality of 1.9 ± 0.1 and 1.8 ± 0.09, respectively. Twelve 

eyes (11%) had ungradable posterior photos taken by the mydriatic smartphone-based system, 

whereas sixteen eyes (14%) had ungradable posterior photos taken by the non-mydriatic camera. 

According to the McNemar χ2 test, this difference was statistically significant (P = 0.03). Poor 

dilation and media opacity (cataract) were the most frequent reasons for lower-quality posterior 

segment photos.  

A study by Rajalaxmi et al.,[16] claims that retinal professionals evaluated and compared 

the visual quality of two cameras. Not a single picture captured by either of the two cameras was 

ungradable (grade 0). Retinal photos obtained in Zeiss had an average (grade 2) picture quality 

of 34.9%, a high (grade 3) image quality of 53.5%, and an outstanding (grade 4) image quality 

of 7.6%. The retinal photos from the FOP camera were of ordinary (grade 2) quality in 66.8% of 

cases, good (grade 3) in 17.9% of cases, and exceptional (grade 4) in 4% of cases. Zeiss's image 

quality was superior to that of the FOP system. 
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The four SBFI (Smartphone Based Fundus Imaging) devices employed by Maximilian 

W. M. Wintergerst et al.,[17] were based on direct ophthalmoscopy for the first three and indirect 

ophthalmoscopy for the last device. For the majority of the tests, all four SBFI methods produced 

clear images; however, there was more variation in reflex artifacts, image contrast, and 

illumination. For the direct BFI devices 1, 2, and 3 and the indirect SBFI device, approximately 

68%, 17%, 16%, and 8.2% of the videos were categorised as having inadequate image quality, 

respectively. There were notable differences in contrast and lighting, reflex artifacts, and 

sharpness/focus between SBFI devices. 

Since none of the patients who were recruited for our study had a very deep cataract or a complete 

vitreous haemorrhage, there were no ungradable images in the fundus photos acquired with either 

camera. In contrast to SBF, some patients' nonmydriatic fundus camera photos had low quality 

because of blurry media and tiny pupils, while others may have had improper focus. As a result, 

the fundus camera images did not show any minor DME lesions or some faint new arteries in the 

PDR's periphery. While the SBF produced better quality images, the non-mydriatic fundus 

camera also produced gradable photos of a respectable caliber. 

 

Prevalence of Diabetic Retinopathy 

According to this study, the total prevalence of DR in non-mydriatic fundus cameras and 

smartphone-based fundoscopy was 40% and 40.71%, respectively.  

The non-mydriatic fundus camera revealed that 71.42 percent had non-proliferative DR 

(NPDR) and 10.71% had PDR, whereas smartphone-based fundoscopy revealed that 71.92% had 

NPDR and 10.52% had PDR. According to the grading in both cameras, 20 patients (14.28%) 

had DME.  

According to retinal photography using Zeiss fundus and FOP cameras, the total prevalence of 

DR was 59.1% and 55.5%, respectively, in research by Ramchandran Rajalaxmi et al.[21] In 165 

of 178 patients, the DR detection matched (92.7%).  

While the FOP camera revealed 40.2% had NPDR and 15.3% had PDR, the conventional 

fundus shot revealed 43.9% had NPDR and 15.3% had PDR. Based on the grading in both 

cameras, 82 patients (27.2%) had DME. 

According to a study by Pradeep Tekade et al,[18] 10.76% of patients with diabetes 

mellitus had DR overall. According to the ETDRS Classification, 10.76% (n=122) of the 1133 

subjects had DR, of which 31.96% (n=39) had mild non-proliferative disease, 42.62% (n=53) 

had moderate non-proliferative disease, 4.09% (n=5) had severe non-proliferative disease, 5.73% 

(n=8) had proliferative disease, and 18.03% (n=22) had clinically significant macular oedema. 

In a study done by Uday Gajiwala et al,[19] the prevalence of DR, sight-threatening DR, 

and maculopathy using indirect ophthalmoscopy was found to be 12.1%, 2.1% and 6.6%, 

respectively. 

According to a study by Bastion MLC et al,[20] at least 24% of eyes had retinopathy of 

some kind, with proliferative retinopathy accounting for a high proportion at 14.3%. 

According to a study done by Bob Mash et al,[21] Out of 400 patients screened, 84% had 

a significantly reduced visual acuity, and 63% had retinopathy (22% severe non-proliferative, 

6% proliferative, and 15% maculopathy). 

 

Sensitivity and Specificity and Kappa Statistics 

In our study, sensitivity and specificity for detection of diabetic retinopathy in smartphone-based 

fundoscopy were found to be 91.53% and 96.30%, respectively, whereas for the non-mydriatic 

fundus camera, it was found to be 88.14% and 95.06%, respectively. The PPV and NPV for 

smartphone-based fundoscopy in comparison with indirect ophthalmoscopy were found to be 

94.73% and 93.98%, respectively.  
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Whereas for the non-mydriatic fundus camera, it was found to be 92.86% and 92.77%, 

respectively. . K statistics for SBF were found to be 0.88, whereas for the fundus camera, it was 

found to be 0.83. Hence, both methods have excellent agreement according to kappa statistics. 

