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ABSTRACT

Aim of the study. This study explores the role of anthropometry in ophthalmology and orthodontics, focusing on
its applications in diagnosis, treatment planning, and facial aesthetics. By integrating 3D imaging and digital
analysis, we assess how anthropometric measurements enhance clinical decision-making in both fields. Materials
and methods. The selection focused on research investigating anthropometric techniques, multimodal imaging,
and their clinical impact in ophthalmology and orthodontics. Results. Findings indicate that 3D anthropometry
significantly improves diagnostic accuracy and treatment planning in both ophthalmology and orthodontics. In
ophthalmology, precise anthropometric measurements aid in periorbital surgery, ptosis correction, and orbital
reconstruction, ensuring symmetry and optimal functional restoration. Additionally, facial aging assessments
based on orbital and midface anthropometry enhance rejuvenation strategies and surgical planning. In
orthodontics, anthropometric analysis is essential for cephalometric evaluations, maxillofacial surgeries, and Al-
driven treatment simulations. Variability in facial and periorbital norms across populations impacts treatment
outcomes, emphasizing the need for personalized approaches. Conclusions. Anthropometry plays a crucial role
in ophthalmology and orthodontics, aiding in surgical precision, aesthetic evaluation, and treatment
customization. The adoption of advanced imaging and Al-driven analysis is set to revolutionize patient care,
enabling more individualized and effective interventions. Future research should focus on standardized
anthropometric databases for diverse populations to further enhance treatment protocols.
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INTRODUCTION surgery, craniofacial growth assessment,
Facial anthropometry has long been used to orthodontic treatment planning, and facial
assess proportions, diagnose conditions, and rejuvenation.
guide surgical and orthodontic interventions.
Historically, direct measurements, MATHERIALS AND METHODS
cephalometry, and two-dimensional (2D) To explore the role of anthropometry
photography ~ were  common  methods. in ophthalmology and orthodontics, a
However, with the advancement of 3D systematic literature review was conducted,
imaging  technologies,  anthropometric  focusing on its applications in diagnosis,
assessments have become more precise,  treatment planning, and facial aesthetics.
allowing for personalized treatment strategies Given the increasing integration of 3D
[1.2]. imaging, craniofacial measurements, and

This review aims to bridge the gap between
ophthalmology and orthodontics by exploring
their shared reliance on anthropometric data.
The discussion will cover the applications of
facial anthropometry in ocular and periorbital

artificial intelligence in healthcare, the study
aimed to assess the impact of these
advancements on clinical outcomes.

The research was based on an
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extensive search of four major academic
databases: PubMed, Scopus and Web of
Science Core Collection selecting studies
published between 2015 and 2025. The
primary focus was on literature examining
facial analysis, cephalometry, periorbital
surgery, and multimodal imaging, as well as
the growing role of Al-driven techniques in
improving diagnostic accuracy and treatment
precision.

The inclusion criteria were carefully
designed to ensure the relevance and reliability
of the selected studies. Only articles published
in peer-reviewed journals between 2015 and
2025 were considered, with a preference for
original research, systematic reviews, and
meta-analyses. Studies were required to focus
on human subjects and provide detailed
methodology  regarding  anthropometric
measurements and their applications in
ophthalmology and orthodontics. Conversely,
research involving animal models, in-vitro
studies, small sample sizes, or lacking clear
methodological frameworks was excluded.
Additionally, non-research articles, such as
conference abstracts, letters to the editor, and
opinion pieces, were not considered.

