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Abstract:
Oral and maxillofacial reconstruction has undergone significant advancements with the advent of modern flap
techniques, expanding the possibilities for effective surgical outcomes. This review explores the latest trends
and  innovations  in  the  field,  including  breakthroughs  in  3D  printing,  tailored  flap  designs,  and  refined
microsurgical  techniques.  These  innovations  are  examined  for  their  potential  to  enhance  tissue  healing,
precision,  and  customized  outcomes.This  review  consolidates  various  local  and  regional  flaps  for  the
reconstruction of oral and maxillofacial defects, detailing their indications, contraindications, and harvesting
techniques.  Emerging  research  directions,  such  as  the  integration  of  artificial  intelligence  for  predictive
analytics, the improvement of flap vascularisation, and the exploration of novel and hybrid flap designs, are
also  examined.  Additionally,  the  review  addresses  the  importance  of  long-term  outcomes,  quality  of  life
considerations, and the ethical and cost-effectiveness implications of these advancements. Overall, the dynamic
evolution of oral reconstruction techniques promises to significantly improve surgical results and patient care.
Key words: Oral Reconstruction, Flap Techniques, Free Tissue Transfer, Microsurgery, 3D Imaging, Donor
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I. Introduction:
Flap surgery, a pivotal aspect of reconstructive procedures, involves transferring tissue from one area

to another while maintaining its blood supply to ensure viability. Unlike grafts, which rely on the recipient site's
vascularity, flaps sustain their own blood flow, making them crucial for repairing tissue defects that cannot be
closed directly.1The origins of flap surgery trace back to 600 BC, with the Sushruta Samhita detailing cheek
flaps  used  for  nasal  reconstruction.  2 Classification  of  Flaps:  Flaps  are  categorized  by  their  blood supply
(random or axial), tissue type (cutaneous, myocutaneous, osseocutaneous),  and distance from the donor site
(local, regional, or distant).3 Random flaps, which depend on the subdermal vascular plexus, are limited to a
length-width ratio of no more than 3:1.4 In contrast, axial flaps, such as the deltopectoral flap, have a named
artery providing a more reliable blood supply.5 Tissue types range from simple cutaneous flaps for small defects
to complex composite flaps like the radial forearm free flap or the fibula free flap for extensive reconstructions.6

Local  flaps,  derived  from nearby  donor  sites,  are  essential  for  integrating  the  donor  site  into  the  closure
process.7They can be advanced, rotated, transposed, interpolated, or combined. Examples include O-to-H, O-to-
Z, rhombic, bilobed, and melolabial flaps.8These rely on random pattern blood supplies and are used for smaller
defects.9Key  considerations  include  scar  formation  and  placement  within  aesthetic  boundaries  such  as  the
nasolabial fold or hairline.10 Local flaps generally adhere to a length-width ratio where the length does not
exceed three times the width of the base. Wide undermining of up to 2 to 4 cm helps close the primary defect,
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though care is needed to avoid disturbing delicate structures.11V-to-Y advancement flaps require about one-third
of their surface area to remain connected to the subdermal fat.12 Regional flaps involve tissues from specific
body areas  not  immediately  adjacent  to  the  defect.13 Key regional  flaps  include  the  Radial  Forearm Flap,
Anterolateral Thigh Flap, Temporalis Myocutaneous Flap, and Omental Flap. Regional flaps offer versatility
and are suitable for larger or more complex defects. Flaps within or close to the oral cavity, such as the Buccal
Fat Pad Flap and the Facial Artery Musculomucosal Flap, are effective for limited intraoral defects. 14 External
flaps like the Platysma, Temporalis Muscle, Pectoralis Major, and various Trapezius Flaps provide coverage
from areas  outside  the oral  cavity.15Free  flaps  are  entirely removed and micro  surgically  reattached.  They
include complex reconstructions such as latissimus dorsi free flaps for traumatic scalp avulsions and radial
forearm free flaps for hemiglossectomies. Free tissue transfer involves various techniques based on flap type
and surgeon preference, with critical considerations including correct tissue type and sufficient vascular pedicle
length.16Techniques  vary,  such  as  identifying  and  dissecting  the  vascular  pedicle  before  flap  elevation  or
starting with flap elevation followed by vascular  dissection.17 Basic flap design is a  fundamental  aspect  of
reconstructive surgery, involving the creation of tissue flaps to restore form and function in areas of tissue loss
or defect.18 Flap design aims to provide adequate blood supply to the transferred tissue while ensuring optimal
aesthetic and functional outcomes.19 Key principles include selecting the appropriate flap type based on the
defect's location and size, considering the surrounding tissues' vascularity, and planning incisions to preserve
neurovascular structures and minimize donor site morbidity.20Common flap designs include local, regional, and
free  flaps,  each  offering  distinct  advantages  and  limitations  depending  on  the  specific  clinical  scenario. 21

