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ABSTRACT

Three-dimensional nasal reconstruction poses significant challenges, especially in cases involving total nasal defects accompanied by adjacent
tissue loss. The complex anatomy of the nose, crucial to both aesthetics and function, complicates achieving successful outcomes. Autologous
reconstruction using free flaps, such as the radial artery forearm flap (RAFF), often becomes necessary due to the scarcity of local tissue. How-
ever, conventional RAFF techniques may not adequately address extensive defects and complex anatomical disruptions. This study details the
treatment of a 27-year-old patient with a total nasal defect from childhood mucormycosis using a novel tubularized RAFF technique, a method
not previously documented in the literature. This technique was developed specifically to tackle the multifaceted challenges presented by
significant nasal and adjacent structural damage. The reconstruction process was meticulously planned and executed in four distinct phases,
each focusing on specific defect aspects to ensure a comprehensive approach. The method involved constructing stable nasal passages with
skin-lined tubes, supported by temporary splints to prevent collapse, and reinforcing the nasal framework with costal cartilage to ensure
structural stability. Postoperative assessments confirmed the successful integration of the radius bone into the central maxilla without any
flap-related complications. The successful outcome of this case illustrates the potential of the tubularized RAFF technique to offer effective

solutions for managing total nasal defects with adjacent structural deficiencies.

INTRODUCTION

Nasal defects significantly affect the physical health, social interactions,
and psychological well-being of patients [1]. Arising from various causes,
including trauma, infections, inflammatory diseases, exposure to toxins,
and neoplasms [2], these defects necessitate effective treatment to en-
hance the quality of life. The nose plays a crucial role in facial aesthetics,
influencing appearance and self-esteem, and is indispensable for es-
sential functions such as breathing and olfaction [3]. Addressing these
defects is vital for restoring both the appearance and the essential func-
tions of the nose, thereby improving the overall health and emotional
well-being of patients.

Nevertheless, achieving both aesthetically pleasing and functionally
effective reconstruction in cases of complete nasal defects presents con-
siderable challenges. These challenges primarily arise from the unique
characteristics of nasal skin, such as its texture, thickness, and elasticity,
which add significant complexity to the reconstruction process. Addi-
tionally, the intricate anatomy of the nose and its pivotal role in facial
symmetry further complicate surgical efforts. Addressing these com-
plexities requires meticulous planning, detailed preoperative assess-
ments, customized surgical strategies, and precise execution. The use
of appropriate cartilage grafts is crucial in overcoming these challenges.
These grafts provide the necessary support to the reconstructed nasal
structure, ensuring both stability and functionality. This approach is key
to achieving successful surgical outcomes.

Among the various flaps used in nasal reconstruction, the radial
artery forearm flap (RAFF) is commonly used. This procedure involves
harvesting tissue from the forearm and folding it to reconstruct multi-
ple nasal components, including the nasal lining and external structure
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[4]. However, in cases of extensive circumferential loss of nasal lining
and apertures, traditional RAFF applications may be insufficient, as they
might not provide adequate coverage or structural integrity, potentially
resulting in suboptimal reconstruction outcomes.

To address the limitations inherent in conventional RAFF techniques
for treating complex nasal defects, the authors have developed an inno-
vative approach. This method involves tubularizing the RAFF to facilitate
comprehensive nasal reconstruction, particularly in cases following se-
vere infections. In this study, the technique was applied to a 27-year-old
patient with a total nasal defect caused by a childhood infection, resulting
in significant improvements in both functional and aesthetic outcomes.
The findings provide valuable insights into advanced surgical strategies,
highlighting the potential of the tubularized RAFF to refine and enhance
current reconstructive practices through more tailored approaches.

CASE PRESENTATION

A 27-year-old man presented with a complex nasal defect, stemming
from mucormycosis contracted in childhood. With no other significant
medical history, he faced numerous barriers to receiving reconstructive
surgery, leading to profound social discomfort over the years. Conse-
quently, he often wore masks to avoid social encounters. Although he
did not experience breathing difficulties, he reported frequent episodes
of throat dryness, a symptom likely linked to his altered nasal anatomy
and disrupted airflow dynamics.

