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ABSTRACT

This systematic review investigates the current methods and long-term results of maxillofacial surgery
orbital defect restoration with personalized implants. PRISMA standards were followed in order to
identify and analyze pertinent studies that focused on patient-specific implants (PSI) for orbital
abnormalities. This was accomplished by a thorough search of multiple databases. The findings
demonstrate how well PSI works to improve both functional and cosmetic outcomes, such as the
correction of facial asymmetries, enophthalmos, and diplopia. Surgical navigation and 3D printing are
examples of cutting-edge technology that have improved orbital defect reconstruction's precision and
versatility. While some research points to a trend toward better results when using PSI as opposed to
more conventional methods, additional long-term data is required to properly assess its effectiveness.
The analysis highlights the role that customized implants play in attaining the best possible outcomes
and urges more research to improve surgical methods and assess patient outcomes over long time
frames.

KEYWORDS: Orbital defect reconstruction, Customized implants, Patient-specific implants,
maxillofacial surgery, Long-term outcomes.
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Term orbital defects may refer to irregularities in the socket or cavity of the skull that houses the eye
and its limbs. This defect results in various problems including diplopia, enophthalmos, and asymmetric
facial features. They affect the eye and its appendages and can be congenital or acquired as a result of
trauma, infection, tumors, or other disorders. (1)

Congenital ocular defects are caused by abnormal ocular tissue development during intrauterine life
and exhibit multifactorial inheritance, meaning that chromosomal, environmental, genetic, and
teratogen variables can all play a role .Between 3.6 and 6.8 cases of defects caused by congenital cause
are reported for per 10,000 infants .Congenital glaucoma, coloboma, congenital cataract, and
anophthalmia/microphthalmia are the most common causes of defect .Early detection of diseases
relating to the eyes after birth allows for timely treatment and may have a significant influence.(?)

Tumors, congenital diseases, postsurgical abnormalities, and midfacial trauma can all jeopardize the
bony orbit, a complicated anatomic structure. For long-term prognosis, problem prevention, and
functional and cosmetic rehabilitation, accurate 3D reconstruction is essential. Volume measurements
and in vivo evaluations are crucial elements. Acquired orbital abnormalities can occur from the
traumatic injuries that van further lead to fractures of the orbital bones, infections that cause damage
to the orbital structure, or tumors that displace or invade the orbital bones. (3)

Orbital fractures constitute 4-50% of facial skull injuries in both adults and children. A fracture of the
orbital floor and/or medial wall with intact margins is referred to as a pure orbital blowout fracture.
These fractures can cause enophthalmos, which can result in functional and cosmetic issues. Due to
variations in the development of the paranasal sinus, bone elasticity, and facial and cerebral
components, orbital blowout fractures might appear differently. Soft tissue edema, enophthalmos, and
diplopia are among the symptoms. Adult blowout fractures frequently result in the herniation of
periocular tissues and the loss of bone structures. White-eyed fractures and abnormal eyeball motility
are frequent in children. Because of the location and symptoms, clinical teams frequently need to work
together Due to vision impairment, poor aesthetics, and a decline in their quality of life, people who
suffer from orbital fractures more frequently also experience psychological anguish. (45

The orbital complex has a major influence on daily activities, creative ideation, and self-worth. Orbital
volume and globe position can be impacted by even minute variations in orbital wall position. Because
this is a complex anatomical region with many muscles, blood arteries, and nerves, accurate
reconstruction is essential. The maxilla makes up the majority of the orbital floor, with the zygomatic
and palatine bones also contributing. The medial wall, which consists of the lamina papyracea, is rather
weak and easily shattered following acute orbital trauma. The infraorbital nerve goes through the
infraorbital canal.(6) Orbital defects which demands commonly reconstruction may consist of one or
more of the subsequent: Dysfunction of the eyes like diplopia, Globe malposition, such as enophthalmos,
hypertelorism, and dystopia, The globe's susceptibility to damage or infection, Insufficient safeguarding
of the central nervous system, communication from orbit to antral, Asymmetry in the face, dysfunction
of the nasal capillary duct (epiphora), pathology or malfunction of the front sinus.(”)