According to a study done by Bawankar et al.[4] on the detection of DR by the BOSCH 

DR algorithm software for the diagnosis of DR. The sensitivity, specificity, PPV, and NPV were 

91.18%, 96.9%, 94.4%, and 95.0%, respectively; thus, they stated that these values readily meet 

screening criteria. 

In a study done by Yong Seok Han et al,[5] fifty-six patients at a safety-net hospital 

underwent teleophthalmology screening for DR using standard, nonmydriatic fundus 

photography with a tabletop camera (Nidek NM-1000) and dilated fundus photography using a 

smartphone camera with lens adapter (Paxos Scope, Verana Health). The dichotomized analysis's 

κ value of 0.91 showed that the grades of photographs taken using a smartphone and those taken 

with a tabletop camera agreed well. Mydriatic smartphone-acquired photos were found to be 

82% sensitive and 96% specific, with a positive predictive value of 82% and a negative predictive 

value of 96%, when used as a reference to detect referral-warranted DR. Mydriatic smartphone-

acquired photos were found to have a 90% positive predictive value, a 97% negative predictive 

value, 95% sensitivity, and 98% specificity once a documented clinical examination reference 

was included. 

In a study by Rajalakshmi et al,[16] at a tertiary care diabetes center in South India, 301 

patients (602 eyes) with type 2 diabetes underwent standard seven-field digital fundus 

photography using both an indigenous FOP and a Carl Zeiss fundus camera. The kappa (ĸ) 

agreement was 0.90, and the sensitivity and specificity for identifying any DR by FOP were 

92.7% and 98.4%, respectively. 

The purpose of a study by Bastion MLC et al,[20] was to evaluate the predictive values 

and dependability of spectral-domain OCT (Optical Coherence Tomography) and NMFP (Non-

Mydriatic Fundus Photography) for the identification of DME and DR using DFE (Dilated 

Fundus Examination). The DFE study was regarded as the gold standard. NMFP sensitivity was 

80.3% for OCT and 77.3% for DR. Specificity was 55.7% for OCT and 81.8% for NMFP. OCT's 

area under the receiver operating characteristics curve (AROC) was 0.68, while NMFP's was 

0.80. NMFP has a sensitivity of 63.2% for DME and 82.5% for OCT. OCT had a specificity of 

61.5% while NMFP had a specificity of 90.1% for DME. For DR, the NMFP and OCT PPV 

(Positive Predictive Values) were 76.1% (95% CI: 63.9-85.3%) and 57.6% (46.8-67.7%), 

respectively. NMFP and OCT had respective negative predictive values (NPVs) of 82.7% (95% 

CI: 72.8-89.7%) and 79.0% (66.4-87.9%). For DME, the NMFP and OCT positive predictive 

values were 80.0% (95% CI: 67.6-88.5%) and 57.3% (45.9-68.0%), respectively. OCT and 

NMFP had negative predictive values of 84.8% (95% CI: 73.4-92.1%) and 79.6% (95% CI: 70.3-

86.7%), respectively. 

Ahmed Yusuf et al,[22] compared the sensitivity and specificity of the PEEK (Portable 

Eye Examination Kit) retina to a standard ophthalmic fundus camera (Zeiss Visucam 200) for 

the diagnosis of DR. They discovered that the PEEK retina's overall sensitivity for DR was 84% 

(95% CI 70.9–83.5), while its specificity was 79.9 (95% CI 76–83.5), with a PPV of 30.9% (95% 

CI 23.2–39.4) and an NPV of 97.9% (95% CI 95.9–99.1). 

 

 

LIMITATIONS 

1. 1.Major drawback of this study is that the patients with hazy media were excluded from the 

study, so the efficiency of both of the imaging modalities in hazy media couldn’t be tested. 

2. Smartphone-based fundoscopy largely depends upon the quality and resolution of the camera 

of the smartphone used; thus, cost-effectiveness can be questionable. 
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3. Imaging by non-mydriatic handheld fundus cameras also depends upon the resolution of the 

camera. 

4. Beginners can have difficulty in learning fundus examination using a smartphone without 

using any device to attach a 20 D lens to the smartphone, so training is required. 

 

 

SUMMARY AND CONCLUSIONS 

Therefore, our study demonstrates that while both of these modalities easily satisfy DR screening 

requirements in an outreach context, SBF's affordability, portability, ease of image transmission, 

and other features offer a platform for both in-clinic use and the planning of mass DR screening 

programs in low- and middle-income nations like India. 

However, sensitivity and quality of images can be made better by investing in better 

resolution fundus cameras and better quality of smartphones and training of imagers. 

An additional benefit of the SBF is the ability to zoom in on photos using the smartphone's 

touch screen, which allows you to see and expand them rapidly and identify particular retinal 

abnormalities. 

Participants were more comfortable taking retinal images with the BOSCH fundus camera 

than with SBF because the LED light's light intensity was lower. This prevented pain from the 

high-intensity flash, which was a disadvantage of SBF that was comparable to indirect 

ophthalmoscopy. 

Although SBF is a lot cheaper and more affordable than a non-mydriatic fundus camera. 

All one needs is a smartphone and a 20D lens, whereas the BOSCH fundus camera is 4 times 

costlier than SBF. 
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