A comprehensive examination revealed a complete loss of the na-
sal lining, structural support, and external cover. The anterior palate, in-
corporating four incisors, was severely damaged and displaced into the
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Table 1. Chronological Outline of Staged Nasal Reconstruction Procedures

Reconstruction of the nasal lining, coupled with upper lip support, using an osteocutaneous RAFF. This

foundational stage established the structural and functional basis for subsequent reconstructive ef-

forts, ensuring proper integration with the adjacent facial structures.

Nasal passages were meticulously crafted through the tubularization of the RAFF. Concurrently, carti-

laginous support was introduced, and the nasal framework was enveloped with a paramedian forehead

flap. This stage was pivotal in reestablishing the nasal airways and providing robust structural support.

Minor contour corrections were undertaken to enhance the nasal symmetry and aesthetic outcome.

These refinements were essential for achieving a more natural and harmonious facial appearance.

The pedicle of the forehead flap was carefully divided and inset, marking the final stage of the nasal re-

Stage Reconstruction focus Time interval (weeks) Description
1 Lining reconstruction 0
Nasal passage, support,
2 p: 2 pp 24
and cover
3 Contour corrections 27
4 Pedicle division 33

construction. This critical step ensured the complete integration and stabilization of the reconstructed

tissues, culminating in the comprehensive restoration of the nasal structure.

Abbreviation: RAFF, radial artery forearm flap.

nasal cavity (Figure 1A). Externally, the nasal airway displayed significant
alterations, characterized by a solitary opening at the level of the nasal
bones. Despite these extensive external distortions, both computed to-
mography scans and nasal endoscopy affirmed that the internal nasal
anatomy was intact and preserved.

Additionally, the patient had a vestibulo-nasal fistula, an abnormal
connection between the nasal cavity and the oral vestibule. Extensive
scarring extended from the nasal region to the upper lip, leading to a
lack of alveolar support crucial for tooth stability. Consequently, this re-
sulted in a retruded mid-facial profile, marked by the backward displace-
ment of the mid-face area.

Extensive scarring and severe defects had profoundly altered the
facial structure and appearance of the patient. To effectively address
these multifaceted challenges, a meticulously planned and detailed re-
constructive strategy was essential. Consequently, the tubularized RAFF
technique was applied. This approach focused on restoring aesthetic ap-
peal and reinstating functional capabilities, ensuring optimal outcomes
for the patient.

SURGICAL TECHNIQUE

The nasal reconstruction was meticulously organized into four distinct
stages, each tailored to address specific aspects of the complex defect
(Table 1). The initial planning stage involved precise design and custom-
ization, aimed at achieving both functional and aesthetic outcomes.
Nasal lining and external cover were methodically planned using tem-
plates, which were applied over a cartilaginous framework to replicate
the nasal structure (Figure 1B). This framework provided essential sup-
port and shape, ensuring the final outcome was stable and aesthetically
appealing. Detailed descriptions of the techniques and strategies used
at each stage are provided in the subsequent sections.

Stage 1: Lining Reconstruction

Under anesthesia, all scar tissue was meticulously excised to prepare
for the reconstruction (Figure 2A). The septum was found to be absent,
resulting in the nasal cavity being a single passage. An osteo-fasciocuta-
neous RAFF was harvested (Figure 2B). The cephalic vein was included in
the flap to ensure adequate vascular supply.

The harvested flap was utilized in two distinct ways: the lateral 2 cm
of the flap was used to create the palatal mucosa covering the radius
bone, and the medial part of the flap was used to form the nasal lining.
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Additionally, a 0.5 cm strip of the flap was de-epithelialized to form the
superior gingivobuccal sulcus. The pedicle of the flap was tunneled sub-
cutaneously, and the vessels were anastomosed to the facial artery, fa-
cial vein, and a tributary of the internal jugular vein in the left subman-
dibular region.