There has been a notable transition in orbital defect reconstruction from conventional techniques to
the utilization of personalized implants. Conventional methods frequently depended on the expertise
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of surgeons and manual procedures, which, although successful, had restrictions in terms of accuracy
and customization for the distinct anatomy of each patient. (8

Almost all clinical research publications and presentations on innovative procedures in orbital
reconstruction utilize combinations of several methods to emphasize advancements in technology and
improved surgical outcomes in terms of predictability and reliability. A comprehensive study project
was initiated in 2014 at the Amsterdam University Medical Centers in The Netherlands. The objective
of this project was to produce a human cadaver model specifically designed for the evaluation of orbital
restoration. This model was utilized sequentially to assess each individual technological advancement
in the orbital reconstruction process. ()

Conventional methods for orbital reconstruction often entail the use of polymeric implants, meshes, or
conventional titanium plates. Standard titanium plate usage requires pre- or intraoperative bending as
well as shape adjustment. It is still challenging to properly attach and position the implants inside the
orbit. A typical issue linked to incorrect pre-bent plate positioning is a lack of distal or medial support
brought on by damage to the orbital ledge and/or intra-orbital buttress. For orbital reconstruction to
be integrally successful, implant placement and size/shape conformance to the unique architecture of
the injured structures are critical. 10

Surgical navigation (SN) is recommended for more extensive midfacial bone injuries and various forms
of orbital wall fractures. A small incision with limited sight is usually used for the surgical operation,
and in many cases, direct visualization is not possible to establish the implant site. As a result, in this
specific surgical field, SN is a potential tool for enhancing surgical orientation and accuracy. (11.12) A
surgical probe, a localizer, and a computed tomography (CT) dataset are the three main parts of SN. By
reflecting infrared or electromagnetic signals to the localizer, the probe acts as a vehicle, similar to an
automobile global positioning system (GPS). One way to think of the localizer is as a "GPS satellite." The
tomography dataset that has been produced serves as a "road map”. First introduced in 1908, the idea
of SN was expanded upon for neurosurgery in the 1990s and is currently extensively used for a variety
of craniofacial surgeries. The most common indication for craniofacial surgery (72% of cases) is the use
of SN in post-traumatic orbital surgery, an application that was initially reported in 2002. (13)

Over the past three decades, the emergence of 3D technologies has had an impact on orbital fracture
therapy. One of the most significant advances is the use of patient-specific implants. Patient-specific
implants (PSIs) are known to yield reliable outcomes in orbital wall fracture reconstruction (high
precision, smoother operating techniques, and shorter surgical duration). These are suggested as a
replacement for traditional reconstructive plates to accomplish accurate and reliable reconstruction of
the intricate orbital architecture. Several studies have compared and assessed PSIs' effectiveness with
conventional methods for managing orbital fractures. They have also detailed the clinical application
and computer-aided design (CAD) algorithms Overall the CAD processes for orbital reconstruction
using PSIs consist of these steps: Obtaining the virtual orbital model with repaired walls than
Identifying the borders and form of the PSI; and then Generating the virtual model, which may be
utilized for additional manufacturing. For PSI design, then, segmentation of computed tomography (CT)
data is used to virtually restore the orbital walls. The integrity of the orbital walls, the formation of an
orbital shape that is true to the original or desired, and subsequent exact orbital reconstruction all
-
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depend heavily on the CT segmentation. Nevertheless, orbital walls are intricate structures that require
specific segmentation techniques due to their thin thickness, which could lead to misrepresentation on
a traditional CT scan. . (14 15) Because of the intricacy of the surgical procedures, it still presents a
technical challenge for orbital surgeons even with the recent advancements in the creation of new
implant materials and surgical technique. (16)