Preparation involves thorough patient assessment and medical history review to develop a customized treatment
plan. Preoperative considerations include smoking status, vascular health, steroid use, diabetes, prior surgeries,
defect extent, and patient condition.22Preoperative angiograms may be employed to assess circulation for free or
regional flaps. The "Reconstructive Ladder" guides flap selection, from least invasive methods like secondary
intention healing to complex solutions like tissue transplants. In-office local flap procedures,  such as Mohs
defect closures, use scalpels, forceps, needle holders, dissecting scissors, and sutures. 23

Personnel requirements  range from a minimum of a  surgeon and nurse to including an anesthesia
provider, surgical technician, and first assistant for more complex cases.24Equipment needs vary. Local flaps
may require  only  basic  tools  and  local  anesthesia,  while  larger  regional  and  free  flaps  demand  extensive
instrumentation, including bone saws, operating microscopes, and microvascular tools.25The risk decreases as
neovascularization occurs, typically 2 to 3 weeks post-surgery.26 Secondary donor site reconstruction, usually
with a split-thickness skin graft, is common for large free flaps.27Regional tissue transfer, similar to free tissue
transfer,  offers versatility with flaps adaptable for both regional and free transfer,  maintaining a continuous
blood supply and not detached from the body.28 Notable examples include the paramedian forehead flap and the
pectoralis  major  myocutaneous  flap.29 Regional  flaps  require  less  complex  equipment  and  operative  time
compared to free flaps but may also need secondary reconstruction.30Complications in flap surgery can involve
donor  site  issues  such  as  bleeding,  infection,  scarring,  and  functional  impairment,  as  well  as  flap-specific
problems related to blood supply that can lead to flap necrosis.31 The severity of complications often correlates
with the size and complexity of the flap and the patient’s overall health.32Managing complications effectively
and monitoring closely are essential to ensure optimal outcomes.33 For larger defects,  flap failure has more
extensive consequences and presents significant challenges in achieving successful  reconstruction. 34Vascular
compromise,  often due to venous outflow obstruction, is a common issue, with clot formation in the main
draining  vein  being  frequent  in  larger  flaps.35Local  flaps  may  encounter  issues  from excessive  tension  or
torsion,  and  hematoma  compression  can  affect  vascular  flow.  Venous  obstruction  may  be  managed  with
medicinal leeches and prophylactic antibiotics.36 Early flap failure can be due to infection, inadequate blood
pressure,  poor  nutrition,  and  noncompliance,  while  flaps  with  no  signs  of  venous  obstruction  or  arterial
insufficiency  in the first  week are likely to remain viable.37 Chronic complications can affect  function and
aesthetics, necessitating close monitoring and timely intervention.38 An ideal flap uses minimal tissue, reduces
donor  site  morbidity,  and  ensures  optimal  viability  to  avoid  future  revisions.39Achieving  the  best  patient
outcomes in flap procedures requires a collaborative, multidisciplinary approach. Physicians evaluate patient
suitability, select surgical techniques, and manage complications. Advanced practitioners conduct preoperative
evaluations, assist in procedures, and provide patient education.40Nurses monitor patients, assess flap viability,
manage wound care, and offer education. Pharmacists handle medications, including prophylactic antibiotics
and  pain  management.  Physical  therapists  support  postoperative  rehabilitation,  prevent  complications,  and
encourage early mobilization. Interprofessional communication and teamwork are crucial for ensuring seamless
care, managing complications, and improving patient outcomes.41

II. Discussion:
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A fundamental skill of reconstructive surgery is flap design and transfer to close tissue defects that
cannot be sutured primarily.42 Given the diverse spectrum of tissue defects encountered in patients, ranging
from small, skin-only defects to extensive, multi-tissue-type defects, and the various underlying causes, the skill
set required for flap transfer must be adaptable and continually evolving as new techniques are described. 43

Flaps are often employed for wound closure when substantial tissue loss occurs during trauma or as a result of
oncologic resection.44 Classic examples include traumatic scalp avulsions requiring closure with latissimus dorsi
free flaps and hemiglossectomies requiring reconstruction with radial forearm free flaps.45 Understanding the
anatomy and physiology of  the defect  and potential  donor sites  is  critical  to successful  flap transfer,  as  is
mastery of atraumatic soft tissue surgical technique. Ultimately, flap design and transfer represent the clinical
intersection of the science of medicine and the art of surgery, which renders these procedures either immensely
rewarding or singularly frustrating, depending on the outcome.46

