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Abstract

Facial reconstructive surgery has undergone significant advancements in recent years, driven by
innovations in surgical techniques, biomedical technology, and regenerative medicine. This review
explores the latest developments in the field, including microvascular free tissue transfer, 3D surgical
planning, computer-aided design and manufacturing (CAD/CAM), and the integration of tissue
engineering and stem cell therapy. Emphasis is placed on both functional and aesthetic outcomes, as
well as the psychosocial impact of facial reconstruction on patients. Additionally, the review examines
challenges such as donor site morbidity, complications, and long-term results. By analyzing recent
clinical studies and case reports, this paper provides a comprehensive overview of current practices and
emerging trends that are shaping the future of facial reconstructive surgery.

Keywords: Facial reconstructive surgery, microsurgery, 3D surgical planning, regenerative medicine,
facial transplantation

Introduction

Facial reconstructive surgery is a dedicated subspecialty within plastic and reconstructive
surgery aimed at reestablishing anatomic integrity as well as cosmetic quality to the facial
area after traumatic injury, congenital anomalies, oncologic ablation, infection, or
degenerative disease. Reconstructive surgery is different from cosmetic surgery, which is
performed to aesthetically alter normal structure of the body in order to improve appearance
and self-esteem but reconstructive surgery helps restore some normal function as well as
enhance the body's appearance ™. The work carried out in this area is very diverse, ranging
from small scar revisions to large microvascular free flap reconstructions and face
transplants. It draws from the knowledge of several fields such as maxillofacial surgery,
otolaryngology, ophthalmology, neurosurgery and dermatology to deliver successful results
21

Facial reconstructive surgery has a history that spans thousands of years. Reconstructive
Surgery through the Ages in 600 BC, Sushruta, an ancient Indian physician described a
reconstruction of the nose using a flap from the cheek A history of Reconstructive Surgery
Creatively it out For Nose Reconstruction 1. The field made some sporadic advances over
history but World Wars | and Il were turning points in the treatment of facial injuries,
marking a shift from personalized surgery to what would become established as a medical
specialty. Reconstruction facial surgery in the United Kingdom Sir Harold Gillies and
subsequently Sir Archibald Mclndoe constructed many of the techniques of modern plastic
surgery during World War 1 [,

In the 20th century, surgical results were dramatically improved after the discovery of
antibiotics and anesthesia and with aseptic procedures. Microsurgery in the 1970s, and more
recently the expanded use of imaging, biomaterials, computer-assisted surgery (CAS), since
the late 20th century into the early 21st century have transformed reconstruction with
autograft material from reconstructive efforts that were often impossible to being prudently
possible albeit challenging [,

Recent advances in technology and science have greatly improved the possibilities for facial
reconstructive surgery. Combining microsurgery, 3D printing, computer-aided design
(CAD), and virtual surgical planning has made surgery more accurate, quicker, and better for
both function and appearance. Also, new developments in tissue engineering and
regenerative medicine are making it possible to use less invasive and more biologically
compatible methods for reconstruction [,
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These advances are important not only because they
improve clinical outcomes, but also because they make
patients' lives better in general. Restoring the shape and
function of the face helps people reintegrate into society,
feel better about themselves, and raise their self-esteem, all
of which are important for a full recovery. As techniques get
better and more people can use them, the chance of treating
complicated facial defects with little risk of complications
keeps getting better Il This review seeks to furnish a
thorough examination of the present state and evolving
trends in facial reconstructive surgery.

2. Indications for Facial Reconstructive Surgery

2.1. Congenital Deformities

Congenital facial deformities are a primary indication for
reconstructive surgery (Figure 1) as they manifest at birth
and frequently result in enduring functional, aesthetic, and
psychosocial challenges. Some of these deformities are cleft
lip and palate, craniofacial syndromes (like Treacher Collins
and craniosynostosis syndromes), hemifacial microsomia,
microtia, nasal anomalies, and facial vascular malformations
8, The deformity often alters normal facial symmetry and
surface contours, as well as foundational anatomical
relationships, including skeletal, muscular, dental, and soft-
tissue architecture. To achieve harmony, the reconstructive
surgeon must deal with both the underlying skeletal problem
(like hypoplastic or malformed bone structures) and the soft
tissues that are on top of it [,

There are many clinical problems that come up when doing
congenital reconstruction. First and foremost, growth is a
major concern. The reconstructive plan must take into
account future facial growth and avoid methods that will
unnecessarily limit development or require repeated
revisions. Second, matching the color, thickness, and texture
of the tissue is very important for a growing face. A flap or
graft that looks good at one stage might not look good later
on as the face grows. Third, timing is important: early
intervention can help with functional problems (speech,
feeding, and breathing), but surgery too soon may get in the
way of growth centers. It often takes years of staged
multistage surgeries to gradually improve form and function
[10]

In practice, the reconstructive approach often begins with
skeletal reconstruction (e.g., bone grafting, distraction
osteogenesis, customized osteotomies) using techniques
aided by three-dimensional imaging and virtual planning.
Soft tissue reconstruction may involve local flaps, free
tissue transfer, or tissue expansion to generate adequate
coverage 3. For example, in a patient with hemifacial
microsomia, costochondral grafts or microvascular bone
flaps may restore mandibular continuity, followed by soft
tissue augmentation to address facial asymmetry. In
syndromic cases like craniosynostosis, calvarial vault
remodeling often precedes facial reconstruction. The
overarching goal is restoration of function occlusion,
mastication, speech and aesthetic balance, while minimizing
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donor site morbidity and preserving adaptability for future
refinement (221,

Fig 1: Congenital Facial Deformity Pre- and Post-Reconstruction
8],

2.2. Traumatic Injuries

Trauma is one of the most compelling indications for facial
reconstructive surgery because it often presents with acute,
complex, and multi tissue damage (Figure 2). Facial trauma
can result from motor vehicle crashes, falls, assaults,
ballistic injuries, or industrial accidents. The injuries may
involve multiple tissue types: bone (fractures of mandible,
maxilla, zygoma, orbit), soft tissue (lacerations, avulsions,
degloving), neurovascular structures, and skin. The
reconstructive challenge is to restore structural integrity,
reestablish functional continuity, and minimize visible
scarring and disfigurement 231,

After the initial emergent management (airway, hemostasis,
skeletal stabilization), the reconstructive plan is formulated.
The surgeon must address bony reconstruction using plates,
screws, bone grafting, or distraction devices, while
concurrently  restoring  soft tissue continuity and
revascularization. Microsurgical free flaps may be necessary
when large composite tissue defects occur (e.g., soft tissue,
bone, skin). Soft tissue coverage must be robust enough to
withstand infection, swelling, and radiation (if cancer enters
the picture later). Restoring facial nerve continuity and
sensory function is also often required in severe trauma.
Moreover, surgical timing is critical: early repair decreases
scarring and improves outcomes but must be balanced
against patient stability and risk of infection (41,

Aesthetic restoration in trauma is also demanding:
asymmetry, contour irregularities, and skin texture
differences must be overcome. Computer-assisted planning
and intraoperative navigation are increasingly used to align
bony segments accurately and restore pretrauma anatomy.
Secondary procedures (scar revision, contouring, fat
grafting) are often anticipated. In sum, traumatic facial
defects demand a comprehensive, staged, and
multidisciplinary  reconstructive approach, prioritizing
function and appearance in tandem 21,
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Fig 2: Facial Trauma Reconstruction: Pre-injury, Post-injury, and
Reconstructed Outcome [13],

2.3. Oncologic Resections (Post-Tumor Surgery)

When malignant or aggressive benign tumors arise in facial
tissues (skin, parotid, salivary, oral cavity, skull base), their
surgical excision often leads to significant defects in soft
tissue, bone, and neurovascular structures. Reconstructive
surgery in this context seeks to restore facial contour,
protect vital structures (e.g., airway, orbit, oral mucosa), and
facilitate adjuvant therapies (radiation, chemotherapy)
(Figure 3). Because the priority in cancer surgery is
complete tumor removal with negative margins,
reconstructive planning must be closely integrated with
oncologic strategy [61.

In oncologic defects, the reconstructive surgeon frequently
deals with composite defects: bone loss (maxilla, mandible,
zygoma), soft tissue (skin, mucosa, muscle), and in many
cases, involvement of critical structures like the orbit or
skull base. The reconstructive goal is to reestablish
continuity, separate cavities (oral/nasal), maintain speech
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and swallowing, restore facial projection, and allow
radiation to be applied without undue compromise 7],

Some of the methods used are osteocutaneous free flaps
(like the fibula free flap for the mandible, the scapular free
flap, and the iliac crest flaps), local or regional flaps, and
soft-tissue free flaps. For big defects, custom 3D printed
implants or cutting guides made just for the patient may be
helpful. It is important to choose soft tissue flaps that can
handle radiation and vascular pedicles that are strong.
Reconstruction is usually done in stages: first, the area is
closed and covered, and then it is refined (contour, thinning,
secondary flaps) 1. To time reconstruction and reduce
complications, it is important to work closely with
oncologists and radiation therapy teams.

Aesthetic outcomes are particularly difficult to achieve, as
tumor resections often compromise aesthetic units such as
the nose, lip, and cheek. The reconstructive team must find a
balance between the need for radical excision and the ability
to hide scars, restore symmetry, and make the patient happy.
Long-term follow-up is essential, as recurrences may
necessitate additional intervention. The reconstructive
mission here is twofold: to restore form and function while
also keeping cancer under control [,

Before

Fig 3: Post-Oncologic Resection Facial Defect and Reconstruction
[16],

2.4. Infections and Necrosis

Infections, such as necrotizing fasciitis and osteomyelitis, or
ischemic necrosis resulting from radiation, vascular
compromise, or pressure injuries, can cause tissue loss in the
facial area. This indication for reconstruction is distinctive
due to the potentially hostile surgical environment, where
inflammation, contamination, inadequate vascular supply,
and compromised or irradiated tissue beds elevate risk 2,
The first step is to get rid of all dead tissue to stop the
infection from spreading. Negative margins are necessary to
keep the infection from coming back. This frequently results
in a defect that encompasses various tissue types with
inadequate local vascularization. The reconstructive surgeon
must then choose between using local flaps (if there is still
viable tissue) or moving to free tissue transfer (Figure 4).
The main goal is to bring well-vascularized tissue to the
defect to help it heal and keep it from getting infected.
Muscle or myocutaneous flaps (e.g., latissimus dorsi, rectus
abdominis) are frequently employed due to their substantial
vascularization and ability to occupy voids, subsequently
followed by skin grafting or resurfacing 2.
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In cases of necrotic bone, such as osteoradionecrosis of the
mandible, segmental resection and reconstruction, such as a
free fibula flap, may be required. The soft tissue part must
provide long-lasting coverage. The reconstructive plan
might need to be done in stages: first, to stop the infection,
and then, to improve the shape and look of the area. The
surgeon must also carefully evaluate the vascularity of the
recipient bed and may need to perform vascular
augmentation or select distant recipient vessels 22,

Scar tissue, contracture, and poor skin quality make it
harder to restore aesthetics and function in these cases. The
reconstructive plan must work within these limits, and
sometimes it has to give up on the ideal aesthetic to make
sure that healing and stability happen. Long-term follow-up
is essential, as delayed failures or recurrent infections may
arise. In summary, reconstructive surgery in cases of
infection and necrosis necessitates meticulous planning,
incremental intervention, and a preference for introducing
healthy, vascularized tissue to affected areas 21,

