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INTRODUCTION

Since its introduction for the 1st  time in the 1950s, artificial intelligence (AI) has captured the 
imagination of one and all.[1] With continuous technological developments and AI becoming a part 
of our everyday lives through various applications,[2,3] the fascination with AI has only increased 
further. AI has become a part of the healthcare sector, in the form of advanced machinery[4,5] and 
various software.[6,7] The applications of AI in the field of medicine are through its advanced forms, 
machine learning (ML), and deep learning (DL). While ML signifies a machine’s capacity to learn 
without receiving overt commands, DL is a further evolved category of ML which empowers AI 
systems to make choices by means of artificially created neural networks. Convolutional neural 
network (CNN) is a DL architecture that can process and learn directly from data. The ability to 
process huge databases, recognize patterns in images, and formulate predictive models puts AI 
in a great position to benefit medicine, especially technology and image-oriented branches like 
ophthalmology. A variety of imaging modalities are used by ophthalmologists, such as external 
photography, slit-lamp photography, fundus images, computed tomography (CT), and magnetic 
resonance imaging (MRI). With the continuous blending of technology and medicine, multiple 
researches have employed AI in ophthalmology.[8-11] Through this manuscript, we summarize the 
use of AI in the subspecialty of oculoplastic and reconstructive surgery.

PTOSIS

Ptosis is a common presentation in the oculoplastics clinic but a mild ptosis may be missed by 
a physician or general ophthalmologist. Malposition of the eyelid may be a presentation of an 
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underlying disorder such as ptosis in myasthenia gravis/third 
nerve palsy or eyelid retraction in thyroid ophthalmopathy. 
Thus, detection and prompt referral to a specialist may 
be key to early diagnosis. The dynamic nature of eyelid 
and subjective variation among clinicians may be another 
factor that hinders an early diagnosis. AI can provide an 
innovative solution and become a useful tool for general 
practitioners. Van Brummen et al.[12] used AI to determine 
static and dynamic measurements of eyelid parameters 
such as mean reflex distance (MRD), canthal height, and 
intercanthal distance. Static measurements were performed 
from digital photographs while dynamic measurements 
were performed from a smartphone-captured video of a 
natural blink. ResNet50 and UNet-style softwares were 
used for segmentation of photographs. The measurements 
by AI had comparable accuracy to human segmentation. 
Thomas et al.[13] used OpenFace AI software to perform 
automated measurements of eyelid palpebral aperture 
in ptosis patients. The results were comparable to that of 
manual measurement by clinicians. Chen et al.[14] performed 
eyelid parameter measurements including MRD1, MRD2, 
and levator muscle action by employing medical AI 
assistant AI system using a smartphone. The calculations 
performed by CNN showed a comparable correlation to 
human performance. A  tablet device was used by Tabuchi 
et al.[15] to capture photographs in their study. AI software 
MobileNetV2 CNN used in this research could distinguish 
ptosis patients from normal subjects with high accuracy. 
Hung et al.[16] showed that a trained AI model VGG-16 CNN 
outperformed non-ophthalmologist physicians in detecting 
ptosis from digital photographs. AI could deliver a higher 
sensitivity and specificity with better accuracy than human 
examiners. Song et al.[17] developed an AI decision-making 
software to choose the type of ptosis surgery. A  gradient-
boosted decision tree recognized seven facial features to 
capture 2D and 3D data from photographs. The AI system 
processed data to determine whether a subject had ptosis 
and then differentiated ptosis into two categories, based on 
recommended surgical approach (frontalis suspension or 
levator muscle surgery). When 2D and 3D measurements 
were combined, a higher accuracy could be achieved.

SURGICAL RECONSTRUCTION

Orbital reconstruction is conventionally performed either 
with autografts (bone or cartilage grafts) or alloplastic 
implants. However, designing an autograft according to 
the desired shape/size is difficult while alloplastic implants 
such as titanium are mostly flat. These limitations can be 
overcome by designing customized implants for patients 
using 3D reconstruction of the images [Figure  1] followed 
by 3D printing technology. By “mirroring” the normal 
side from an orbital CT scan, a personalized implant can 

be created. These “patient-specific implants (PSIs)” follow 
a “lock and key” mechanism and can be used for orbital 
reconstruction in a variety of orbital disorders [Figure  2]. 
Habib and Yoon[18] reported the use of PSIs for revision 
orbital reconstruction in eight patients with good functional 
and aesthetic outcomes. Surgical reconstruction of the eyelid 
after tumor excision may pose a challenge to the surgeon. 
Decision regarding the timing of surgery and knowledge 
about the expected complexity can prepare a surgeon for 
better patient management. Tan et al.[19] developed an AI-
based decision tree model to predict the expected surgical 
reconstruction complexity after the excision of eyelid tumor. 
A  ML-based software applied AI algorithms to clinical 
photographs to predict the surgical complexity of a case. 
The study reported that Naive Bayesian model could best 
predict the surgical complexity while the ADTree model was 
capable of classifying cases that were at high risk of complex 
reconstructions. Computer-assisted navigation guidance is 

Figure  1: Cat 3D reconstruction of orbital 
fracture.

Figure 2: “Lock and key” type fitting by pre-
operative mirroring from normal side.
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another useful adjunct in surgical reconstruction and has 
been discussed later.