A structured screening process was
followed, beginning with an initial title and
abstract review, after which relevant full-text
articles were thoroughly assessed. Key aspects
extracted from each study included imaging

techniques, sample characteristics,
methodological approaches, and clinical
findings. The final analysis synthesized

findings from the selected studies, focusing on
how 3D anthropometry, cephalometric
evaluation, and  multimodal imaging
contribute to diagnostic precision, treatment
customization, and interdisciplinary
applications in ophthalmology  and
orthodontics. As a result of this analysis, a total
of 35 studies were included in the review,
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selected based on predefined criteria and their
relevance to ophthalmology and orthodontics
(Figure 1).

anthropometry
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Figure 1. A schematic representation of the
current study design

RESULTS AND DISCUSSIONS
Anthropometry in Ophthalmology
Orbital Measurements  and
Morphology

Anthropometric data play a crucial
role in ophthalmology, providing precise
measurements that aid in evaluating ocular and
periorbital structures. Parameters such as
intercanthal distance, palpebral fissure length,
and orbit width are fundamental for diagnosing
and managing various conditions, including
hypertelorism, microphthalmia, and ptosis.
These measurements not only assist in
identifying ~ congenital and  acquired
abnormalities but also guide surgical planning
and aesthetic assessments [3,4].

One of the most significant
applications of orbital anthropometry is in the
diagnosis of congenital anomalies, particularly

Ocular
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in syndromic conditions such as Apert
syndrome, where craniofacial abnormalities
often affect orbital positioning [5]. The ability
to detect these variations early allows for
better management and tailored surgical
interventions. Additionally, in reconstructive
surgery, anthropometric measurements enable
customized orbital implant design, ensuring
both  functional restoration and facial
symmetry following trauma or surgical
resections [6].

Beyond congenital and reconstructive
applications, aging-related periorbital changes
represent another critical aspect of orbital
anthropometry. As individuals age, soft tissue
and bony structures around the orbit undergo
modifications, influencing eyelid positioning,
brow descent, and periorbital hollowing.
These changes are particularly relevant in

oculoplastic procedures and facial
rejuvenation  treatments, where precise
measurements help achieve natural and

balanced aesthetic outcomes [7].

Thus, anthropometry serves as an
indispensable tool in ophthalmology, bridging
the gap between diagnosis, surgical precision,
and aesthetic enhancement, ultimately leading
to better patient outcomes and improved
functional and cosmetic results.

3D Imaging and Digital Anthropometry in
Ocular Surgery

The integration of 3D imaging
technologies such as facial scanning,
photogrammetry, and CBCT (cone-beam
computed tomography) has significantly
advanced ocular surgical planning, allowing
for greater precision, customization, and
improved patient ~ outcomes. These
technologies  enable  virtual  surgical
simulations, facilitating more accurate ptosis
correction procedures by mapping eyelid
dynamics and ensuring optimal symmetry and
function [8].

In addition to preoperative planning,
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3D digital modeling has revolutionized the
customization of orbital prosthetics, providing
surgeons with patient-specific designs that
improve both functional restoration and
aesthetic integration [9]. Furthermore, the
ability to perform detailed soft tissue analysis
post-surgery allows for enhanced monitoring
of healing processes and long-term outcomes,
ensuring that interventions achieve the desired
anatomical and cosmetic effects [10].

Facial Aging and Ocular Aesthetics

Beyond reconstructive applications,
facial anthropometry plays a crucial role in
aesthetic ophthalmology, helping to establish
objective measurements of periorbital beauty
and age-related changes. Studies have
demonstrated that brow positioning, canthal
tilt angles, and midface volume loss are key
factors in periocular rejuvenation, influencing
both surgical and non-surgical approaches for
facial enhancement [11,12].

These findings underscore the
importance  of  precise  anthropometric
evaluation in tailoring oculoplastic procedures
to maintain natural facial proportions and
youthful appearance.

Anthropometry in Orthodontics
Craniofacial ~Analysis for  Orthodontic
Treatment Planning

The success of orthodontic treatment is
closely tied to craniofacial anthropometry,
which provides essential guidelines for
diagnosis, treatment planning, and post-
treatment evaluation. Since facial proportions
and skeletal structures differ across
populations, establishing accurate
anthropometric norms is crucial for ensuring
functional and aesthetic outcomes in
orthodontic care [13].