Fig 4: Facial Necrosis and Reconstruction: Before and After [241,

2.5. Aesthetic and Functional Rehabilitation

While the preceding indicators are more definitive, a
significant domain of facial reconstructive surgery exists at
the intersection of aesthetic and functional rehabilitation
(Figure 5). In many patients, congenital, traumatic,
oncologic, or post-inflammatory defects can lead to
structural deficiencies that are minor but necessary for
function (e.g., asymmetry, contour irregularities, soft tissue
atrophy, scarring) or that impair aesthetics (e.g.,
depressions, surface irregularities). Reconstruction in this
category aims to not only restore normal form but also to
improve function, such as smile symmetry, cheek support,
eyelid position, lip competence, and facial animation 4],

In these rehabilitative cases, the reconstructive surgeon may
employ techniques such as local flap revisions, fat grafting,
dermal fillers, scar release, tissue expansion, or
micro-adjustments of flap contour. The challenge here is to
integrate interventions seamlessly into the existing anatomy,
avoid additional morbidity, and achieve natural outcomes.
Because the defect is often more subtle, the margin for
visible discrepancy is small 251,

Functional rehabilitation may involve dynamic reanimation
of facial nerve palsy (nerve grafts, muscle transfers),
repositioning of soft tissues to restore lip competence or
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eyelid closure, or augmentation of volume in atrophic areas.
Moreover, when patients have undergone prior
reconstructions (e.g., free flap, bone graft), any additional
work must respect prior vascular pedicles and avoid
jeopardizing vascular supply 1281,

Aesthetic goals in this setting include restoring symmetry,
blending skin color and texture, smoothing transitions, and
minimizing visible scars. Advanced tools like 3D imaging,
surface scanning, and intraoperative assessment are
increasingly used to guide precise adjustments. Given the
high expectations of patients in this domain, even minor
imperfections can be significant. The reconstructive surgeon
must balance aggressive improvement with restraint,

ensuring that interventions are safe, stable, and predictable
[27]

Fig 5: Functional / Aesthetic Facial Rehabilitation [241,

3. Preoperative Considerations

In planning advanced facial reconstructive surgery, the
preoperative phase is arguably as critical as the
intraoperative execution. Success depends heavily on
thorough evaluation, precise planning tailored to each
patient, high-fidelity imaging and simulation, and
psychological preparation. The decisions made before
surgery set the stage for surgical feasibility, complication
avoidance, and optimal functional and aesthetic outcomes.
In the following subsections, we examine the essential
components of preoperative preparation in facial
reconstruction [%81,

3.1. Multidisciplinary Evaluation

Before embarking on any complex facial reconstruction,
assembling a multidisciplinary team is indispensable. This
team commonly includes, but is not limited to, plastic and
reconstructive surgeons, maxillofacial surgeons, head and
neck or ENT surgeons, neurosurgeons, ophthalmologists,
radiologists, prosthodontists, speech and swallowing
therapists, and sometimes psychologists or psychiatrists.
The involvement of these specialists from the outset ensures
that all anatomical, functional, aesthetic, and rehabilitative
dimensions are considered in an integrated fashion 2%,

The rationale for multidisciplinary evaluation is manifold.
First, many facial defects are composite, involving bone,
soft tissue, nerve, vascular, ocular, and airway components;
no single specialty can fully address every aspect. For
example, a defect involving the orbit may require
coordination between ophthalmology (for globe protection
and eyelid function), maxillofacial surgery (orbital floor
reconstruction), and plastic surgery (soft tissue and aesthetic
contouring). Second, functional rehabilitation speech,
mastication, swallowing, facial animation often requires
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input from therapists and prosthetic planners. Third,
previous treatments (radiation, surgery, scars) may
complicate reconstruction, and the team must anticipate
these interactions (2],

In practice, the evaluation begins with joint review of
patient history, prior interventions, comorbidities (e.g.,
diabetes, vascular disease, smoking status), and anatomical
constraints. The radiologist helps interpret imaging and
suggest critical vascular or structural issues. Prosthodontists
or dental specialists assess occlusion, dental alignment, and
feasibility of dental implants in skeletal reconstructions.

Speech and swallowing experts evaluate baseline
functionality and project rehabilitation needs. The
psychosocial expert helps evaluate the patient’s

expectations, coping capacity, and support network. The
team meets (often in a “tumor board” or “reconstruction
board” format) to delineate the defect, set priorities (e.g.,
airway vs aesthetics vs oncologic safety), and sketch an
integrated reconstructive roadmap [,

This collaborative discourse often reveals “hidden”
constraints: for instance, the vascular status of recipient
vessels for microsurgery, likely donor site morbidity,
radiation field constraints, or limitations posed by
preexisting scars. The team can thus decide whether a
staged reconstruction is safer, whether adjunctive therapies
(e.g., hyperbaric oxygen, vascular delay) are needed, or
whether alternative strategies (e.g., prosthetic rather than
autologous reconstruction) may be preferable. Ultimately, a
robust multidisciplinary evaluation maximizes patient
safety, optimizes resource allocation, and ensures that the
surgical plan is cohesive across all domains structural,
functional, aesthetic, and rehabilitative (32 31,

3.2. Patient-Specific Planning

Once the multidisciplinary framework is in place, the next
step is patient-specific planning. Every patient presents a
unique constellation of anatomical variation, defect
geometry, adjacent structures, and personal priorities. A
“one-size-fits-all” approach is no longer acceptable in
modern facial reconstruction; instead, tailored solutions
based on each patient’s biometrics, expectations, and
tolerances are required 34,

Patient-specific ~ planning  begins  with  collecting
comprehensive  baseline  data: medical history,
comorbidities, prior surgeries or radiation, soft tissue quality
(scars, fibrosis, skin laxity), vascular status (preexisting
vessel integrity), and donor site considerations. The surgeon
must weigh tradeoffs: for example, achieving perfect
symmetry may require more aggressive dissection or
grafting that increases risk to vascular pedicles. The
patient’s preferences regarding scar placement, donor sites,
ischemia time, acceptability of staged procedures must be
elicited early and incorporated into the plan 31,

This planning process involves back-and-forth refinement.
Proposed reconstructions (e.g. flap type, bone graft
contours, implant design) are simulated and modified in
collaboration with radiologists and engineers. Surgeons
often create virtual mockups, overlaying grafts or flaps on
imaging to visualize how contours will lie relative to
surrounding landmarks. Surgeons may request custom
cutting guides, patient-specific implants, or prefabricated
flaps adapted to individual topology. For example, in
mandible reconstruction, the fibula graft orientation, length,
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and osteotomies are planned to match the patient’s native
mandibular curvature and occlusal scheme [,

In addition, risk stratification is integrated into the plan:
ischemia time tolerances, flap salvage strategies, backup
plans, and decision points are predefined. Surgeons also
ensure that donor site morbidity is minimized through
careful flap selection and planning. Ultimately, patient-
specific planning produces a surgical roadmap that
anticipates pitfalls, adapts to the patient’s anatomy and
needs, and maximizes the probability of achieving
functional and aesthetic goals with minimal revisions 7],

3.3. Imaging and 3D Simulation

High-resolution imaging and three-dimensional simulation
are cornerstones of modern facial reconstructive planning
(Figure 6). Traditional 2D radiographs or photographs lack
depth and spatial context, but advanced computed
tomography (CT), cone-beam CT (CBCT), MRI, and
surface scanning enable reconstruction of anatomy in all
three dimensions, segmentation of tissues, and virtual
surgical manipulation 81,

The process typically involves acquisition of DICOM data
via CT/CBCT (bone, soft tissue windows), and sometimes
MRI (for neural or vascular structures). Sophisticated
software tools segment bone, soft tissues, vasculature, and
other relevant elements into discrete 3D models. These
models are then manipulated in virtual space: osteotomies,
graft placement, flap inset, mirroring of the contralateral
side, and simulation of postoperative contours are all
feasible preoperatively. Virtual planning helps the surgeon
refine angles, lengths, symmetry, and avoid collisions or
impingements with critical structures 9,

One powerful utility is “mirroring” reflecting the unaffected
side onto the defect side to propose ideal contours and
symmetry. For instance, in orbital and midface defects,
mirroring enables the surgical team to visualize the desired
rim position or volume replacement. Intraoperative
navigation systems can then align the surgical execution to
the virtual plan. Software tools may generate custom cutting
guides, surgical templates, and patient-specific implants that
fit precisely into the defect geometry. Some centers validate
the plan by superimposing the postoperative CT over the
preoperative plan and quantifying deviations (as low as < 1
mm in some studies) to assess accuracy %1,

The advantages are numerous. Virtual simulation reduces
intraoperative guesswork, shortens operating time, and
improves accuracy of graft fit and alignment. It allows
better planning of vascular pedicle length and orientation,
flap inset routes, and detection of potential conflicts before
the incision is made. Moreover, virtual tools help in patient
education surgeons can share 3D models and predicted
outcomes with patients to align expectations and consent.
As these technologies evolve, augmented reality,
mixed-reality overlays, and intraoperative real-time image
guidance are increasingly integrated to bridge the gap
between the simulation and the surgical field 1,

However, it is essential to recognize limitations: imaging
artifacts, segmentation errors, registration inaccuracies, and
soft tissue behavior unpredictability (swelling, contraction)
can all reduce fidelity. The surgical team must remain
flexible and ready to deviate from the plan intraoperatively

when encountering unexpected anatomy or tissue response
[42]
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Fig 6: 3D Imaging and Virtual Surgical Simulation Overlaid on
Patient CT [38],

3.4. Psychological Assessment and Counseling

Equally crucial, yet sometimes underappreciated, is the
psychological dimension of facial reconstructive surgery.
Because the face is central to identity, expression, and social
interaction, defects and reconstruction carry deep
psychosocial implications. Patients often confront anxiety,
depression, body image disturbance, social withdrawal, and
unrealistic expectations. Therefore, a formal psychological
assessment and structured counseling should be integral to
preoperative preparation 31,

Psychological evaluation begins early ideally at the time of
surgical referral. A qualified psychologist or psychiatrist
should assess the patient’s mental health status, coping
mechanisms, support system, perception of self,
expectations of surgery, and resilience to complications or
revisions. Tools such as validated questionnaires (e.g., Beck
Depression Inventory, Body Image Scale) or structured
interviews may be used. The aim is not to exclude patients
per se, but to identify those at high risk of postoperative
psychosocial distress and to institute preemptive support 41,
During counseling, surgeons and psychologists should
engage the patient in a frank discussion of risks, limitations,
possible revisions, scarring, recovery time, and aesthetic
variability. Visual aids (preoperative and postoperative
cases, 3D renderings) help the patient calibrate expectations.
Counseling should also cover coping with complications or
suboptimal results, consent to possible staged or secondary
procedures, and management of emotional stress. A realistic
and incremental expectation setting is key to patient
satisfaction 4%,

For many patients, referral to support groups, peer patients,
or reconstructive survivors can be beneficial. Psychological
follow-up should continue into the postoperative and
rehabilitation phases to manage adjustment, social
reintegration, depression, or body image issues. In many
cases, the success of reconstructive efforts is judged not by
technical perfection alone but by patient satisfaction,
confidence, and functional return to life. A well-prepared
mind is as important as a well-prepared surgical plan 6],
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4. Surgical Techniques and Innovations