An opening was made in the flap at the nasal passage to facilitate
breathing (Figure 2C), and a nasal stent was placed to maintain this
opening. The procedure was completed without any flap-related com-
plications. The donor site on the forearm was grafted and splinted for
three weeks to ensure proper healing.

Stage 2: Nasal Passage, Support, and Cover

Six months subsequent to the initial procedure, the second stage of na-
sal reconstruction was initiated. This phase involved the strategic place-
ment of two 18 French catheters through the opening of the nasal cavity,
serving as stents for the nascent nasal passages. To accommodate these
structures, the flap was incised to a partial thickness (Figure 3A).

The skin, along with underlying subcutaneous tissue, was meticu-
lously shaped around these catheters, effectively forming two distinct
nasal channels. These were lined with RAFF epithelium to ensure an ef-
fective lining (Figures 3B, 4A).

Following this, a framework of costal cartilage was sculpted, provid-
ing essential structural support for the nose (Figure 4B). This framework
was precisely engineered based on standard nasofrontal and nasolabi-
al angle measurements obtained from cephalograms, with templates
guiding the meticulous carving and placement of the cartilage. A para-
median forehead flap was fashioned and applied to the nasal structure
(Figure 4B). This flap contributed an extra layer of integration, blending
the newly formed nasal passages with adjacent facial features (Figure
4Q).

To maintain the patency and functionality of these passages
throughout the healing period, customized silicone nasal splints were
utilized for three months. These devices were crucial in preventing the
collapse of the structural channels, thus preserving airflow and ensur-
ing the integrity of the surgical enhancements. The deployment of these
splints was pivotal in achieving outcomes that were both aesthetically
pleasing and functionally robust.

Stage 3: Contour Corrections

Three weeks following the forehead flap procedure, minor contour
corrections were implemented to refine the nasal shape and enhance
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Figure 1. Preoperative nasal defect and reconstructive strategy. (A) Clinical photograph depicting a severe total nasal defect resulting from child-
hood mucormycosis, characterized by an extensive loss of nasal tissue, including the lining, structural support, and external coverage. The anteri-
or palate, including four incisors, is severely damaged and displaced into the nasal cavity, further exacerbating the facial deformity. (B) Schematic
diagram illustrating the planned reconstructive approach, showing the framework for nasal reconstruction with meticulously designed skin cover

and lining, arranged around the essential structural components.

symmetry. These adjustments entailed precise reshaping of the nasal
framework, aimed at producing a more natural and aesthetically pleas-
ing appearance. The corrections specifically targeted irregularities and
asymmetries that had emerged post-initial reconstruction, meticulously
refining the nasal contour to better align with the facial features.

This stage proved critical in achieving a final result that success-
fully restored both functional and aesthetic qualities. Through diligent
modifications to the nasal framework, the surgical team ensured that
the reconstruction met the requisite functional and aesthetic standards,
markedly enhancing patient satisfaction with the outcome.

Stage 4: Pedicle Division

Six weeks following minor contour corrections, the pedicle of the fore-
head flap was divided and set into its final position. This critical proce-
dure involved meticulously detaching the flap from the donor site and
securing it precisely to form the desired nasal structure. To ensure the
newly formed nasal passages remained open and functional, nasal
splints were maintained for an additional three months, safeguarding
against any potential collapse or obstruction during the crucial healing
phase. This stage was essential for the stabilization and final integration
of the reconstructed nasal tissues, pivotal in concluding the reconstruc-
tion process effectively.

SURGICAL OUTCOMES

Figure 5A presents the frontal view of the patient six months post-op-
eratively, following the completion of all stages of nasal reconstruction
utilizing the tubularized RAFF technique. By this phase, the forehead flap
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pedicle had been divided and inset, reflecting a fully healed and substan-
tially restored nasal structure. The nasal passages remained patent with-
out any signs of collapse, contributing to a symmetrical and aesthetically
pleasing nasal contour.