One of the key applications of
craniofacial anthropometry in orthodontics is
cephalometric analysis, which helps identify
skeletal discrepancies and malocclusions,
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allowing clinicians to determine whether
orthodontic treatment alone is sufficient or if
surgical intervention is required [14].
Additionally, soft tissue measurements play a
vital role in defining facial balance and
harmony, influencing both treatment strategies
and patient expectations regarding facial
aesthetics [15].

Advancements in 3D anthropometry
have further transformed orthognathic surgical
planning,  enabling  orthodontists  and
maxillofacial surgeons to create detailed
virtual simulations of skeletal and soft tissue
changes before surgical procedures. The
integration of  Al-driven cephalometric
analysis and 3D facial superimposition
enhances the precision of treatment
predictions, reducing postoperative
discrepancies and improving long-term
stability [16].

By incorporating population-specific
cephalometric norms, advanced 3D imaging,
and Al-powered modeling, orthodontic
treatment planning is now more personalized,
accurate, and effective, ensuring both
functional corrections and facial harmony
tailored to each patient.

Advances in 3D  Anthropometry for
Orthodontic Diagnosis
3D photogrammetry provides a

comprehensive and realistic visualization of
craniofacial structures, allowing for precise
skeletal analysis, predictive modeling of soft
tissue response, and enhanced facial harmony
assessments. Studies have demonstrated that
3D cephalometric analysis enhances the
detection of transverse and vertical
discrepancies, improving orthodontic and
orthognathic surgical planning [17].

With 3D photogrammetry and Al-
driven cephalometric analysis, orthodontists
can now simulate soft tissue changes before
initiating treatment. This predictive capability
is particularly useful in cases involving
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maxillary or mandibular retraction, where
excessive flattening of the lips could lead to an
undesirable aesthetic outcome. By utilizing
advanced computational models, clinicians
can refine treatment plans to ensure functional
and aesthetic harmony post-treatment [18].
By using facial soft tissue landmarks
and Al-driven analysis, orthodontists can
predict how changes in dentoalveolar
positioning, skeletal adjustments, and occlusal
modifications will affect overall facial
symmetry and proportions. Studies indicate
that 3D anthropometry enhances the accuracy
of aesthetic evaluations, helping clinicians
tailor orthodontic interventions to improve
facial balance while maintaining function [19].

The Role
Rejuvenation

Aging is accompanied by significant
craniofacial structural changes, including
midface volume loss, maxillary retrusion, and
occlusal plane alterations, all of which
contribute to a more aged appearance [20,21].

One of the most noticeable signs of
aging is the loss of lip support, leading to a
flattened perioral region and an increased
display of the lower teeth at rest. This occurs
due to the gradual downward movement of the
maxillary and mandibular dentition, along
with changes in soft tissue elasticity.By using
intrusion  mechanics, orthodontists can
vertically reposition the anterior dentition,
thereby improving lip support and perioral
aesthetics. Studies have demonstrated that
intrusion of upper incisors in aging patients
enhances the vermilion display, restores ideal
lip contours, and improves facial proportion
[22,23].

The deepening of nasolabial folds is a
hallmark of aging, caused by sagging midface
tissues and the loss of skeletal support.
Traditional approaches to softening nasolabial
folds involve dermal fillers or facelift
procedures, but skeletal anchorage devices

of Orthodontics in Facial
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(TADs - Temporary Anchorage Devices) offer
a minimally invasive orthodontic alternative.
By using skeletal anchorage to retract and
reposition the dentition, orthodontists can
achieve a lifting effect on the perioral soft
tissues, resulting in a subtle but effective
reduction in nasolabial fold prominence.
Studies indicate that TADs can improve
midface aesthetics by restoring vertical height
and counteracting maxillary retrusion [24,25].