4.1 Traditional Reconstructive Techniques

4.1.1 Local Flaps

Local flaps remain the workhorse in facial reconstruction,
especially for small to moderate defects, because they offer
the best match in terms of skin color, texture, thickness, and
vascular supply. A local flap is a piece of tissue that is
harvested adjacent to a defect and then transposed, rotated,
advanced, or transposed into the defect while maintaining its
native blood supply (pedicled). The success of local flaps
depends on careful planning of the flap design (size,
orientation, vascular pedicle length), ensuring that tension is
minimized, and preserving vascular perfusion throughout
the transfer. In facial defects such as small cheek or nasal
defects or for periorbital or lip reconstructions, local flaps
like the nasolabial flap, bilobed flap, advancement flaps,
rotational flaps, or Mustardé cheek flaps can provide
reliable coverage with minimal donor morbidity (Figure 7)
[471

One of the strengths of local flaps is that they can often be
done in a single stage with minimal complexity. Because the
tissue is adjacent, inset is relatively straightforward, and
color and texture integration tend to be superior. However,
local flaps are limited by defect size, the laxity of
surrounding tissue, and the need to avoid excessive
distortion of neighboring landmarks. Large defects or those
crossing multiple aesthetic units may exceed what local
flaps can safely cover. In such cases, combining local flaps
with other techniques can help achieve both coverage and
contour. In summary, local flaps remain indispensable in a
reconstructive surgeon’s toolkit and often form the
foundation of facial defect repair before more complex
options are considered 81,

Fig 7: Local Flap Design and Transfer in Facial Defect
Reconstruction 17,

4.1.2 Regional Flaps

When local tissue is insufficient or cannot be mobilized
without undue tension or distortion, regional (pedicled)
flaps provide a broader reach while still preserving a
predictable vascular pedicle. Regional flaps are derived
from anatomical regions somewhat distant from the defect
but within reach via a vascular pedicle that is rotated or
tunneled to the defect area. Examples of regional flaps
include the submental island flap, pectoralis major flap
(rarely for facial use), temporoparietal fascia flap,
cervicofacial flaps, and deltopectoral flaps (in severe cases).
The key advantage is that regional flaps bring robust tissue
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with their own blood supply, which is less dependent on
marginal vascularity of the injured defect bed, and yet avoid
the complexity of microsurgical anastomosis [*%,

Regional flaps also allow larger tissue transfer than local
options, often with more reliable perfusion over longer arcs
of rotation. However, they can cause donor site morbidity,
increased scarring, and sometimes require more extensive
dissection or tunneling which risks compression or kinking
of the pedicle. The arc of rotation, pedicle length, and
rotation angle must be carefully planned so as not to strain
vascular supply. In facial reconstructive planning, regional
flaps are often used as a “stepping stone” when local flaps
fail or are inadequate, or when patient factors
(comorbidities, vascular paucity) contraindicate
microsurgery 591,

4.1.3 Free Tissue Transfer (Microvascular Flaps)

Free tissue transfer or microvascular free flap is a
transformative  technique in reconstructive surgery,
especially for large, complex or composite defects. In this
approach, tissue (skin, fat, muscle, bone, or combinations
thereof) is completely detached, along with its vascular
pedicle, and then reattached to recipient vessels at the defect
site via microsurgical anastomoses (Figure 8). This allows
the surgeon to bring in highly vascularized tissue from
virtually anywhere in the body to reconstruct remote or
large defects with high precision 51,

In facial reconstruction, common free flaps include radial
forearm free flap (soft tissue), fibula osteocutaneous flap
(bone, soft tissue for mandibular defects), scapular and
subscapular system flaps, anterolateral thigh (ALT) free
flap, latissimus dorsi flap, and combinations thereof. Free
flaps provide unmatched flexibility in shaping, volume, and
tissue types. Because they bring their own blood supply,
they are more tolerant of challenging recipient beds
(radiated, scarred, or compromised). Outcome success rates
in experienced hands often exceed 90%, though flap failure
remains a serious risk requiring prompt recognition and
salvage 52,

The drawbacks include technical complexity, prolonged
operative time, and higher resource demands. Donor site
morbidity must be carefully considered. Moreover, the need
for reliable recipient vessels, microvascular expertise, and
postoperative monitoring is essential. Despite these
challenges, free tissue transfer is now considered the gold
standard for large or composite facial defects and has
become central to modern reconstructive algorithms (531,

Fig 8: Microvascular Free Flap Transfer for Facial Reconstruction
[51]
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4.2 Advances in Microsurgery

4.2.1 Perforator Flaps

Perforator flaps represent a paradigm shift in reconstructive
surgery by preserving underlying muscle and minimizing
donor morbidity. In a perforator flap, the flap is based solely
on perforating vessels that traverse through or between
muscles to supply the overlying skin and subcutaneous
tissues. Because the muscle (or deeper tissue) is left intact,
functional loss is reduced, and recovery is improved (Figure
9). In facial reconstruction, perforator flaps (e.g., ALT
perforator, profunda artery perforator, and others) allow
transfer of flexible, thin soft tissue well-suited for facial
contours, while reducing the morbidity inherent in
musculocutaneous flaps 54,

Perforator flaps require meticulous dissection of tiny
perforating vessels and often lengthening or skeletonization
of the pedicle to achieve reach and mobility. The learning
curve is steep, but the benefits less bulk, more pliable tissue,
and less donor impact are compelling. In scenarios where
only soft tissue is required (e.g., cheek, periorbital, lip),
perforator flaps are increasingly preferred. They are well
suited for contour refinement, flap thinning, and secondary
revisions. The continued development of superselective
dissection techniques and preoperative vascular mapping
further enhances the reliability of perforator-based
reconstruction 5%,

Fig 9: Harvest of a Perforator Flap for Facial Reconstruction (541,

4.2.2 Supermicrosurgery

Supermicrosurgery refers to microvascular anastomosis
involving extremely small vessels typically under 0.8 mm
diameter (sometimes as small as 0.3-0.5 mm). This
advancement enables connections to very delicate vascular
branches and allows more refined flap inset, perforator-to-
perforator connections, or lymphatic vessel reconstruction.
In  facial reconstruction, supermicrosurgery opens
possibilities such as super thin flaps, chimeric perforator
flaps, or salvage of marginal zones by connecting minor
vessels rather than sacrificing major trunks [°61,

The technique demands exceptional surgical skill, advanced
optics, specialized instruments, and extreme precision.
Applications include flap perforator-to-recipient perforator
anastomoses, refined venous superdrainage, or salvage of
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partially ischemic flap zones by secondary micro-
anastomoses. Supermicrosurgery pushes the boundary of
what is reconstructable, especially in tight anatomical areas
or when recipient vessels are scarce. However, it is
technically demanding, time-intensive, and reserved for
high-volume, experienced centers. Its integration into facial
reconstructive practice continues to grow as microsurgical
instruments and training evolve 57,

4.3 Computer-Assisted Surgery

4.3.1 3D Planning and Virtual Surgical Simulation
Computer-assisted surgical planning is now central to high-
precision facial reconstruction. Using DICOM data from
CT/CBCT, MRI, or surface scans, 3D digital models of the
patient’s anatomy are generated, segmented, and
manipulated in software environments. Virtual planning
allows simulation of osteotomies, graft placement, flap
inset, mirroring of the contralateral side, and prediction of
postoperative contours. Surgeons can refine angles,
dimensions, symmetry, and even simulate soft-tissue drape
and skin closure 81,

One great advantage is that the surgical plan can be
translated intraoperatively via cutting guides, navigation
systems, or patient-specific implants, reducing guesswork
and intraoperative improvisation. Some investigators report
submillimetric accuracy in translating plans to the surgical
field. Surgeons can repeatedly revise the plan with engineers
until optimal geometry is achieved. Virtual planning also
helps anticipate vascular pedicle routing, implant fit,
collision zones, and margin constraints. Moreover, sharing
3D visualizations helps in patient counseling and alignment
of expectations 59,

However, limitations include imaging artifact, registration
error, soft tissue unpredictability (swelling, contraction), and
the need for intraoperative flexibility. The model is only as
good as the input data and the surgeon’s willingness to
deviate when anatomy demands. Still, 3D planning has now
become a standard in complex craniofacial and mandibular
reconstructions (6%,

4.3.2 Patient-Specific Implants: Patient-specific implants
(PSls), often made of titanium, PEEK, or other
biocompatible materials, are custom-designed to perfectly
fit the defect geometry predicted during planning. In facial
reconstruction especially skeletal reconstruction (orbit,
zygoma, cranial vault, mandible) these implants can restore
contour and structural integrity with milled precision
(Figure 10). PSIs can be combined with or integrated into
free flap reconstruction, serving as scaffolding, fixation, or
load-bearing structures (61,

Design and fabrication proceed from the virtual plan; the
implant is milled or 3D-printed to exact specification, often
including screw holes, fixation features, and smooth
transition curves. During surgery, the implant (and
accompanying cutting guides) is used to align bone grafts or
flap segments, ensuring congruence with the native
anatomy. Because PSls are custom to the patient, they
minimize intraoperative bending, reduce surgical time, and
enhance accuracy 2,

Challenges include cost, manufacturing time, sterilization
logistics, and the need for precise registration in the
operating room. Mismatch between virtual and actual
anatomy (due to edema, deformation, or soft tissue shift)
can compromise fit. Nonetheless, PSIs represent an integral
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component of the modern reconstructive armamentarium,

especially in high-precision facial skeletal reconstruction
[63]

Fig 10: Patient-Specific Titanium Implant for Facial
Reconstruction (61

4.4 Use of Biomaterials and Scaffolds

4.4.1 Alloplastic Materials

Alloplastic materials synthetic, inert biomaterials are widely
used in facial surgery to provide support, contour, and space
maintenance. In reconstructive settings, alloplasts such as
titanium meshes, porous polyethylene (Medpor), silicone
implants, and resorbable polymers can be used to replace or
augment bone or cartilage structures (e.g., orbital floor,
nasal framework, zygoma) (Figure 11). Their advantages
include ease of shaping, ready availability, and elimination
of donor site morbidity 64,

In reconstructive contexts, alloplastic implants are often
used in conjunction with vascularized flaps or grafts to
restore shape or add structural reinforcement. However, they
carry risks: infection, extrusion, foreign body reaction, long-
term resorption or migration, and difficulty integrating with
host bone in compromised beds. In irradiated or scarred
tissues, their performance can be unpredictable. Therefore,
their use must be judicious and often reserved for non-load-
bearing roles or protected by vascularized soft tissue
coverage. Advances in material science such as porous
coatings, bioactive surfaces, and hybrid composites aim to
improve integration and reduce complications [,

Fig 11: Alloplastic Implant in Facial Reconstruction 64,
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4.4.2 Tissue-Engineered Constructs
Tissue engineering seeks to combine cells, growth factors,
and scaffolds to regenerate functional tissues. In facial

reconstructive  surgery, engineered scaffolds (often
biodegradable polymers or hydrogels) seeded with
autologous  cells  (e.g., chondrocytes, osteoblasts,

mesenchymal stem cells) offer the promise of reconstructing
bone, cartilage, or soft tissue without harvesting large donor
flaps. For example, a scaffold matching the zygomatic
contour can be seeded with osteogenic cells and
vascularized by flap coverage; as the scaffold degrades,
native bone regenerates in its place [,