In difficult circumstances, patient-specific implants (PSI) provide precise repair and symptom relief.
They can be adjusted to the anatomy in order to correct or overcorrect the orbit's volume. In complex
secondary or late reconstructions, however, a PSI might avoid the need for further osteotomies or bone
grafts. Planning is necessary for positioning in order to maximize a PSI's potential. Intraoperative
placement can be affected by design decisions related to navigation implementation, drainage options,
implant support, edge design, and primary screw hole fixation. Presenting preoperative features, design
decisions, implant location, and postoperative clinical results of a cohort of patients treated with PSI for
secondary orbital reconstruction was the goal of the study. A customized orbital implant is a kind of
implant created with different materials and techniques for each patient. During surgery, it is cut and
sculpted using methods like 3D printing and hot water baths. The newest type of implants, referred to
as "patient-specific implants,” are made to order utilizing CT scans to remove any distinctions between
the abnormal and normal sides. From uneven bone or cartilage to homogeneous, flat materials like
porous polyethylene or titanium, ocular implants have come a long way. Flat implants, however, might
not be appropriate in circumstances where the orbital walls are depressed or have uneven forms. (17.18)

The intricate and complex 3D morphologies with restricted intraoperative vision and no conventional
implant fixation site make reconstructing complex orbital fractures involving numerous wall fractures
with posterior edge and inferior orbital rim abnormalities difficult. Because titanium mesh can be fixed
rigidly with screws, so it is the implant which is of choice in this scenario. Implant shape and fixation
point individualization was not feasible prior to the advent of 3D printing technology. Both free-hand
bending and prefabricated standard plates run the risk of being ill-fitting, which can cause visual
disruption and unsightly outcomes like enophthalmos and implant displacement. In light of this, it was
discovered that the patient-specific implant (PSI) model had a superior outcome and a lower revision
rate. (19)

Comprehensive preoperative planning of the orbital reconstruction is possible with two-stage
reconstructions. Prospective multicenter investigations have validated the accuracy of the technology
for anatomical reconstruction of the orbital volume using patient-specific CAD/CAM implants made of
laser-sintered titanium. (11)

The results of orbital reconstructions with personalized implants are now much more functional and
aesthetically pleasing thanks to developments in computer-assisted surgery. Due to its radiolucent
properties, stiffness, lightweight nature, and compatibility with traditional CAD/CAM techniques,
Polyetheretherketone (PEEK), a high-performance polymer with bone-like elasticity, excellent
biocompatibility, high yield strength, and fatigue resistance, has become more and more popular in
reconstructive surgeries. Custom-made, non-porous, milled PEEK implants have not been extensively
studied for use in orbital reconstructions. (20)
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In orbital wall reconstruction, the use of biodegradable implants, such as PCL and uHA/PLLA, has
demonstrated encouraging outcomes. Both kinds of implants have shown equal surgical outcomes and
complication rates, including as infection, inflammation, diplopia, and enophthalmos, despite the fact
that each material has distinct qualities and rates of degradation. Based on specific patient
characteristics and surgical preferences, surgeons can confidently select between PCL and uHA/PLLA
implants, knowing that both provide good orbital wall reconstruction choices. But further investigation
is required, especially long-term, randomized, prospective studies, to offer more thorough
understanding of the advantages and drawbacks of each kind of biodegradable implant. (21)

Aims & Objective

e To assess and evaluate personalized implants contribution in improved clinical outcomes after
the reconstruction of orbital abnormalities.

e To analyze the long-term performance of patient-specific implants in comparison to standard
implants in orbital defects reconstruction.

METHODOLOGY

Data Sources & Search Strategy

It is a critical method to choose the right researches to conduct a systematic review on title Orbital
Defect Reconstruction using Customized Implants: Current Techniques and Long-Term Outcomes in
Maxillofacial Surgery. This research is conducted by following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines in order to make sure that studies which
are relevant to our topic are thoroughly and systematically explored. The search approach combines
several phrases associated with our title including orbital defects, reconstruction, customized implants
and current techniques using Boolean logic. Many databases, including Elsevier, Scopus, Research Gate,
the National Library of Frontiers, PubMed Central (PMC), PubMed/MEDLINE, and Google Scholar, were
thoroughly searched. Medical Subject Headings (MeSH) were used to improve the accuracy of my
search. The search terms like "Orbital defects,” "Patient specific implants,” "long term cure," and
"Orbital facture" were used. Keywords utilized for this research are listed in Table 1. This methodical
technique guarantees that all pertinent variables are considered and permits an extensive examination
of the impacts of Orbital Defect Reconstruction with Customized Implants, the effectiveness of Current
Techniques, and Long-Term Results in Maxillofacial Surgery.

