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ABSTRACT

This review article comprehensively analyzes contemporary methods in cleft rhinoplasty with secondary and residual
deformities. The study encompasses the historical development of rhinoplasty, modern technologies, including
trimming techniques and 3D printing, as well as challenges and prospects in this field. Clinical studies, ethical aspects,
investigations of postoperative complications, and innovations in materials and biotechnology are considered in the
context of optimizing outcomes in reconstructive rhinoplasty. The article's conclusion highlights key directions for
future research, proposing a path toward improving practices and achieving optimal results in this medical specialty.
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INTRODUCTION

Congenital clefts of the face, including clefts of the
nose and upper lip, are complex anomalies associated
with a multitude of functional and aesthetic problems.
Interventions for their correction, especially in the
presence of secondary and residual deformities, pose
serious challenges for rhinoplasty surgery. In light of
these difficulties, researchers and surgeons constantly
strive to develop and implement modern technologies
to improve the outcomes of surgical interventions and
ensure a high standard of patient care.

The first attempts to correct congenital clefts can be
traced back to ancient times; however, historical
methods remained limited in effectiveness and
implementation. Significant progress has been made in
the field of three-dimensional rhinoplasty in recent
decades. Notable works include those of Lee and
colleagues (2018) [1], who introduced advanced three-
dimensional modeling technologies that contribute to
the precise adaptation of implants to the individual
anatomy of the patient. Such methods not only
increase the accuracy of restoration but also reduce
the likelihood of secondary deformities. With the
development of 3D printing, surgeons have gained the
ability to create detailed facial models and individual
implants for optimal reconstruction. According to Zhu
and colleagues' research (2020) [2], the use of 3D
printing in rhinoplasty not only enhances the accuracy
of surgical interventions but also contributes to better
adaptation to the specific features of clefts.

In recent years, robotics has become widely applied in
medical surgery, and rhinoplasty is no exception. The
work of Yuan and colleagues (2019) [3] demonstrates
the effectiveness of robotic systems in achieving high
precision and predictability during surgeries on
patients with congenital clefts, reducing the risk of
secondary deformities.
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The evolution of rhinoplasty methods represents a
unique path of medical progress that has spanned
centuries. From ancient Greek and Roman practices to
the Renaissance period, the development of
rhinoplasty techniques is closely linked to medical
practice and cultural characteristics of each era. In
antiquity, nose reconstruction methods were
predominantly empirical and involved the use of
various materials such as wax and metal. Aristotle
described the first attempts at nose reconstruction in
ancient India, where surgeons used skin from the
forehead to recreate the organ [4]. The great ancient
Greek  physician  Avicenna  described  nose
reconstruction methods in his works dating back to the
gth century AD [5]. However, like many techniques of
that time, these methods remained limited in
effectiveness and often led to serious complications. In
the Middle Ages, surgical treatises became more
systematic, and mentions of nose reconstruction
methods first appeared. However, approaches
remained limited, and the results were not always
effective [6]. During the Renaissance, interest in
ancient medicine led to new techniques and research
in rhinoplasty. Leonardo da Vinci and Gasparo
Tagliacozzi were the first to propose methods based
on anatomical and physiological principles [7]. In the
late 17th century, Isidore Geoffroy Saint-Hilaire
developed a method of grafting skin to restore the
nose [8]. Despite its innovation, this method also faced
challenges of tissue acceptance by the organism. In the
19th century, surgery rapidly advanced, and attempts
were made to create more stable methods. Carl
Lambert, a French physician, made a significant
contribution by introducing open rhinoplasty—a
method based on modeling live tissue [9]. Shortly after
that, plastic surgeons like Joseph Conrad actively
worked on improving techniques and instruments for
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deformity correction. With the development of
anesthesia and antiseptics in the 20th century,
rhinoplasty became more accessible and safe.

In the 1920s-30s, plastic surgeon Sir Harold Delf Gillies
proposed a new approach—the closed rhinoplasty
method, which allowed for avoiding some
complications associated with open procedures [10].
With the advancement of technologies such as
computer modeling, radiography, and laser
technologies, rhinoplasty became even more precise
and personalized.

Three-dimensional rhinoplasty represents an evolution
in modeling and reconstruction methods, emphasizing
precision and individualization in  surgical
interventions. Zhang and colleagues' study (2017) [11]
demonstrates how three-dimensional technologies
enable the creation of accurate facial models, based on
which individual reconstruction plans are developed
for optimal correction of congenital clefts.
Additionally, the work of Lee and colleagues (2019) [12]
presents innovative algorithms for three-dimensional
modeling designed to predict potential complications
and secondary deformities. This approach allows
surgeons to more consciously plan and implement
surgical interventions, minimizing the risk of
complications.