The advantages are compelling: reduced donor site
morbidity, personalized scaffolds, and potentially better
integration with surrounding tissues. Challenges remain
substantial: ensuring vascularization (to keep cells alive),
mechanical strength (especially for load-bearing bones),
controlling degradation kinetics, achieving adequate cell
differentiation, and integrating with host tissues. Many
constructs still exist at the experimental or early clinical
stage. Nonetheless, the synergy of tissue engineering with
conventional reconstructive techniques is a vibrant frontier
in facial reconstruction (67,

4.5 Regenerative Medicine and Stem Cell Therapy

4.5.1 Role of Mesenchymal Stem Cells

Mesenchymal stem cells (MSCs), harvested from bone
marrow, adipose tissue, or other sources, hold promise in
enhancing regeneration, angiogenesis, and modulation of
scar formation when wused adjunctively in facial
reconstruction. When applied to grafts, scaffolds, or even as
a component of flap beds, MSCs can secrete trophic factors
that support neovascularization, reduce fibrosis, and
improve tissue healing. In facial defects, MSCs may
accelerate integration of grafts, enhance flap survival, and
improve soft tissue quality [8],

Clinical translation, however, is still evolving. Challenges
include determining optimal cell doses, scaffold delivery
methods, ensuring cell viability in hostile defect beds, and
regulatory/ethical hurdles. Nevertheless, MSCs are a
promising biological adjunct that may elevate reconstructive
outcomes beyond what pure mechanical techniques can
achieve [69,

4.5.2 Growth Factors and Platelet-Rich Plasma (PRP)

Growth factors and platelet-rich plasma (PRP) are
increasingly used to augment wound healing (Figure 12),
vascular ingrowth, and soft tissue regeneration in
reconstructive surgery. PRP contains platelet-derived
growth factor, transforming growth factor-p, vascular
endothelial growth factor, and other cytokines that can
stimulate angiogenesis, collagen synthesis, and cell
proliferation. When applied to surgical sites graft interfaces,
flap beds, scaffold surfaces PRP may accelerate healing,
reduce complications, and enhance soft tissue quality [,

While its use is somewhat empirical, many reconstructive
surgeons incorporate PRP into facial reconstructions
especially in  high-risk beds (irradiated, scarred,
compromised vasculature). The evidence base remains
mixed, but the low risk profile and potential benefits make
PRP a valuable adjunct in many reconstructive protocols I3,
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Fig 12: PRP-Enhanced Reconstruction in Facial Surgery [,

4.6 Facial Allotransplantation (Face Transplants)

4.6.1 Indications and Ethical Considerations

Facial allotransplantation transplanting facial tissue (skin,
soft tissue, sometimes bone, nerves, vessels) from a donor to
a recipient represents the ultimate reconstructive option for
massive, otherwise unreconstructable defects (Figure 13).
The indications are limited but include devastating trauma,
tumor excision, or congenital absence, where conventional
flap techniques would not restore adequate form or function.
Because this involves donor tissue, ethical issues (consent,
donor risk, identity, societal perception) are central. Patients
must understand lifelong immunosuppression, risk of
rejection, infection, psychological impact, and the trade-offs
between reconstruction and transplant. Strict selection
criteria, psychosocial readiness, and ethical guidelines are
required 12,

Fig 13: Facial Allotransplantation: Preoperative Planning and
Ethical Framework [2,

4.6.2 Immunosuppression Protocols

Because the transplanted facial tissue is allogeneic,
recipients need to take immunosuppressants for the rest of
their lives to keep their bodies from rejecting it. Protocols
frequently resemble those utilised in solid organ
transplantation, encompassing induction therapy (e.g.,
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antithymocyte globulin), maintenance immunosuppression
(calcineurin inhibitors, antiproliferatives), and regular
assessment of rejection. Facial transplants are very likely to
be rejected quickly or slowly because skin s
immunologically active. Researchers are looking into new
immunomodulatory strategies like tolerogenic protocols,
cell therapy, and regulatory T cells to reduce drug toxicity
while keeping the graft accepted [71.

4.6.3 Outcomes and Challenges

Although still uncommon, facial transplantation cases thus
far have exhibited extraordinary functional and aesthetic
recovery, including the restoration of sensation, facial
movement, speech, and appearance. But there are still
problems: dealing with immunologic complications, nerve
regeneration problems (especially for fine motor control),
inconsistent aesthetic integration, long-term graft survival,
and weighing the benefits of immunosuppression against the
risks of infection, cancer, and metabolic disease. You also
need to keep a close eye on psychological adaptation and
identity issues. Still, face transplantation is a strong symbol
of what can be done with reconstructive surgery [4],

4.7 Robotic-Assisted Surgery

4.7.1 Applications in Reconstructive Procedures
Robotic-assisted surgery is increasingly explored in
reconstructive fields to enhance precision, reduce surgeon
fatigue, and allow minimally invasive access to complex
anatomical regions. In facial reconstruction, robotics may
assist flap harvest (especially in remote donor sites),
percutaneous drilling, endoscopic approaches, or intraoral
flap inset without wide incisions. The robot’s articulated
arms, tremor filtration, and high-definition 3D imaging can
improve accuracy in delicate zones [,

4.7.2 Limitations and Future Potential

The limitations of robotics include high cost, limited haptic
feedback, spatial constraints in confined facial anatomy, and
still-maturing techniques for microsurgery via robotic
platforms. Currently, robots are less common in
microvascular anastomosis (though research is ongoing).
The potential is substantial: remote-controlled microsurgery,
Al-assisted robotic guidance, augmented reality overlays,
and hybrid manual-robot workflows. As technology
advances and robotic systems become more refined and
accessible, their role in facial reconstructive surgery is
poised to grow 78l

5. Postoperative Management

After the completion of facial reconstructive surgery, the
postoperative period is a critically sensitive phase during
which careful management directly influences the ultimate
functional, aesthetic, and psychological outcomes. In many
ways, the success of the surgery hinges not only on the
intraoperative technique but equally on how well the patient
is cared for afterward. Postoperative management
encompasses close monitoring, prevention of complications,
effective pain control, meticulous wound care, structured
rehabilitation, and psychological support to help patients
reintegrate socially. In the following subsections, we
explore in depth the strategies, challenges, and best
practices in postoperative care for facial reconstructive
patients [77],
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5.1 Monitoring and Complication Prevention

One of the foremost tasks in postoperative care is vigilant
monitoring to detect early signs of complications, especially
in reconstructive surgery involving flaps, grafts, implants, or
composite repairs. Monitoring begins immediately in the
recovery room and continues intensively during the first 24
to 72 hours, when the risk of wvascular compromise,
hematoma, infection, or flap failure is highest. For
microvascular free flaps or perforator-based reconstructions,
surgeons and nursing staff closely monitor perfusion via
clinical signs (skin color, temperature, capillary refill,
turgor), hand-held doppler probes, implantable flow sensors,
or near-infrared spectroscopy when available 78],

Frequent checks often hourly or every 30 minutes initially
are performed to ensure that arterial inflow and venous
outflow remain uncompromised. Any indication of venous
congestion or arterial insufficiency (e.g., increasing flap
swelling, darkening color, delayed capillary refill, rising
tissue tension) prompts immediate surgical exploration.
Hematoma formation is a dreaded early complication,
capable of compressing vascular pedicles and compromising
graft or flap survival; thus, drains are often placed
intraoperatively and monitored carefully for output, color,
and trends. If drainage suddenly drops or becomes bloody,
this may herald bleeding or clot formation requiring prompt
intervention 7%,

Aside from vascular issues, other possible problems should
also be expected. There is a chance of wound dehiscence,
infection, seroma, skin necrosis, flap edge ischemia, and
problems at the donor site. So, the postoperative protocol
usually includes antibiotics to prevent infection (based on
the type of surgery and the rules of the hospital), strict
aseptic dressing changes, and close monitoring of systemic
signs (fever, leukocytosis) or local signs (erythema,
purulence, pain). If there is any doubt, the care team should
keep a low threshold for imaging (like CT angiography or
duplex ultrasound) or go back to the operating room [,
Intraoperative planning (making sure the pedicle is long
enough, the inset is free of tension, and the blood vessels are
lined up correctly) is the first step in prevention strategies.
However, it is just as important to stay alert afterwards.
Early movement of the head and neck must be balanced
with protecting the cuts. Maintaining perfusion depends on a
number of things, including blood pressure, hydration,
anticoagulation (if used), and the position of the patient. In
many hospitals, using standardized postoperative checklists
and flap surveillance protocols lowers the number of
complications and increases the chances of saving a life.
During the first week, the frequency of monitoring
decreases as stability is achieved; however, vigilance must
be maintained even in later stages, as certain complications
(e.g., infection or late vascular compromise) may develop
days post-surgery 83,

5.2 Pain Management and Wound Care

Pain management and wound healing are important parts of
postoperative care because they have a direct impact on how
comfortable, mobile, and able to do rehabilitation the patient
is. Effective analgesia enables patients to preserve airway
dynamics, swallow, articulate (when reconstructive zones
are perioral), and engage in physical therapy, while reducing
opiate-associated adverse effects such as sedation or
respiratory depression 82,
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A multimodal analgesic approach is often employed. This
may include scheduled nonopioid medications (e.g.,
acetaminophen, NSAIDs as appropriate), regional nerve
blocks or local anesthetic infusions (e.g., catheter-based
analgesia at the flap or donor site), and judicious use of
opioids for breakthrough pain. Analgesic plans are adjusted
according to the reconstructive site: for instance, mandibular
or midface reconstructions may provoke more nociception
related to manipulation of bone or muscular attachments,
mandating slightly more intensive analgesia. Titration must
maintain analgesia without oversedation, particularly in the
early postoperative period [,

Wound care is equally critical. The surgical sites including
flap inset areas, donor sites, and incision margins must be
kept clean, well-vascularized, and protected from undue
tension or contamination. Dressings are typically designed
to minimize shear, facilitate drainage, and allow periodic
inspection. Drains must be managed meticulously: emptied,
measured, and documented; sudden changes in output
should raise concern. Sterile dressing changes are performed
under strict aseptic technique, often daily or per surgeon
protocol, and the skin edges inspected for signs of infection,
dehiscence, or necrosis 84,

In complex reconstructions, negative pressure wound
therapy (NPWT) or vacuum-assisted closure (VAC)
dressings may be used over grafts or at donor sites to
enhance adherence, reduce edema, and promote granulation.
In addition, adjunctive local therapies such as topical
antibiotics, collagenase dressings, hydrocolloids, silicone
sheeting, or growth factor sprays may support healing in
high-risk zones. Care must be taken to avoid excessive
pressure over flaps or pedicles ],

Soft tissue edema is a constant problem. The protocol often
includes gentle compression (when possible), raising the
head, and careful use of ice or cooling (if flap perfusion is
stable). But you have to be careful when cooling so that it
doesn't hurt the microcirculation in fragile flaps.