Table 1 (Keywords and MeSH phrases utilized in the systematic review)

CATEGORY KEYWORDS/MESH PHRASES
ORBITAL DEFECT "Orbital Fractures/surgery" OR "Orbital Bone Fractures/surgery" OR
RECONSTRUCTION “Orbital Abnormalities”
CUSTOMIZED "Patient-Specific Modeling" OR "Patient-Specific Implants”
IMPLANTS
CURRENT "Surgical Procedures, Operative" OR "Surgical Techniques" OR “Modern
TECHNIQUES Techniques”
LONG-TERM "Treatment Outcome" OR "Long-Term Care"
OUTCOMES
MAXILLOFACIAL "Maxillofacial Injuries/surgery” OR "Maxillofacial Surgery"
SURGERY
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Eligibility Criteria and Study Selection

The eligibility criteria were set in order to examine orbital defect restoration using the tailored
implants. Conditions for inclusion and exclusion were created in order to conduct the evaluation. Papers
concentrating on implant-based orbital defect reconstruction were considered for possible inclusion in
the literature. Included were the research articles published throughout the previous five years. In
order to ensure scientific accuracy and rigor, only studies that have been published in English were
included. Peer review-reviewed investigations were taken into consideration for admission. The
reviewers made a major contribution to the selection procedure. Studies that did not offer an in-depth
analysis of the subject topic or translations which were easily accessible were excluded using exclusion
criteria. This was carried out to ensure both language coherence and ease of use. Following these
guidelines preserved the study's methodological integrity and increased the precision and reliability of
the research's evaluation.

Data Collection and Data Items

To ensure uniformity and transparency, the research on reconstructing orbital abnormalities with
customized implants adhered to a strict protocol that included a rigorous selection procedure.
Reviewers were tasked with evaluating research proposals in order to accept or reject them during the
screening phase, using predetermined criteria. We carefully examined the qualifying papers and closely
examined the paper titles and abstracts, all while adhering to the PRISMA requirements.14 The PRISMA
flow diagram used to determine research is displayed in Figure 1. To guarantee accuracy and
dependability, we meticulously chose and planned the right clinical trials. Furthermore, a thorough
analysis of every search result was carried out in order to increase consistency and lower the possibility
of bias in the selection procedure.

Data Management

Efficient handling of data is crucial for research investigations to produce accurate and dependable
results. The information is kept safe on a Google Drive account. To ensure the security and privacy of
the material, the researchers stored and safeguarded their research, publications, and findings on their
own laptops. The investigators perform all tasks, including downloading and evaluating data, on their
own personal laptops. Additionally, cloud storage, USB drives, and CDs—all of which are often used for
managing information and storage—were used for data preservation and storage.

A thorough search of all relevant databases turned up six articles that could be included in this
systematic review. Figure 1. Showed the selection process in more detail. It shows that 170 articles
were first pulled from databases, and 15 articles were added from other sources. Extracting the
duplicates on the bases of title, authors, and abstract, there were 75 still papers left. Out of these,
duplicates papers and some that didn't explain their methods clearly or give correct data were removed
from review. After this process, 42 factors for eligibility were used, and articles were again thoroughly
reviewed and evaluated on this basis. In end, 20 publications were thrown out because of lot of factors,
such as using unclear analysis methods or data that was more than five years old.
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RESULTS

The research indicates that patient-specific implants, or PS], are useful instruments for reconstructing
intricate orbital abnormalities. In situations where traditional implants were insufficient, the study
enhanced functional and aesthetic outcomes by using high-density porous polyethylene or
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Polyetheretherketone (PEEK) implants customized for each patient. In particular, most patients had
resolution of their diplopia and enophthalmos, and in cases involving post-oncologic reconstruction,
there was an improvement in symmetry and functionality. Crucially, during the postoperative period,
no problems were noted. These results highlight how crucial it is to include PSI in the orbital defect
reconstruction methods currently used in maxillofacial surgery since they provide a tailored approach
to difficult cases and enhance long-term success. (17[t. explains the use of orbital wall fracture repair
using personalized implants unique to each patient (PSIs). The ability of these implants to enhance
results and prevent ocular problems has led to their increasing popularity.