DETECTION OF ORBITAL FRACTURES

Inception V3 is a CNN that was utilized by Li et al.[20] for 
detection of orbital blow-out fractures. Radiological details 
from CT scans were extracted by Inception V3, followed 
by processing probability values by XGBoost ML model. 
Following segmentation and annotation processes, the AI 
system classified images into “fracture” and “non-fracture” 
categories. This DL software showed an accuracy of 92% in 
detection of blow-out fractures.

COSMETIC EYELID SURGERY

For comparison of therapeutic effects of autogenous fat filling 
(AFF) with conventional double eyelid surgery, a denoising 
AI algorithm was applied to CT scan images by Fang et al.[21] 
Symmetric extended convolutional residual network used in 
the study was found to have better performance than traditional 
CNN systems. It could maintain the details obtained from CT 
images, while removing artifacts. A  lower complication rate 
and higher efficacy were noted in AFF using this AI algorithm.

ASSESSING CHANGES AFTER EYELID SURGERY

The changes in eyelids with ptosis and deep superior sulcus 
after levator muscle resection surgery were documented by 
Mawatari et al.[22] using ImageJ software. This AI software 
performed automated calculations of area under the eyelid 
sulcus (AES) from black and white clinical images of patients. 
A quantitative analysis of MRD and AES showed significant 
improvement after surgery at 3 monthly visits.

AI IN INTRAOCULAR AND PERIOCULAR 
CANCER

An AI-based eyelid tumor detection system (ETDS) was 
developed by Li et al.[23] for detection of eyelid malignancies. 
Faster region-based CNNs were utilized in this study. The 
ETDS system performed identification and cropping out of 
tumor area from clinical photographs of eyelids. The eyelid 
lesions were highlighted by the use of heatmaps and four 
AI algorithms were trained on the images. DenseNet121 
algorithm performed the best at distinguishing malignant 
from benign lesions. Interestingly, this study concluded that 
AI was more sensitive in diagnosing eyelid malignancies than 
junior as well as senior ophthalmologists and was comparable 
to oculoplastics experts. AI has also been used by researchers 
to identify retinoblastoma (RB) from fundus images. Extreme 
learning mechanism (ELM) is a fast-learning artificial neural 
network that was used by Jaya et al.[24] for detection of RB 
from fundus photographs. Green channel grayscaling and 

contrast sketching were performed to enhance image quality, 
followed by segmentation and feature extraction from fundus 
images. The ELM software was then applied to identify RB 
and normal fundus images. In this study, AI showed an 
accuracy of 92% at identification of RB cases. Kaliki et al.[25] 
developed an AI algorithm for detecting and grouping 
intraocular RB. Open CV technique and DL algorithms were 
used to extract features and identify RB as well as normal 
fundus photographs from Retcam imaging system. A  two-
step method was used to detect tumor seeds. The AI system 
was trained to identify the number of tumors, optic disk, 
tumor seeds, and size of tumor. A  sensitivity ranging from 
63% to 100% and specificity ranging from 91% to 100% was 
noted across the various groups of RB.

THYROID ORBITOPATHY

Orbital CT scan is a common imaging modality for studying 
orbital soft-tissue changes in thyroid associated orbitopathy 
(TAO). Song et al.[26] applied a 3D ResNet AI model on CT scan 
images for screening TAO patients. They used two datasets for 
training the AI model on 3D orbital CT scans and two datasets 
for evaluation of the model. AI achieved a sensitivity of 87.33% 
and specificity of 84% in detecting TAO from CT scan images, 
thus, proving to be a promising screening tool.

NAVIGATION GUIDANCE IN SURGERIES

The orbit, apart from the eyeball contains several vital 
structures in a compact bony space and thus, orbital 
surgeries can be extremely challenging. Intraoperative 
navigation is much like global positioning system tracking 
and helps in identification of landmarks, especially when 
the anatomy is distorted. CT, MRI, and magnetic resonance 
angiography scans can be loaded into the navigation system 
preoperatively to identify landmarks and target areas in 
complex orbital surgeries [Figure  3]. The intraoperative 

Figure 3: Application of real time navigation in orbit.



Bhattacharjee, et al.: Artificial intelligence in oculoplasty

Journal of Ophthalmic Research and Practice • Volume 1 • Issue 1 • January-June 2023 | 8 Journal of Ophthalmic Research and Practice • Volume 1 • Issue 1 • January-June 2023 | 9

anatomy can be correlated to pre-surgical scans and the 
target areas can be approached accurately with the help of 
navigation stylet, which provides real-time tracking to the 
surgeon. A  variety of orbital conditions can be managed 
effectively with navigation-guided surgery (NGS).[27] In post-
traumatic orbital reconstruction, virtual planning can be 
performed by “mirroring” the normal side onto the affected 
side for accurate reconstruction. Navigation guidance can 
help delineate orbital tumors and margins of resection, 
without unnecessary manipulation. In traumatic optic 
neuropathy cases, NGS is a useful aide during optic canal 
decompression for localizing the optic canal and removing 
the bony fragments impinging the optic nerve [Figure  4]. 
The use of NGS for recognizing exact bone landmarks during 
bone decompression in TAO cases has also been described.[28]

CONCLUSION

The future lies in understanding the intersection of 
technology with oculoplastics practice for improving 
patient care. Developing and refining AI is necessary to 
put oculoplastics surgeons at the vanguard of technological 
revolution. AI has a huge potential to become an important 
tool in the armamentarium of not only general practitioners 
but also specialists.
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