Managing scars and tension is something that people often
forget about. Surgeons decide when to take out sutures or
staples, and the tension on the closures is kept to a
minimum. Gentle massage or scar mobilization (once safe)
early on may help stop hypertrophic scarring or contracture.
The relationship between pain control and wound care is
complicated. Moving too much can put stress on sutures,
and being too still can cut off blood flow. The postoperative
team must frequently reevaluate and equilibrate these
requirements for optimal recovery [,

5.3 Rehabilitation and Physical Therapy

Rehabilitation and physical therapy are essential for
restoring function, symmetry, muscle coordination, and
reducing long-term complications in facial reconstruction.
From the early postoperative period onward, a customized
rehabilitation plan must take into account the structures
involved, such as the facial expression muscles, masticatory
muscles, temporomandibular joint, soft tissues, and even
cervical posture. Reconstructive patients may have problems
with nerve continuity, muscle reinnervation, or bulk defects,
which makes rehabilitation more difficult and takes longer
than for cosmetic surgery patients [¢71,

In the immediate postoperative phase (once flaps are stable
and incisions permit), gentle passive movements of the
facial soft tissues may begin to reduce edema, prevent
adhesion, and preserve soft tissue mobility always under the
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guidance and approval of the surgical team. As healing
proceeds, active-assisted and active exercises are introduced
to restore symmetry, muscle tone, and coordination. For
example, patients may be guided through smiling, frowning,
lip pursing, brow elevation, and ocular closure exercises to
re-establish peripheral nerve muscle interactions, promote
neuromuscular reeducation, and avoid contracture [,

In cases involving mandibular or midface reconstruction,
jaw physiotherapy is critical. Controlled mandibular
opening/closing, lateral excursions, light chewing with soft
diet progressing to harder food as tolerated, and
temporomandibular mobilization help prevent trismus and
maintain occlusal alignment. Speech and swallowing
therapists may be engaged when oropharyngeal or intraoral
structures are involved; early interventions help avoid
dysphagia, aspiration, and speech distortion 8,

Manual lymph drainage, gentle facial massage, and
compression therapy (if allowed) are all lymphatic drainage
techniques that help reduce swelling, improve the flap's
shape, and make the patient more comfortable. Some
centers may add low-level laser therapy or ultrasound
therapy to the rehabilitation program. These methods need
to be carefully watched to make sure they don't hurt blood
flow or cause bleeding [,

Physical therapy often includes the neck, posture, and
cervical muscles, especially if surgery or long periods of
inactivity made them stiff or hurt. Exercises that strengthen,
stretch, and improve range of motion help keep the cervical
spine in line, reduce extra tension on the facial flaps, and
make it easier to move around during the day P4,
Rehabilitation is not a one-size-fits-all program; it must be
tailored to the type of defect, the anatomical zones involved,
the status of the nerves, the general health of the patient, and
any surgical limitations. It may take months for progress to
happen. To avoid overly aggressive therapy that could harm
flaps or suture lines, the surgical team, physical therapists,
and speech and rehabilitation specialists need to work
closely together. The main goal of rehabilitation is to
improve function (facial expression, speech, chewing, and
swallowing) and appearance while reducing problems like
contracture, asymmetry, or stiffness %2,

5.4 Psychological Support and Social Reintegration
Facial reconstructive surgery fundamentally impacts the
essence of patient identity, social engagement, and self-
perception. The time after surgery can be very emotional for
patients. They may have to deal with a changed appearance,
unexpected problems, a longer recovery time, or unmet
expectations. Psychological support and facilitated social
reintegration are essential components of comprehensive
postoperative management, rather than supplementary
elements.

Setting realistic expectations and getting the patient ready
for swelling, bruising, sensory changes, and temporary
asymmetry are the first steps in early postoperative
counselling. Surgeons and psychologists ought to conduct
forthright discussions with the patient, and frequently with
the family, regarding the recovery trajectory, potential
revisions, and emotional adjustment. Early referral to a
mental health professional facilitates monitoring and prompt

intervention for anxiety, depression, body image
disturbances, or adjustment disorders [*3],
Structured psychological follow-up visits, cognitive

behavioural therapy if needed, and connections with other
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reconstructive patients through peer or support groups are
all examples of supportive measures. Patients frequently
gain advantages from examining before-and-after images or
predictive models (when accessible), but solely within a
meticulously structured context to prevent unrealistic
comparisons or discouragement. It is important to build on
personal strengths, resilience, and a focus on functional
recovery instead of just aesthetic perfection.

As the patient's outward appearance returns to normal and
they regain strength, they must be carefully guided back into
social situations like family, work, and public interactions.
The reconstructive team should give advice on when to do
things, how to deal with how other people react, and how to
slowly get used to being around other people. Some patients
may choose to use makeup, camouflage techniques, or scars
management aids in the early stages to make it easier to fit
back in. Psychological support is vital for patients
experiencing stigmatisation, self-consciousness, or social
anxiety [*41,

Long-term psychological care must also address identity and
self-perception. A reconstructed face can be life-changing,
but patients need time to get used to the change in their
identity. Sometimes, people may still feel ambivalent about
the reconstructed result, be afraid it will happen again, or be
unhappy with it. Ongoing counselling and open lines of
communication with the surgical team help deal with these
problems (51,

Finally, social reintegration often involves occupational
therapy, vocational support (if facial function affects speech
or job roles), and community resources. Successful
reintegration is not merely cosmetic it is a return to
meaningful life with confidence, interaction, and
psychological resilience. The synergy of surgical recovery
and psychological support is essential to ensure that the
reconstructive journey culminates not only in restored
anatomy, but in restored humanity [,

6. Outcomes and Prognosis
6.1  Functional  Outcomes
Mastication, etc.)

One of the most vital metrics by which facial reconstructive
surgery is judged is the restoration of function specifically
the ability to speak intelligibly, breathe comfortably, chew
and swallow effectively, maintain airway patency, and in
many cases, protect vision and ocular motility. The success
of reconstruction is not measured solely in aesthetic
harmony but in how well the patient regains these core
physiological tasks. In many reconstructive scenarios,
preoperative impairment is severe: a large midface defect
may interrupt nasal airway continuity, mandibular loss may
disrupt occlusion and mastication, or oropharyngeal
resections may impair swallowing and speech. The
reconstructive surgeon’s goal is to reestablish continuity of
the airway, oronasal separation, muscular function, and
neural innervation as much as possible 71,

In practice, functional outcomes vary depending on the
defect location,  reconstructive  technique,  nerve
involvement, and timing of rehabilitation. For example, in
mandibular reconstruction with an osteocutaneous free flap,
achieving stable dental occlusion (through secondary
implants or prostheses) is critical for mastication and speech
articulation. Patients may initially require a soft diet and
gradually progress to more solid food as muscle strength
and neuromuscular coordination return. In some cases,

(Speech,  Breathing,
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custom dental implants integrated into the reconstructed
mandible or prosthetic dental overlays are necessary to
optimize chewing function. Speech outcomes especially are
delicate: defects involving the lips, tongue, palate, or
pharynx may lead to slurred speech or hypernasality. When
possible, reconstructive plans include restoration of palatal
continuity, grafting of mucosa, and shaping of oronasal
surfaces to optimize phonation [°81,

Breathing function is critical particularly in reconstructions
involving the nasal cavity, maxilla, or midface. Preservation
or reconstruction of nasal airway passages, septal support,
turbinectomy or turbinate reconstructions, and stenting may
be required. In some patients, tracheostomy is necessary
temporarily until airway patency is secured. Soft tissue flaps
must not obstruct airway passages postoperatively; flap bulk
and positioning must be planned to avoid collapse or
obstruction during respiration [,

The path to recovery is slow. Patients may need feeding
tubes, special diets, and airway support right after surgery.
Functional thresholds get better over weeks to months with
rehabilitation, which includes swallowing therapy, speech
therapy, and physiotherapy. Longitudinal follow-up
frequently reveals gradual improvements in speech clarity,
masticatory strength, and respiratory comfort. Residual
deficits may persist, particularly in intricate defects or when
nerve regeneration is insufficient. The extent of functional
recovery is significantly associated with prompt and
intensive rehabilitation, nerve continuity (if neural
reconstruction was conducted), and the compatibility
between donor and recipient tissue characteristics. In the
end, the success of facial reconstruction is measured by how
well patients can speak, swallow, breathe, and articulate
normally in their daily lives (1%,

6.2 Aesthetic Outcomes and Patient Satisfaction

While function is the most important thing, the way things
look is also very important for patient satisfaction and
psychosocial adjustment. A reconstructed face must not
only function but also look good, with symmetry, contour,
soft tissue drape, skin color match, and a smooth transition
between facial units. The challenge is huge: a lot of the
time, reconstructions have to deal with problems that cross
aesthetic lines (nose, cheek, eyelid, lip, forehead), and even
small asymmetries become clear over time, especially as
tissues settle 101,

There are both objective and subjective parts to judging how
well something looks. Surgeons can objectively measure
symmetry indices with 3D surface scans, look at contour
deviations (millimeters of displacement), look at the quality
of the scar (width, hypertrophy), and check the color match,
shadowing, and transitions between the flap and the native
tissue. Long-term evaluation is necessary because tissue
remodeling and thinning may improve contour but also risk
volume loss or contraction. Secondary contouring, flap
thinning, fat grafting, and scar revision are often used to
improve results (202,

Subjectively, patient-reported satisfaction is a critical
complement to objective metrics. Patients are asked whether
they feel their reconstructed face looks “normal,”
“acceptable,” or “satisfactory” and how comfortable they
are interacting socially, photographing themselves, or
returning to public life. Some measure satisfaction with
standardized scales (e.g., the FACE-Q or aesthetic outcome
questionnaires), capturing domains such as facial
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appearance, scar acceptability, psychosocial well-being, and
social confidence (%%,

In many reported series, good-to-excellent aesthetic
outcomes are achieved in a large proportion of patients, but
the incidence of dissatisfaction remains nontrivial often tied
to unmet expectations, minor asymmetries, or secondary
changes over time (volume loss, tissue sagging, scar
widening). The timing of evaluation matters: early
assessments during swelling phases may paint an overly
optimistic or pessimistic picture; long-term (1-5 years)
follow-up provides more realistic insights into stable
appearance. Importantly, open communication between
surgeon and patient about expected trade-offs, possible
revisions, and realistic aesthetic endpoints is a strong
predictor of satisfaction. In summary, aesthetic success is
not just about symmetry, but about harmony, integration,
and patient confidence an outcome that balances surgical
precision with the patient’s subjective experience [1%4],

6.3 Quality of Life Assessments

Beyond function and appearance lies the broader, holistic
measure of quality of life (QoL). This domain captures the
patient’s psychological well-being, social interaction, return
to work or daily activities, self-esteem, and overall life
satisfaction. In facial reconstructive surgery, assessing QoL
is crucial because defects and reconstructions affect identity,
social stigma, emotional health, and vocational or
interpersonal  functioning. Even a technically perfect
reconstruction may fall short if the patient continues to
suffer psychological distress or limitations in everyday life
[105]

QoL is typically measured with validated instruments some
generic (e.g., SF-36, WHOQOL) and some disease- or
region-specific (e.g. the Facial Clinometric Evaluation
(FaCE) scale, the University of Washington Quality of Life
Questionnaire for Head & Neck, or patient-derived
modules). These tools assess domains such as physical
functioning, role limitations, emotional well-being, social
functioning, pain, and mental health. Preoperative baseline
assessments are essential to allow comparison and to
quantify the impact of reconstruction [108],