This study assesses the efficacy of correcting post-traumatic ocular abnormalities and deformities with
patient-specific implants (PSI). According to the results, there were no surgical problems, functional
impairments were addressed in 65.2% of cases in less than a month, and 95.7% of cases had favorable
aesthetic results. According to the study, produced PSI using computer-aided design is a useful
technique for accurately restoring orbital anatomy. (22). It offers information about surgical techniques
for molding individualized ocular implants using three-dimensional printed templates. The research
investigates cutting-edge methods for reconstructing the orbital wall.

As aresult, and in keeping with the theme of our research article, "Orbital Defect Reconstruction using
Customized Implants: Current Techniques and Long-Term Outcomes in Maxillofacial Surgery," the
application of 3D printing technology for the surgical management of orbital floor fractures represents
a promising advancement in the field of maxillofacial surgery." As exemplified by the technique
described, this novel approach provides an accurate and effective way to repair orbital floors that have
cracked. Surgeons can build implants that are specifically fitted to each patient's anatomical needs by
using preoperative templates made from the unaffected orbit and computed tomography images. As
demonstrated in the case study, the absorbable plate fits the fracture site seamlessly, which not only
shortens the duration of the procedure but also improves postoperative results by encouraging
effective reduction and enhanced visual function. Although the results of this study are encouraging,
more research is necessary to evaluate the technique's long-term efficacy and cost-effectiveness in a
wider patient population. By incorporating these cutting-edge methods into our orbital defect
restoration study, we hope to further improve treatment plans and long-term results in maxillofacial
surgery. (23)

A study comparing patient-specific implants (PSI) and conventional methods in orbital reconstruction
in adult patients found a trend towards improved outcomes, including post-operative volume
reconstitution and reduced operative duration. However, the meta-analysis did not identify significant
differences in key outcomes between PSI and conventional implants, suggesting that while there is
encouraging data, there is currently insufficient evidence to objectively support their superiority over
conventional implants. (1)

The study evaluates Fused Filament Fabrication (FFF) 3D printed Polyetheretherketone (PEEK) orbital
mesh customized implants for orbital defect reconstruction. The research emphasizes the importance
of precise restoration of orbital form and volume to prevent functional and aesthetic impairment. The
study demonstrates the feasibility and effectiveness of customized implants in optimizing outcomes.
The circular patterned implant with 0.9 mm thickness is the most promising configuration. (24)

In the field of maxillofacial surgery, the retrospective review assessed the use of personalized implants

for orbital defect restoration. Nine patients with a variety of ages and orbital problems mainly from
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tumor resections or trauma had customized porous polyethylene implant surgery. Three-dimensional
surface models were created using computed tomography scans in order to precisely manufacture
implants that fit each patient's unique orbital structure.

Significant improvements were seen in diplopia, facial symmetry, extraocular motility, and globe
position after surgery. Remarkably, patients who had undergone unsuccessful surgeries before saw
improved results from the personalized implants. In the field of maxillofacial surgery, the study
emphasizes the effectiveness of customized surgical procedures in attaining better long-term results in
orbital defect restoration. (25