Six weeks post the final stage of nasal reconstruction using the tu-
bularized RAFF technique, nasal endoscopy assessed the patency and
function of the nasal passages. A follow-up at two years, documented
in Video 1, confirmed their sustained openness and functionality, high-
lighting the enduring success of the surgical intervention. Further visual
evidence from this assessment is provided in Video 1, available at https://
doi.org/10.24983/scitemed.imj.2024.00189.

A three-dimensional reconstructed computed tomography scan
of the skull, conducted six months after surgery, confirmed successful
bone healing and integration in the central maxilla (Figure 5B). The scan
revealed that the radius bone was well-integrated with adjacent bone
structures, showcasing stable and effective integration. This effective
integration is pivotal for the long-term functionality and stability of the
nasal architecture.

DISCUSSION

Efficacy of Tubularized RAFF Technique

The study focuses on a 27-year-old man who underwent a four-stage
nasal reconstruction using the tubularized RAFF technique to address
a total nasal defect. Postoperative evaluations confirmed that the na-
sal passages remained open and that bone grafts integrated seamlessly
without any flap-related complications. These outcomes significantly im-
proved both functional and aesthetic aspects of the nose, substantially
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Figure 2. Intraoperative views during the first stage of nasal reconstruction using a tubularized radial artery forearm flap (RAFF). (A) View immediately following the excision of scar
tissue, displaying the exposed nasal cavity prepared for RAFF placement. The nasal cavity appears as a single passage due to the absence of the septum. (B) Diagram showing the
design and markings on the forearm for the osteo-fasciocutaneous RAFF, emphasizing the inclusion of the cephalic vein to ensure adequate vascular supply. (C) Postoperative view
following the first stage of reconstruction, showing the correctly positioned RAFF with completed anastomoses to the facial artery, facial vein, and a tributary of the internal jugular

vein. An opening for breathing was created to maintain the patency of the nasal passage.

enhancing the patient’s quality of life.

This research provides robust evidence supporting the efficacy of
the tubularized RAFF technique in managing complex nasal reconstruc-
tions. It demonstrates the technique’s ability to effectively tackle both
functional and aesthetic challenges in severe cases, highlighting its value
in facial reconstructive surgery.

Strategies for Free Flap Selection

Successful reconstruction of the nose, a complex three-dimensional
structure, necessitates a profound understanding of its anatomy. Func-
tional and aesthetically pleasing outcomes in nasal reconstruction pres-
ent significant challenges, particularly in cases of total nasal defects. The
complexity of these procedures is further exacerbated by the loss of ad-
jacent tissue, complicating the restoration process.

In cases involving nasal defects accompanied by the loss of adja-
cent tissue, autologous reconstruction using free flaps often becomes
the only viable option due to the scarcity of local tissue options. Vari-
ous free flaps, such as the RAFF, temporoparietal flap, and anterolateral
thigh flap, are commonly used in these intricate reconstructions. Other
options, including dorsal metacarpal flaps, osteocutaneous femur flaps,
posterior auricular flaps, and fascial flaps, may also be employed based
on the specific demands of each case [5].

For subtotal or complete nasal defects, prefabricated scalping and
forehead flaps have been valuable, providing additional versatility and
support for reconstructive efforts [6]. These techniques facilitate the
comprehensive restoration of both form and function, effectively ad-
dressing the multifaceted challenges inherent in three-dimensional na-
sal reconstruction.

RAFF Techniques for Nasal Reconstruction

The RAFF is a versatile option for reconstructing the entire nose, appli-
cable either in a single-stage procedure or through a multi-staged ap-
proach where a forehead flap serves as the external cover. For extensive
nasal defects, the traditional technique involves folding the RAFF in two
planes to reconstruct the nasal vault, columella, floor, and external cov-
er, thereby enabling a thorough reconstruction of the nasal structure.