In many studies, patients demonstrate significant
improvement in QoL following facial reconstruction
improvements in social confidence, reduced stigma,
increased ability to engage in public life, and better
psychological adjustment. The magnitude of improvement
often correlates with the degree of functional and aesthetic
restoration, but may plateau or even decline in some patients
if complications or dissatisfaction occur. Long-term QoL
trajectories sometimes show that early gains are tempered
by late changes (e.g., flap volume loss, aging, scar
widening), which may require revision and affect patient
satisfaction anew [207],

Importantly, predictor analyses in some studies show that
patients with better preoperative psychological resilience,
clearer expectations, stronger support systems, and fewer
comorbidities tend to achieve higher QoL outcomes.
Conversely, patients with persistent pain, sensory deficits,
or asymmetry may demonstrate lower QoL despite
technically sound reconstruction. Thus, QoL assessments
provide a valuable feedback loop informing surgeons about
which techniques, counseling strategies, or follow-up

protocols maximize true patient-centered success in the long
run [08],
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6.4 Complications and Revision Rates

No reconstructive procedure is without risk, and outcomes
must be evaluated in light of complication rates and the
frequency of revisions. Complications in facial
reconstruction may be minor or major, early or late, and
their occurrence influences both immediate success and
long-term prognosis 1%,

Early complications include flap or graft failure (partial or
total), vascular thrombosis (arterial or venous), hematoma or
bleeding, infection, wound dehiscence, seroma, donor site
morbidity, and flap congestion. In microvascular free flaps,
early vascular compromise remains a dreaded complication;
timely recognition and prompt return to the operating room
for salvage are critical to avoid total flap loss. Most salvage
protocols emphasize low thresholds for exploration when
signs of vascular compromise appear 117,

Intermediate and late complications include partial flap
necrosis, marginal ischemia, infection, skin or mucosal
contractures, flap or graft shrinkage, bone resorption or
nonunion (in bony reconstructions), implant exposure or
extrusion, scar hypertrophy, donor site problems, and
functional complications (e.g., trismus, nerve palsies). In
facial allotransplantation, complications also include acute
and  chronic  rejection, immunosuppression-related
infections, and systemic side effects 111,

Revision surgery is frequently necessary to correct residual
asymmetry, contour irregularities, bulk excess, scar
hypertrophy, flap thinning or debulking, or functional
tweaks (e.g. scar release, nerve grafts, soft tissue
rearrangements). In many series, revision rates range from
10 % to 30 % (or higher in very complex cases), depending
on the defect complexity and the center’s experience.
Because the face ages and tissues remodel, many patients
require secondary contouring years after the initial
reconstruction 1121,

Prognostically, facilities characterized by high volume and
extensive experience typically exhibit reduced complication
and revision rates. Careful patient selection, strict
intraoperative technique, careful postoperative monitoring,
and staged planning all lower the number of unplanned
revisions that need to be made. Even in the best
circumstances, though, the fact that healing is unpredictable,
patient biology, radiation effects, and ageing mean that
some level of complication and revision is expected. The
process of getting consent for surgery must include a clear
discussion of these risks and the chance of needing more
surgery 1231,

7. Conclusion

Facial reconstructive surgery has come a long way, and
patients with complicated facial defects have seen big
improvements in both how well their faces work and how
they look. New technologies like microsurgical free flap
transfer, 3D imaging and virtual surgical planning, robotic
assistance, and tissue engineering have made it possible to
do more types of reconstructive surgery. This means that
each patient can get a more personalized treatment. These
advancements in technology and techniques have resulted in
shorter surgeries, enhanced flap survival rates, and
diminished complication risks at the donor site. Patients'
health and quality of life have also improved thanks to
multidisciplinary care models that bring together surgical,
medical, and rehabilitative knowledge.
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There are still problems to solve, though, like how to deal
with immunosuppression in facial transplants and how to

balance functional

restoration with aesthetic concerns.

Future directions should focus on improving minimally

invasive

techniques, developing biomaterials and

regenerative strategies, and integrating artificial intelligence
for surgical planning and navigation during surgery. We
need to keep coming up with new ideas and work together
to improve the field and meet the complex needs of patients
who need facial reconstruction.

References

1.

10.

11.

12.

13.

Chuang J, Barnes C, Wong BJ. Overview of facial
plastic surgery and current developments. Surg J (N Y).
2016;2(1):e17-28. https://doi.org/10.1055/s-0036-
1572360

Degner D. Facial reconstructive surgery. Clin Tech
Small Anim Pract. 2007;22(2):82-88.
https://doi.org/10.1053/j.ctsap.2007.03.009

Shaye DA. The history of nasal reconstruction. Curr
Opin Otolaryngol Head Neck Surg. 2021;29(4):259-
264. https://doi.org/10.1097/M0O0.0000000000000730
Dave T, Habte A, Vora V, Sheikh MQ, Sanker V,
Gopal SV. Sushruta: The father of Indian surgical
history.  Plast Reconstr Surg Glob  Open.
2024;12(4):e5715.
https://doi.org/10.1097/GOX.0000000000005715
Tamai S. History of microsurgery from the beginning
until the end of the 1970s. Microsurgery. 1993;14(1):6-
13. https://doi.org/10.1002/micr.1920140105

Vyas K, Suchyta M, Gibreel W, Martinez-Jorge J, Bite
U, Sharaf BA, et al. Virtual surgical planning and 3D-
printed surgical guides in facial allotransplantation.
Semin Plast Surg. 2022;36(3):199-208.
https://doi.org/10.1055/5-0042-1756452

Hoffman L, Fabi S. Look better, feel better, live better?
The impact of minimally invasive aesthetic procedures
on satisfaction with appearance and psychosocial
wellbeing. J Clin Aesthet Dermatol. 2022;15(5):47-58.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC91222
80/

Huang H, Du J. Editorial: Congenital craniofacial
deformities: Genetic and clinical aspects. Front Oral
Health. 2023;4:1298447.
https://doi.org/10.3389/froh.2023.1298447

Lefebvre A, Barclay S. Psychosocial impact of
craniofacial deformities before and after reconstructive
surgery. Can J Psychiatry. 1982;27(7):579-584.
https://doi.org/10.1177/070674378202700712

Face Ahead Abstract Book. Craniomaxillofac Trauma
Reconstr. 2024;17(1 Suppl):4S-84S.
https://doi.org/10.1177/19433875241232784

Sapru BL. "Distraction osteogenesis": An emerging
concept in the correction of craniofacial deformities.
Med J Armed Forces India. 2001;57(4):273-274.
https://doi.org/10.1016/S0377-1237(01)80001-0

De Pace R, Molinari S, Mazzoni E, Perale G. Bone
regeneration: A review of current treatment strategies. J
Clin Med. 2025;14(6):1838.
https://doi.org/10.3390/jcm14061838

Jiménez-Murat Y, Fuentes-Calvo K, Fukumoto-Inukai
KA, Martinez-Wagner R. Severe facial trauma
secondary to aircraft propeller injury: The art of facial

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

~233~

http://www.casereportsofsurgery.com

reconstruction. JPRAS  Open. 2024;42:338-343.
https://doi.org/10.1016/j.jpra.2024.10.004

Vincent A, Hohman MH. Mandible reconstruction. In:
StatPearls. Treasure Island (FL): StatPearls Publishing;
2023.
https://www.ncbi.nlm.nih.gov/books/NBK563241/
Zeiderman MR, Pu LL. Contemporary reconstruction
after complex facial trauma. Burns Trauma.
2020;8:tkaa003. https://doi.org/10.1093/burnst/tkaa003
Young A, Okuyemi OT. Malignant salivary gland
tumors. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; 2023.
https://www.ncbi.nIm.nih.gov/books/NBK563022/

lyer S, Thankappan K. Maxillary reconstruction:;
Current concepts and controversies. Indian J Plast Surg.
2014;47(1):8-19. https://doi.org/10.4103/0970-
0358.129618

Kearns M, Ermogenous P, Myers S, Ghanem AM.
Osteocutaneous flaps for head and neck reconstruction:
A focused evaluation of donor site morbidity and
patient-reported outcome measures in  different
reconstruction options. Arch Plast Surg.
2018;45(6):495-503.
https://doi.org/10.5999/aps.2017.01592

Bottini GB, Joos V, Steiner C, Zeman-Kuhnert K,
Gaggl A. Advances in microvascular reconstruction of
the orbit and beyond: Considerations and a checklist for
decision-making. J Clin Med. 2024;13(10):2899.
https://doi.org/10.3390/jcm13102899

Wallace HA, Perera TB. Necrotizing fasciitis. In:
StatPearls. Treasure Island (FL): StatPearls Publishing;
2023.
https://www.ncbi.nIm.nih.gov/books/NBK430756/
Hakkarainen TW, Kopari NM, Pham TN, Evans HL.
Necrotizing soft tissue infections: Review and current
concepts in treatment, systems of care, and outcomes.
Curr Probl Surg. 2014;51(8):344-362.
https://doi.org/10.1067/j.cpsurg.2014.06.001

Salati S. Necrotizing fasciitis - A review. Pol Przegl
Chir. 2023;95(2):46-54.
https://doi.org/10.5604/01.3001.0015.7676

Zhao JC, Zhang BR, Shi K, et al. Necrotizing soft
tissue infection: Clinical characteristics and outcomes at
a reconstructive center in Jilin Province. BMC Infect
Dis. 2017;17:792. https://doi.org/10.1186/s12879-017-
2907-6

Yildiz T, Selimen D. The impact of facial aesthetic and
reconstructive surgeries on patients' quality of life.
Indian J Surg. 2015;77(Suppl 3):831-836.
https://doi.org/10.1007/s12262-013-1024-z

Turcu EG, Oltean DA, Branaru MG. Functional and
aesthetic outcomes in facial reconstructions with
multiple composite axial flaps - Case report. Int J Med
Sci Clin Res Stud. 2024;4(6):1205-12009.
https://doi.org/10.47191/ijmscrs/v4-i06-33

Ji J, Alexander N, Enin K, Spataro E. Factors
associated with outcomes of facial reconstruction after
Mohs micrographic surgery. Craniomaxillofac Trauma
Reconstr. 2024;17(4):NP131-NP137.
https://doi.org/10.1177/19433875241257981

Lee TY, Lee S, Eun S. The free flap reconstruction of
facial defects after squamous cell carcinoma excision.
Medicina (Kaunas). 2024;60(9):1432.
https://doi.org/10.3390/medicina60091432


http://www.casereportsofsurgery.com/

International Journal of Case Reports in Surgery

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Pitale ARK, Acharya A, Nayani D. Advancing
precision rhinoplasty: Preoperative digital 3D surgical
planning. Indian J Otolaryngol Head Neck Surg.
2024;76(5):4580-4586. https://doi.org/10.1007/s12070-
024-04927-x

Slijepcevic AA, Afshari A, Vitale AE, Couch SM,
Jeanpierre LM, Chi JJ. A contemporary review of the
role of facial prostheses in complex facial
reconstruction. Plast Reconstr Surg. 2023;151(2):288e-
98e. https://doi.org/10.1097/PRS.0000000000009856
Belfort BDW, Owens W, Leonovicz OG, Xue AS, et al.
The multidisciplinary team in head and neck cancer
reconstruction: A reference manual for the plastic
surgeon. Semin Plast Surg. 2025;39(2):103-112.
https://doi.org/10.1055/s-0045-1808273

Federspil PA. Auricular prostheses in microtia. Facial
Plast Surg Clin N Am. 2018;26:97-104.