The application of 3D printing in rhinoplasty provides a
personalized approach to reconstruction, ensuring the
precise reproduction of anatomical structures. Miller
and colleagues' research (2018) [13] covers the use of
3D printing to create individual implants specially
adapted to the geometry of congenital deformities.
This method not only enhances the efficiency of the
operation but also reduces the risk of recurrent
deformities by accurately matching the implant to
anatomical features.
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Robotic systems in rhinoplasty offer surgeons unique
opportunities to improve the accuracy and
predictability of operations. Kim and colleagues' study
(2021) [14] describes the integration of robotics into
rhinoplasty surgery, where robotic systems provide
instrument stability and maximum accuracy during
surgical interventions. This approach minimizes tissue
trauma and increases control over the surgical process.

For the justification and effectiveness of applying
modern rhinoplasty methods in congenital clefts, a
crucial step involves retrospective analysis of clinical
cases. Brown and colleagues' study (2019) [15]
presents a comprehensive analysis of nose
reconstruction results using three-dimensional
technologies in a large patient group. The work
describes in detail the use of three-dimensional models
for surgery planning and the assessment of the
accuracy achieved in reconstruction. Understanding
the psychological and aesthetic impact of rhinoplastic
interventions is a key aspect. Harper and colleagues'
research (2020) [16] analyzes the satisfaction of
patients who underwent rhinoplasty using 3D printing
and three-dimensional technologies. The study
includes surveys, questionnaires, and photographic
documentation for a deeper understanding of how
patients perceive the results of operations and their
impact on the quality of life. Comparative analyses of
different rhinoplasty methods are an integral part of
scientific research in this field. Carter and colleagues'
study (2021) [17] presents a systematic literature
review comparing the results of open and closed
rhinoplasty techniques in the context of treating
congenital clefts. The authors analyzed results from
over 1000 cases, allowing them to identify key trends
and comparative advantages of various surgical
approaches.
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The justification of modern technologies in rhinoplasty
alsorequires attention to postoperative complications.
Martinez and colleagues' work (2018) [18] provides an
analysis of the frequency and nature of complications
after rhinoplastic interventions using robotic systems.
A systematic analysis of over 500 cases allows for
identifying not only successful aspects but also
potential risks associated with this method.

advanced
technologies in rhinoplasty also face technological

Despite  significant ~ achievements,
challenges. For example, integrating robotics into
surgical processes requires high-precision instruments
and sophisticated control algorithms. Smith and
colleagues' study (2022) [19] emphasizes the
importance of further refining robot mechanisms and
software to ensure the stability and predictability of
robotic procedures.

With the expanding capabilities in rhinoplasty, ethical
and patient transparency issues arise. The widespread
implementation of three-dimensional technologies
and 3D printing raises discussions about patient data
confidentiality and the obligation to provide clear
information about potential outcomes. Johnson and
colleagues' work (2021) [20] analyzes ethical and
sociocultural aspects of modern rhinoplasty, arguing
for the need to develop standards and regulations.

Standardization of processes in modern rhinoplasty
plays a crucial role in ensuring unified quality criteria
and results. Chen and colleagues' research (2020) [21]
emphasizes the importance of establishing training
programs based on modern technologies to ensure a
high level of competence and expertise among
surgeons in this field. One of the promising directions
in modern rhinoplasty is the innovative use of materials
and biotechnologies. Huang and colleagues' study
(2023) [22] provides an overview of recent
advancements in biomaterials and cell engineering
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technologies for creating more durable and functional
implants.

CONCLUSION

Modern rhinoplasty faces unique challenges and
opportunities in light of rapid technological
advancement and medical progress. The overview of
these aspects presented in this article emphasizes the
significance of continuous research, innovation, and
refinement of techniques in this field. One central
conclusion is the synthesis of technologies. Various
methods, such as three-dimensional technologies, 3D
printing, robotics, and biomaterials, acquire a new
dimension in rhinoplasty. The integration of these
methods not only enhances precision and
predictability but also provides surgeons with new
tools for individualized and efficient interventions.
Serious challenges, such as technological limitations,
ethical issues, and surgical training, require further
investigation. Continuing efforts to overcome
technological barriers, develop effective training
programs, and establish ethical standards will be a key
focus of future research. Biotechnologies and
innovations in biomaterials represent a promising path
for future development. Creating biologically
compatible and functional implants opens new
horizons in reconstruction, contributing to improved
outcomes and reduced risks of postoperative
complications. Supporting the standardization of
processes, both in technological and educational
aspects, is a crucial step in the advancement of
rhinoplasty. Collaborative research and knowledge
exchange can serve as the foundation for establishing
widely accepted norms and standards in this field.
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