In the initial stage, the strategic placement of a primary dorsal car-
tilage graft between the folded layers of the RAFF enhances both the
structural support and the anatomical form of the nasal framework, as
detailed in previous studies [7]. When addressing adjacent tissue defects,
local flaps or de-epithelialized sections of the same flap are utilized, tai-
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lored to address these specific challenges and ensure a reconstruction
that harmonizes functionality with aesthetic appeal [4].

In nasal reconstruction, the RAFF is recognized for effectively blend-
ing essential structural and aesthetic elements. This technique ensures
that the reconstructed nasal framework is both durable and visually ap-
pealing, meeting the stringent criteria required in advanced facial recon-
structive procedures.

Challenges With Traditional RAFF Technique

The traditional RAFF technique often falls short in managing extensive
nasal reconstructions due to the complexity of defects encountered. In
this case, the patient exhibited a substantial nasal defect compounded
by significant damage to palatal mucosa and bone structures. Compli-
cations were further exacerbated by a superiorly displaced pyriform ap-
erture and a misaligned anterior alveolus, adding to the reconstruction
challenges.

Furthermore, addressing a vestibulo-nasal fistula and establishing a
stable nasal lining presented formidable challenges with the convention-
al RAFF method. To counter these issues, the surgical plan incorporated
bony reconstruction of the alveolus and meticulous scar tissue removal.
This strategic approach adheres to Menick’s principle, emphasizing that
nasal reconstructions built on an unstable foundation are prone to yield-
ing suboptimal results [8].

In response to these foundational structural issues, we implement-
ed the tubularized RAFF technique, specifically designed to restore
functionality and enhance aesthetic outcomes. This modified approach
proved effective, ensuring a stable and satisfactory reconstruction.

Tubularized RAFF for Nasal Reconstruction

The RAFF is classified as a type C flap, distinguished by its ladder-type dis-
tribution of perforators along the pedicle vessel axis (Figure 3A) [9]. This
unique vascular architecture enables segmentation of the flap into mul-
tiple paddles, enhancing its versatility for complex nasal reconstructions.
In this instance, the unique anatomy of the RAFF was employed to create
tubularized sections that formed the nasal passages, which were tem-
porarily supported by splints to maintain structural integrity (Figure 3B).

Given the restricted dimensions of the pyriform aperture and the
absence of a nasal passage, a simple superstructure reconstruction was
inadequate. The creation of skin-lined tubes faced challenges due to
their natural tendency to contract and potentially collapse [10]. To coun-
teract this, the flap was meticulously thickened to 0.8 mm and expanded
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Figure 3. Application of tubularized radial artery forearm flap (RAFF) in the second stage. (A) Diagram illustrating the RAFF in its original flat configuration, highlighting the ladder-like
distribution of perforators along the pedicle vessel axis. (B) Detailed view of the RAFF tubularization process to form two distinct nasal passages. The flap is meticulously wrapped
around an 18 French Foley catheter, ensuring structural integrity and preventing collapse during the initial healing phase.

by an additional 10% to compensate for potential shrinkage. This mod-
ified flap was then securely wrapped around an 18 French Foley cathe-
ter, which was maintained as a stent for six weeks to ensure structural
stability and prevent collapse.

Following the initial stenting phase, the Foley catheter was replaced
with silicone stents, retained for three more months to safeguard the
structural integrity of the nasal passages. This strategic measure was
critical to prevent the collapse of the nascent structures, thereby ensur-
ing the functional efficacy and structural stability of the reconstruction.

Importance of Nasal Skeletal Framework

The nasal skeletal framework is essential for providing the structural
integrity, projection, and contour that are vital for both the functional
and aesthetic aspects of the nose. Materials such as cartilage or bone
are typically used to achieve these critical features [11]. In the case de-
scribed, costal cartilage was selected for its ease of harvest and proven
reliability in previous applications. This cartilage was meticulously craft-
ed into key structural components, including the dorsal nasal strut, col-
umellar strut, and alar support grafts, ensuring the nasal structure was
both stable and visually pleasing.