Tetteh S, Bibb RJ, Martin SJ. Maxillofacial prostheses
challenges in resource-constrained regions. Disabil
Rehabil. 2019;41:348-356.

Karakoca S, Aydin C, Yilmaz H, Bal BT. Retrospective
study of treatment outcomes with implant-retained
extraoral prostheses: Survival rates and prosthetic
complications. J Prosthet Dent. 2010;103:118-126.
World Congress on Osteoporosis, Osteoarthritis and
Musculoskeletal Diseases (WCO-IOF-ESCEO 2025).
Aging Clin  Exp Res. 2025;37(Suppl 1):279.
https://doi.org/10.1007/s40520-025-03119-z

Borrelli MR, Shen AH, Lee GK, Momeni A, Longaker
MT, Wan DC. Radiation-induced skin fibrosis:
Pathogenesis, current treatment options, and emerging
therapeutics. Ann Plast Surg. 2019;83(4S Suppl 1):S59-
64. https://doi.org/10.1097/SAP.0000000000002098
Louro RS, Moraschini V, Melhem-Elias F, Sturzinger
GPS, Amad RA, Shibli JA. Digital implant-supported
restoration planning placed in autologous graft using
titanium implants produced by additive manufacturing.
Dent J (Basel). 2024;12(7):192.
https://doi.org/10.3390/dj12070192

Harris BN, Bewley AF. Minimizing free flap donor-site
morbidity. Curr Opin Otolaryngol Head Neck Surg.
2016;24(5):447-52.
https://doi.org/10.1097/MO0.0000000000000286
Alshomrani F. Cone-beam computed tomography
(CBCT)-based diagnosis of dental bone defects.
Diagnostics (Basel). 2024;14(13):1404.
https://doi.org/10.3390/diagnostics14131404

Grauer D, Cevidanes LS, Proffit WR. Working with
DICOM craniofacial images. Am J Orthod Dentofacial
Orthop. 2009;136:460-470.
https://doi.org/10.1016/j.ajod0.2009.04.016

Singh DD, Schorn L, Strong EB, Rana M, et al.
Computer-assisted secondary orbital reconstruction.
Craniomaxillofac  Trauma Reconstr.  2020;14(6).
https://doi.org/10.1177/1943387520935004

Venkatesh E, Elluru SV. Cone beam computed
tomography: Basics and applications in dentistry. J
Istanbul Univ Fac Dent. 2017;51(Suppl 1):S102-21.
https://doi.org/10.17096/jiufd.00289

Mustafa SF, Evans PL, Bocca A, Baxter PW, et al.
Customized titanium reconstruction of post-traumatic
orbital wall defects: A review of 22 cases. Int J Oral
Maxillofac Surg. 2011;40:1357-1362.
https://doi.org/10.1016/j.ijjom.2011.04.020

43.

44,

45.

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

~ 234~

http://www.casereportsofsurgery.com

Bradbury ET, Simons W, Sanders R. Psychological and
social factors in reconstructive surgery for hemi-facial
palsy. J Plast Reconstr Aesthet Surg. 2006;59:272-8.
https://doi.org/10.1016/j.bjps.2005.09.003

De Sousa A. Psychological issues in acquired facial
trauma. Indian J Plast Surg. 2010;43:200-205.
https://doi.org/10.4103/0970-0358.73452

Raju B, Reddy K. Are counseling services necessary for
the surgical patients and their family members during
hospitalization? J Neurosci Rural Pract. 2017;8:114-
117. https://doi.org/10.4103/0976-3147.193551

Dawod MS, Alswerki MN, Alelaumi A, Shagar MG,
Al-Habashneh FM, Alshloul SA, et al. Impact of
structured checklist-based preoperative counseling
versus standard counseling on postoperative patient-
reported outcomes after elective surgery. BMC Health
Serv Res. 2024;24:1405.
https://doi.org/10.1186/s12913-024-11916-

Azeem KMA, Abdelaal SMA, Maguid MFA, Awad
PBA, Hassan BHA, Shaer WME, Ahmed MFI.
Perforator-based local flaps for cutaneous facial
reconstruction. Maxillofac Plast Reconstr Surg.
2024;46:30. https://doi.org/10.1186/s40902-024-00435-
8

Salzano G, Maffia F, Vaira LA, Committeri U, Copelli
C, Maglitto F, et al. Locoregional flaps for the
reconstruction of midface skin defects: A collection of
key surgical techniques. J Clin Med. 2023;12:3700.
https://doi.org/10.3390/jcm12113700

Rehim SA, Chung KC. Local flaps of the hand. Hand
Clin. 2014;30:137-151, v.
https://doi.org/10.1016/j.hcl.2013.12.004

Dorji K. Local or regional flaps in developing country:
Experience from Eastern Bhutan. Int Wound J.
2024;21:e14905. https://doi.org/10.1111/iw;j.14905
Mady LJ, Kaffenberger TM, Baddour K, Melder K,
Godse NR, Gardner P, et al. Anatomic considerations
of microvascular free tissue transfer in endoscopic
endonasal skull base surgery. J Neurol Surg B Skull
Base. 2021;83(Suppl 2):e143-51.
https://doi.org/10.1055/s-0041-1722935

Bauder A, Othman S, Asaad M, Kovach S.
Microvascular free tissue transfer for reconstruction of
complex abdominal wall defects. Plast Reconstr Surg.
2022;149:74e-78e.
https://doi.org/10.1097/PRS.0000000000008669
Knoedler S, Hoch CC, Huelsboemer L, Knoedler L,
Stogner VA, Pomahac B, Kauke-Navarro M, Colen D.
Postoperative free flap monitoring in reconstructive
surgery  Man  or  machine? Front  Surg.
2023;10:1130566.
https://doi.org/10.3389/fsurg.2023.1130566

Yamamoto T, Yamamoto N, Kageyama T, Sakai H,
Fuse Y, Tsuihiji K, Tsukuura R. Definition of
perforator flap: What does a "perforator” perforate?
Glob Health Med. 2019;1:114-116.
https://doi.org/10.35772/ghm.2019.01009

Taeger CD, Horch RE, Dragu A, Beier JP, Kneser U.
Perforatorlappen. Eine neue Ara in der rekonstruktiven
Chirurgie [Perforator flaps. A new era in reconstructive
surgery]. Chirurg. 2012;83:163-71.
https://doi.org/10.1007/s00104-011-2137-1


http://www.casereportsofsurgery.com/

International Journal of Case Reports in Surgery

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Badash I, Gould DJ, Patel KM. Supermicrosurgery:
History, applications, training and the future. Front
Surg. 2018;5:23.
https://doi.org/10.3389/fsurg.2018.00023

Ratoiu VA, Cretu A, Hodea FV, Dumitru CS, Grosu-
Bularda A, Bordeanu-Diaconescu EM, et al.
Supermicrosurgical vascular anastomosis A
comparative study of lumen-enhancing visibility
techniques. J Clin Med. 2025;14:555.
https://doi.org/10.3390/jcm14020555

Xia J, Wang D, Samman N, Yeung RW, Tideman H.
Computer-assisted three-dimensional surgical planning
and simulation: 3D color facial model generation. Int J
Oral Maxillofac Surg. 2000;29:2-10. PMID:10691135
Klasen JRS, Thatcher GP, Bleedorn JA, Soukup JW.
Virtual surgical planning and 3D printing: Methodology
and applications in veterinary oromaxillofacial surgery.
Front Vet Sci. 2022;9:971318.
https://doi.org/10.3389/fvets.2022.971318

Han F, Huang X, Wang X, Chen YF, LuC, Li S, Lu L,
Zhang DW. Artificial intelligence in orthopedic
surgery: Current applications, challenges, and future
directions. MedComm. 2025;6:€70260.
https://doi.org/10.1002/mco2.70260

Gugliotta Y, Zavattero E, Ramieri G, Borbon C,
Gerbino G. Cranio-Maxillo-Facial reconstruction with
polyetheretherketone patient-specific implants:
Aesthetic and functional outcomes. J Pers Med.
2024;14:849. https://doi.org/10.3390/jpm14080849
Chepurnyi Y, Kustro T, Chernogorskyi D, Zhukovtseva
O, Kanura O, Kopchak A. Application of patient-
specific implants as alternative approach to zygoma
defect management A retrospective study. Ann
Maxillofac Surg. 2021;11:91-96.
https://doi.org/10.4103/ams.ams_294 20

Rana M, Buchbinder D, Aniceto GS, Mast G. Patient-
specific solutions for cranial, midface, and mandible
reconstruction following ablative surgery: Expert
opinion and a consensus on the guidelines and
workflow.  Craniomaxillofac ~ Trauma  Reconstr.
2025;18:15. https://doi.org/10.3390/cmtr18010015
Oliver JD, Eells AC, Saba ES, Boczar D, Restrepo DJ,
Huayllani MT, et al. Alloplastic facial implants: A
systematic review and meta-analysis on outcomes and
uses in aesthetic and reconstructive plastic surgery.
Aesthet Plast Surg. 2019;43:625-636.
https://doi.org/10.1007/s00266-019-01370-0

Sivam A, Enninghorst N. The dilemma of
reconstructive material choice for orbital floor fracture:
A narrative review. Medicines (Basel). 2022;9:6.
https://doi.org/10.3390/medicines9010006

Han F, Wang J, Ding L, Hu Y, Li W, Yuan Z, et al.
Tissue engineering and regenerative medicine:
Achievements, future, and sustainability in Asia. Front
Bioeng Biotechnol. 2020;8:83.
https://doi.org/10.3389/fbioe.2020.00083

Todd EA, Mirsky NA, Silva BLG, Shinde AR,
Arakelians ARL, Nayak VV, et al. Functional scaffolds
for bone tissue regeneration: A comprehensive review
of materials, methods, and future directions. J Funct
Biomater. 2024;15:280.
https://doi.org/10.3390/jfb15100280

Dang J, Yang J, Yu Z, Chen L, Zhang Z, Wang K, et al.
Bone marrow mesenchymal stem cells enhance

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

~235~

http://www.casereportsofsurgery.com

angiogenesis and promote fat retention in fat grafting
via polarized macrophages. Stem Cell Res Ther.
2022;13:52. https://doi.org/10.1186/s13287-022-02709-
2

Di Palma G, Marinelli G, Palumbo I, Guglielmo M,
Riccaldo L, Morolla R, et al. Mesenchymal stem cells
in oral and maxillofacial surgery: A systematic review
of clinical applications and regenerative outcomes. J
Clin Med. 2025;14:3623.
https://doi.org/10.3390/jcm14113623

Everts PA, Knape JT, Weibrich G, Schénberger JP,
Hoffmann J, Overdevest EP, et al. Platelet-rich plasma
and platelet gel: A review. J Extra Corpor Technol.
2006;38:174-187. PMID:16921694; PMCID:
PMC4680757

Bai MY, Vy VPT, Tang SL, Hung TNK, Wang CW,
Liang JY, Wong CC, Chan WP. Current progress of
platelet-rich derivatives in cartilage and joint repairs.
Int J Mol Sci. 2023;24:12608.
https://doi.org/10.3390/ijms241612608

Siemionow M, Kulahci Y. Facial transplantation.
Semin Plast Surg. 2007;21:259-268.
https://doi.org/10.1055/s-2007-991196