In cases where severe maxillary
retrusion, occlusal plane tilting, or significant
midface deficiency contribute to an aged facial
profile, a combination of orthodontics and
orthognathic surgery is often required.
Orthodontic decompensation followed by
surgical advancement of the maxilla can
restore facial balance, increase soft tissue
support, and rejuvenate the midface region.
Patients who undergo maxillary advancement
procedures often experience a more youthful
facial profile, improved upper lip support, and
a reduction in the appearance of perioral
wrinkles. Studies confirm that orthodontic
preparation before surgery enhances long-term
stability and post-operative aesthetic outcomes
[26,27].

Interdisciplinary ~ Approach:  Bridging
Ophthalmology and Orthodontics
The collaboration between

ophthalmology and orthodontics plays a
crucial role in procedures requiring precise
facial symmetry and soft tissue analysis. While
orthodontics primarily focuses on craniofacial
structure, occlusion, and dental alignment,
ophthalmology contributes to periorbital
aesthetics, orbital function, and soft tissue
harmony. The integration of these fields is

especially  significant  in syndromic
craniofacial conditions, trauma rehabilitation,
and aesthetic enhancement, where a

multidisciplinary approach ensures optimal
functional and aesthetic outcomes [28,29].
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Craniofacial Syndromes

Craniofacial syndromes, such as
Crouzon syndrome, present complex skeletal
and soft tissue anomalies that require
coordinated care between ophthalmologists,
orthodontists, and maxillofacial surgeons.
Crouzon syndrome is characterized by
premature  fusion of cranial sutures
(craniosynostosis),  midface  hypoplasia,
exophthalmos (bulging eyes), and dental
malocclusions. Orthodontic treatment in these
cases focuses on maxillary expansion, occlusal
alignment, and preparing patients for
orthognathic surgery, while ophthalmologists
address proptosis, eyelid malposition, and
orbital decompression if necessary. The
integration of 3D imaging and Al-driven facial
analysis enables specialists to plan holistic
treatment strategies that improve both function
and aesthetics [30-32].

Trauma Rehabilitation: Post-Injury
Reconstruction of Dental and Orbital
Structures

Facial trauma, particularly injuries
involving the orbit and dentition, requires a

comprehensive rehabilitation strategy
involving both ophthalmology  and
orthodontics. Orbital fractures, maxillary

fractures, and dental trauma can lead to
functional  impairments  (vision issues,
malocclusion) and aesthetic disfigurement.
Orthodontists play a critical role in realigning
displaced dentition, stabilizing occlusion, and
preparing patients for surgical intervention,
while  ophthalmologists  assess  orbital
fractures, ocular motility disturbances, and
periorbital soft tissue damage. Advances in 3D
facial reconstruction, CBCT scanning, and
computer-assisted surgical planning allow for
precise post-traumatic corrections, ensuring
both ocular function and dental stability [33-
35].

Facial Aesthetic Enhancement: Combining
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Orthodontics with Blepharoplasty for Holistic
Facial Balance

With the increasing emphasis on facial
aesthetics, orthodontic treatment is frequently
integrated with oculoplastic procedures such
as blepharoplasty (eyelid surgery), ptosis
correction, and periorbital rejuvenation. While
orthodontic interventions reshape facial
proportions through dental and skeletal
alignment, ophthalmologic procedures refine
eyelid contour, periorbital volume, and overall
facial expression [36].

Studies show that patients who
undergo both orthodontic treatment and eyelid
surgery achieve more balanced facial
aesthetics, improved soft tissue harmony, and
a youthful appearance. Orthodontic maxillary
advancement or dental decompensation can
enhance midface projection, complementing
upper eyelid lifting and lower lid tightening
procedures. Al-driven simulations now allow
practitioners to predict the impact of combined
treatments, offering customized facial
aesthetic plans [37-38].

The integration of ophthalmology and
orthodontics is essential in cases requiring
comprehensive facial analysis and treatment.
Whether addressing congenital craniofacial
syndromes, post-traumatic deformities, or
elective aesthetic procedures, a collaborative
approach ensures functional optimization and
superior aesthetic outcomes. The use of 3D
imaging,  Al-driven  simulations, and
interdisciplinary treatment planning continues
to refine the synergy between these two
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