Challenges in Addressing Unresolved Nasal Stuffiness

Prior to surgical intervention, the patient experienced chronic nasal
stuffiness, a symptom potentially indicative of empty nose syndrome
[12]. Empty nose syndrome develops when extensive damage to the
nasal turbinates impairs their regulatory functions in airflow and air
humidification. Characteristically, empty nose syndrome manifests as
a paradoxical feeling of excessive nasal openness coupled with inade-
quate air intake, which can result in dryness, burning sensations, and a
persistent feeling of suffocation despite seemingly unobstructed nasal
passages. The fundamental problem in empty nose syndrome involves
the disruption of “cool air” receptors and a loss of nerve fibers essential
for airflow detection. This alteration undermines the critical feedback
mechanism for sensing airflow, leading to perceived blockages and pro-
foundly affecting quality of life.
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Despite surgical efforts to correct the nasal structure, the issue of
stuffiness persisted postoperatively. This ongoing challenge could be

due to the absence of sensory restoration in the reconstructed flap, af-
fecting airflow perception and maintaining the sensation of stuffiness
even after anatomical adjustments. Other postoperative structural
changes or healing processes might also alter airflow experience, con-
tributing to persistent nasal congestion.

Exploring surgical interventions to reconstruct or simulate the func-
tions of the turbinates could be beneficial, especially in complex cases
like this. However, fully mimicking the intricate functionality of natural
turbinates is extremely challenging due to their complex structure and
the delicate balance required for proper airflow and sensory feedback.
Further advancements in surgical techniques and materials are neces-
sary to improve functional and aesthetic outcomes, potentially includ-
ing strategies to address turbinate dysfunction in conditions like empty
nose syndrome.

Study Limitations

This study was based on a single case with a relatively short-term fol-
low-up. A longer follow-up is necessary to fully assess the effectiveness
of this procedure. Additionally, the potential relationship between asso-
ciative factors, such as allergies and seasonal variations, and persistent
nasal stuffiness should be further investigated.

CONCLUSION

This study presents the innovative tubularized RAFF technique for nasal
reconstruction, a method not previously described in the literature. This
technique has shown considerable promise, particularly in addressing
total nasal defects that pose complex structural challenges beyond the
scope of traditional methods. It successfully preserved the patency of
nasal passages while meeting both functional and aesthetic objectives.
Despite its effectiveness, the study observed some postoperative issues,
including persistent nasal stuffiness and lack of sensation in the recon-
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Figure 4. Intraoperative views during the second stage of nasal reconstruction using a tubularized radial artery forearm flap (RAFF) and a forehead flap. (A) Display of the tubularized
RAFF using 18 French catheters as stents to sculpt and stabilize the newly formed nasal passages. The skin, along with some subcutaneous tissue, is meticulously molded around
the catheters, forming two distinct nasal channels. These channels are lined with RAFF epithelium, ensuring structural stability and the integrity of the nasal lining during the second
stage of reconstruction. (B) The cartilaginous framework is meticulously planned based on nasofrontal and nasolabial angle measurements obtained from cephalograms, ensuring
anatomical precision. Following this planning, a costal cartilage framework is installed to provide essential structural support for the nasal reconstruction. This element is crucial for
maintaining both the integrity and aesthetic alignment of the reconstructed nose. (C) Display of the paramedian forehead flap application during the second stage of nasal reconstruc-
tion. This phase showcases the final application of the forehead flap, completing the external coverage, encapsulating the previously positioned tubularized RAFF, and integrating it

with the facial anatomy to finalize the reconstruction.

structed flap. These findings underscore the need for further research
and extended follow-up studies to fully assess and refine the technique’s
efficacy and adaptability. Advancing this technique could potentially es-
tablish it as a preferred method for managing intricate nasal reconstruc-
tions.
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