DISCUSSION

This systematic review on the title Orbital Defect Reconstruction using Customized Implants: Current
Techniques and Long-Term Outcomes in Maxillofacial Surgery has shown that indeed customized or
patient specific implants are indeed the best option in the reconstruction of any orbital defect or
malformation whether the defect is congenital or acquired. In keeping with the overarching concept of
our systematic research, this study conducted by Sanjeev offers insightful information about the
creation and assessment of personalized implants for orbital defect restoration. In discussing the
necessity of precisely restoring orbital volume and form, it emphasizes how crucial tailored implants
are to maxillofacial surgery. Furthermore, the results concerning the longevity and functionality of the
implants aid in comprehending their long-term consequences, which is crucial within the framework of
your study. (1)

The use of patient-specific implants (PSI) in orbital fracture restoration is crucial, according to our title
Comparing PSI reconstruction to traditional approaches, a retrospective review of patients treated
between 2022 and 2023 revealed that PSI reconstruction produced improved accuracy and reduced
error. The research also demonstrated PSI's adaptability and effectiveness in orbital defect restoration.
It also emphasized how important 3D analysis is for assessing reconstruction accuracy and spotting
potential problems. In order to guarantee successful orbital reconstruction treatments and better long-
term outcomes, the study recommends a broad adoption of these approaches. (©)

Within the framework of our research, study conducted by the Maarten Verbist highlights the possible
advantages of surgical navigation integration into orbital defect reconstruction processes. Surgical
navigation has the potential to improve long-term results for patients having maxillofacial surgery by
increasing accuracy and decreasing revision rates. (13)

This study conducted by Sunah Kang shows that in maxillofacial surgery, the use of 3D-printed,
personalized orbital implant templates is a major development in orbital defect reconstruction
methods. Due to errors in accurately matching the intricate three-dimensional structure of the orbit,
traditional procedures that rely on visual assessment and two-dimensional cutting of orbital implants
may produce less than ideal results. Implants that do not properly suit the anatomical characteristics of
the fracture site may result in complications like enophthalmos, diplopia, and implant displacement.
Surgeons can overcome these obstacles by using 3D-printed customized templates to create implants
that are specifically shaped and sized for each patient, matching the complex anatomy of the orbit. This
method improves orbital wall reconstruction's accuracy and precision, which eventually benefits
patients' long-term results. (26)

Limitation
|
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Certain constraints may undermine the validity and generalizability of the study. The absence of long-
term evidence on the results of orbital defect restoration with tailored implants is one of the main
drawbacks. Because most studies have very short follow-up periods, it might be difficult to evaluate
how long-lasting and sustainable the outcomes are. Standardization of surgical techniques and implant
materials is crucial for more insightful comparisons in orbital defect reconstruction research due to the
variation in procedures and materials used. The study's small sample sizes and selection bias may have
limited applicability, while positive results may be overestimated. Publication bias may also affect the
usefulness of specialized implants. Cost considerations, such as the affordability of customized
implants, should be considered in future research to ensure unbiased evaluation.

Future Recommendation

To assess the long-term results of orbital defect restoration utilizing tailored implants, more clinical
research is required. Enhancing preoperative planning and surgical outcomes is being investigated
through the use of advanced imaging techniques, biodegradable implants, and tailored surgical
navigation systems. Over protracted follow-up periods, comprehensive evaluations of patients’
functional and aesthetic outcomes—including visual acuity, ocular motility, diplopia, enophthalmos,
face symmetry, and patient satisfaction are also required.

Conclusion

The systematic review concludes that, the patient-specific implant (PSI) has significantly advanced and
improved the field of orbital defect reconstruction. This has been demonstrated by the systematic
evaluation and analysis of literature on Orbital Defect Reconstruction with Customized Implants in
Maxillofacial Surgery. After a thorough analysis of numerous researches, it has become clear that the
bestlong-term results are achieved when implants are specially made to fit each patient's unique orbital
architecture. PSI has shown increased accuracy, decreased error rates, and superior functional and
aesthetic outcomes in treating conditions like enophthalmos, diplopia, and facial asymmetry. Advanced
technology like 3D printing and surgical navigation has improved accuracy and adaptability in orbital
defect reconstruction. Customized implants offer long-term functional and cosmetic outcomes. As the
field develops, researchers and technological advancements will enhance surgical techniques,
benefiting patients with maxillofacial surgery for orbital anomalies.
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