Huelsboemer L, Boroumand S, Kochen A, Dony A,
Moscarelli J, Hauc SC, et al. Immunosuppressive
strategies in face and hand transplantation: A
comprehensive systematic review of current therapy
regimens and  outcomes.  Front  Transplant.
2024;3:1366243.
https://doi.org/10.3389/frtra.2024.1366243
Shanmugarajah K, Hettiaratchy S, Butler PE. Facial
transplantation. Curr Opin Otolaryngol Head Neck
Surg. 2012;20:291-297.
https://doi.org/10.1097/M00.0b013e3283552¢cc5
Novo J, Seth I, Mon Y, Soni A, Elkington O,
Marcaccini G, Rozen WM. Use of robotic surgery in
plastic and reconstructive surgery: A narrative review.
Biomimetics (Basel). 2025;10:97.
https://doi.org/10.3390/biomimetics10020097

Tan YPA, Liverneaux P, Wong JKF. Current
limitations of surgical robotics in reconstructive plastic
microsurgery. Front Surg. 2018;5:22.
https://doi.org/10.3389/fsurg.2018.00022

Hofer SO, Payne CE. Functional and aesthetic outcome
enhancement of head and neck reconstruction through
secondary procedures. Semin Plast Surg. 2010;24:309-
318. https://doi.org/10.1055/s-0030-1263072

Salgado CJ, Chim H, Schoenoff S, Mardini S.
Postoperative care and monitoring of the reconstructed
head and neck patient. Semin Plast Surg. 2010;24:281-
287. https://doi.org/10.1055/s-0030-1263069

Bailey MA, Griffin KJ, Scott DJ. Clinical assessment of
patients with peripheral arterial disease. Semin
Intervent Radiol. 2014;31:292-299.
https://doi.org/10.1055/s-0034-1393964

Kazzam ME, Ng P. Postoperative seroma management.
In: StatPearls [Internet]. StatPearls Publishing; 2023.
Available from:
https://www.ncbi.nIm.nih.gov/books/NBK585101/

Tol JA, Gouma DJ, Bassi C, Dervenis C, Montorsi M,
Adham M, et al. Definition of a standard
lymphadenectomy in surgery for pancreatic ductal
adenocarcinoma: A consensus statement by the


http://www.casereportsofsurgery.com/

International Journal of Case Reports in Surgery

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

International Study Group on Pancreatic Surgery
(ISGPS). Surgery. 2014;156:591-600.
https://doi.org/10.1016/j.surg.2014.06.016

Bechert K, Abraham SE. Pain management and wound
care. J Am Coll Certif Wound Spec. 2009;1:65-71.
https://doi.org/10.1016/j.jcws.2008.12.001

Horn R, Hendrix JM, Kramer J. Postoperative pain
control. In: StatPearls [Internet]. StatPearls Publishing;
2024. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK544298/

Lee K, Lee S, Kim J. Wound pain management: The
present and the future. J Wound Manag Res.
2024;20:199-211.
https://doi.org/10.22467/jwmr.2024.03153

Zaver V, Kankanalu P. Negative pressure wound
therapy. In: StatPearls [Internet]. StatPearls Publishing;
2023. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK576388/
Wang ZR, Ni GX. Is it time to put traditional cold
therapy in rehabilitation of soft-tissue injuries out to
pasture? World J Clin Cases. 2021;9:4116-22.
https://doi.org/10.12998/wjcc.v9.i17.4116
Guntinas-Lichius O, Genther DJ, Byrne PJ. Facial
reconstruction and rehabilitation. Adv
Otorhinolaryngol. 2016;78:120-131.
https://doi.org/10.1159/000442132

Ren M, Bai Y, Wang M, Zeng T, Tang Y, Shan Y,
Telha W, Zhao W. Impact of the orofacial muscular
rehabilitation exercise on facial expression recovery
post-orthognathic surgery. J Stomatol Oral Maxillofac
Surg. 2025;126:102038.
https://doi.org/10.1016/j.jormas.2024.102038

Topgu C, Uysal H, Ozkan O, et al. Recovery of facial
expressions using functional electrical stimulation after
full-face transplantation. J Neuroeng Rehabil.
2018;15:15. https://doi.org/10.1186/s12984-018-0356-0
Zeng T, Ren M, Wang M, Bi X. Effects of structured
orofacial muscle rehabilitation training on the recovery
of facial expression muscles in patients with skeletal
class 1l malocclusion after orthognathic surgery. Oral
Surg Oral Med Oral Pathol Oral Radiol. 2025;52212-
4403(25)01159-9.
https://doi.org/10.1016/j.0000.2025.07.018

Mingazova L, Karpova E, Orlova O, Artemenko A.
Comprehensive rehabilitation of patients with facial
expression asymmetry and synkinesis with botulinum
toxin type A and monofilament mesothreads. In:
IntechOpen; 2022. Available from:
https://doi.org/10.5772/intechopen.106694

Mishra SS, Sayed M. Effects of mime therapy with
sensory exercises on facial symmetry, strength,
functional abilities, and the recovery rate in Bell's palsy
patients. Functional Disability Journal. 2021;4(1):35.
Available  from:  http://fdj.iums.ac.ir/article-1-160-
en.html

Slavin B, Beer J. Facial identity and self-perception: An
examination of psychosocial outcomes in cosmetic
surgery patients. J Drugs Dermatol. 2017;16(6):617-
620. PMID: 28686781

Williams DM, Bentley R, Cobourne MT, Gibilaro A,
Good S, Huppa C, et al. The impact of idealised facial
images on satisfaction with facial appearance:
Comparing “ideal” and “average” faces. J Dent.

http://www.casereportsofsurgery.com

2008;36:711-717.
https://doi.org/10.1016/j.jdent.2008.05.002

95. Mulkens S, Bos AER, Uleman R, Muris P, Mayer B,
Velthuis P. Psychopathology symptoms in a sample of
female cosmetic surgery patients. J Plast Reconstr
Aesthet Surg. 2012;65:321-327.
https://doi.org/10.1016/j.bjps.2011.09.038

96. Bradbury ET, Simons W, Sanders R. Psychological and
social factors in reconstructive surgery for hemi-facial
palsy. J Plast Reconstr Aesthet Surg. 2006;59:272-278.
https://doi.org/10.1016/j.bjps.2005.09.003

97. Demiri E, Spyropoulou G, Tsimponis A, Dionyssiou D.
Three-dimensional printing in plastic and reconstructive
surgery. In: Elsevier eBooks; 2022.
https://doi.org/10.1016/b978-0-323-66193-5.00010-1

98. Cobo R, Oont PAA. Understanding and getting
involved in the international facial plastic surgery
community. Facial Plast Surg Clin North Am.
2020;28(4):531-541.
https://doi.org/10.1016/j.fsc.2020.07.004

99. Jones O, Murphy SH, Durrani AJ. Regulation and
validation of smartphone applications in plastic surgery:
It’s the wild west out there. Surgeon. 2021;19(6):e412-
e422. https://doi.org/10.1016/J.SURGE.2020.12.005

100.Fuller JC, Justicz NS, Kim J, Cheney M, Castrillon R,
Hadlock T. A facial plastic and reconstructive surgery
training module using surgical simulation for capacity
building. J Surg Educ. 2019;76(1):274-280.
https://doi.org/10.1016/j.jsurg.2018.06.027

101.Powers MP, Bosker H. Functional and cosmetic
reconstruction of the facial lower third associated with
placement of the transmandibular implant system. J
Oral Maxillofac Surg. 1996;54(8):934-942.
https://doi.org/10.1016/s0278-2391(96)90386-9

102.Tan SK, Leung WK, Tang ATH, Zwahlen RA. Patient's
satisfaction with facial appearance and psycho-social
wellness after orthognathic surgery among Hong Kong
Chinese using the FACE-Q. J Craniomaxillofac Surg.
2020;48(12).
https://doi.org/10.1016/j.jcms.2020.09.012

103.Rustemeyer J, Eke Z, Bremerich A. Perception of
improvement after orthognathic surgery: The important
variables affecting patient satisfaction. Oral Maxillofac
Surg. 2010;14(3):155-162.
https://doi.org/10.1007/s10006-010-0212-2

104.Menick FJ. Facial reconstruction with local and distant
tissue: The interface of aesthetic and reconstructive
surgery. Plast Reconstr Surg. 1998;102(5):1424-1433.
https://doi.org/10.1097/00006534-199810000-00015

105.Schwitzer JA, Sher SR, Fan KL, Scott AM, Gamble L,
Baker SB. Assessing patient-reported satisfaction with
appearance and quality of life following rhinoplasty
using the FACE-Q appraisal scales. Plast Reconstr
Surg. 2015;135(5):830e-837e.
https://doi.org/10.1097/PRS.0000000000001159

106.Honigman RJ, Phillips KA, Castle DJ. A review of
psychosocial outcomes for patients seeking cosmetic
surgery. Plast Reconstr Surg. 2004;113(4):1229-1237.
https://doi.org/10.1097/01.prs.0000110214.88868.ca

107.Bar A-K, Meier AC, Konzack O, Werkmeister R,
Papadopulos NA. Quality of life in patients undergoing
orthognathic surgery: A multidimensional survey. J
Clin Med. 2025;14(6):1923.
https://doi.org/10.3390/jcm14061923

~ 236~


http://www.casereportsofsurgery.com/

International Journal of Case Reports in Surgery

108.Rankin MK, Borah GL, Perry AW, Wey PD. Quality-
of-life outcomes after cosmetic surgery. Plast Reconstr
Surg. 1998;102(6):2139-2145; discussion 2146-2147.
https://api.semanticscholar.org/CorpusiD:32818245

109.Wes A, Paliga JT, Goldstein JA, Taylor JA. An
evaluation of complications, revisions, and long-term
aesthetic  outcomes in  nonsyndromic  metopic
craniosynostosis. Plast Reconstr Surg.
2014;133(6):1453-1464.
https://doi.org/10.1097/PRS.0000000000000223

110.Marre D, Buendia J, Hontanilla B. Complications
following reconstruction of soft-tissue sarcoma:
Importance of early participation of the plastic surgeon.
Ann Plast Surg. 2011;69(1):73-78.
https://doi.org/10.1097/SAP.0b013e31821ee497

111.Singhal S, Tobin V, Hunter-Smith DJ, Rozen WM.
Classification of postoperative complications in plastic
and reconstructive surgery: A systematic review.
Australas J Plast Surg. 2024;7(1).
https://doi.org/10.34239/ajops.87892

112.Rogon I, Rogon A, Kaczmarek M, Bujnowski A,
Wtorek J, Lachowski F, et al. Flap monitoring
techniques: A review. J Clin Med. 2024;13(18):5467.
https://doi.org/10.3390/jcm13185467

113.Layliev J, Gupta V, Kaoutzanis C, Higdon KK, et al.
Incidence and preoperative risk factors for major
complications in aesthetic rhinoplasty: Analysis of
4,978 patients. Aesthet Surg J. 2017;37(7):767-775.
https://doi.org/10.1093/asj/sjx023

How to Cite This Article

Hussein KK. Advances in facial reconstructive surgery: Techniques
and outcomes (review). International Journal of Case Reports in
Surgery. 2025;7(2):220-237

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-Non Commercial-Share
Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows
others to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.

~ 237~

http://www.casereportsofsurgery.com



http://www.casereportsofsurgery.com/