Scalp: 
The scalp's vascular network extends from the edges toward the center, necessitating that scalp flaps be

based peripherally. When forming a skin flap, it should be raised in the loose areolar tissue layer above the
galea aponeurotica. For small defects, the rotation flap is a preferred technique. Design this flap by creating an
isosceles triangle ABC, with the pivot point D along the line projection AC.47 Ensure that line CD is 50% longer
than AC, and use the midpoint of AD as the center to draw an arc from B to D. For defects less than 3 cm²,
primary closure is usually adequate(Figure 1). For defects up to 50 cm², effective options include rotation flaps,
transposition  flaps,  pinwheel  flaps,  bipedicle  advancement  flaps,  double  opposing  rotation  flaps,  and  the
Orticochea four-flap technique.48For defects larger than 50 cm², free tissue transfer is often necessary, with the
anterolateral  thigh  flap  or  latissimus  dorsi  free  flap  being  optimal  choices.  In  the  case  of  forehead  flap
reconstruction for the lower eyelid following the excision of basal cell carcinoma, or for basal cell carcinoma
affecting the left  nasal  ala,  the proximal pedicle is  carefully  untubed and repositioned to the medial  brow,
securing it in place with an inverted 'V' suture.49

Figure 1: Rotation flap for scalp defect

Upper  Face-Eyelid: Reconstructing  eyelid  defects  necessitates  careful  consideration  of  both  skin
coverage and conjunctival lining. For partial-thickness defects in the upper eyelid, if the defect is less than 50%
of the lid, primary closure with a V-Y advancement flap is usually sufficient. Defects exceeding 50% in size are
best addressed with a full-thickness skin graft.50 For full-thickness defects less than 25%, primary closure can be
achieved using techniques such as canthotomy and advancement, or Tessier’s flap (Figure 2).51 For larger full-
thickness defects, the Hughes sliding tarsoconjunctival flap (Figure 3) is highly effective, with other viable
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options including the Mustarde cheek advancement flap, the nasolabial flap, and the forehead flap. In cases of
total eyelid defects, a supratrochlear artery-based median forehead flap is employed.This technique involves
raising the distal third of the flap in the subcutaneous plane, the middle third with the frontalis muscle, and the
proximal third in the subperiosteal plane to incorporate the supratrochlear artery. 52If the flap extends beyond the
frontal hairline, depilation is necessary. Buccal mucosa is used for prelamination of the forehead flap to replace
the conjunctiva, and the flap is positioned over the defect, with division occurring after three weeks.

Buccal (BICHAT) fat pad flap: The buccal fat pad (BFP) is a specialized adipose tissue located in
the masticatory space between the buccinator and masseter muscles, serving to prevent cheek collapse during
infant sucking and aiding intermuscular movement in adults. It is enclosed in a thin fascial layer and has a rich
venous network that may influence cranial and extracranial blood flow. The BFP (Figure 4) comprises a central
body and four extensions: the buccal, pterygoid, deep temporal and superficial temporal. The central body is
situated deep along the posterior maxilla and maxillary buccinator muscle fibers, while the buccal extension is
superficially positioned on the inner cheek.53 The pterygoid extension is located deep to the medial mandibular
ramus,  between  the  medial  and  lateral  pterygoid  muscles.  The  deep  temporal  extension  lies  beneath  the
zygomatic arch on the temporalis muscle, extending medially behind the lateral orbital wall, and the superficial
temporal  extension  is  enclosed  by  deep  temporal  fascia,  stretching  from  the  superior  orbital  rim  to  the
zygomatic arch. The BFP is utilized in various oral and maxillofacial surgeries due to its unique properties. It is
highly  effective  for  reconstructing  oral  defects,  including  filling  soft  tissue  defects  resulting  from trauma,
tumors, or surgical resections, such as those following oral cancer surgeries. It is also employed to support areas
affected  by  osteonecrosis  where  other  tissue  options  may  be  inadequate.  In  palate  and  buccal  mucosa
reconstruction, the BFP enhances closure and improves functional outcomes in cleft palate surgeries and covers
defects resulting from surgery or disease. It manages chronic oral infections or abscesses by filling cavities and
promoting healing, and it may also be used in aesthetic procedures to improve facial contour and volume. In
dental implant procedures, the BFP serves as a graft material to enhance implant sites, especially where soft
tissue is limited. The BFP is advantageous due to its ease of dissection, suitability for local anesthesia, and lack
of visible scarring. It integrates well with surrounding tissues, providing a vascularized and well-accepted graft.
Typically, the BFP weighs about 9.3 grams and has a volume of 9.6 millilitres, and when mobilized, it can
provide a pedicled graft approximately 6 × 4 × 3 cm in size. Harvesting the BFP involves accessing the body
and buccal extension through a small incision in the buccal mucosa using a horizontal mucosal incision along
the superior vestibular sulcus, which is preferred for its efficacy. After incision and exposure, the BFP is gently
extracted, rotated or tunnelled into the defect site, sutured into position, and immobilized with a splint or bite
block for 12 days. It fully epithelializes within 3 to 4 weeks and is covered with healthy mucosa by 3 months.
Despite  its  advantages,  challenges  include  the  delicate  blood supply and  lack  of  a  distinct  pedicle,  which
necessitates  minimizing the flap’s  rotation arc  and  avoiding  tension  during  placement.  Preserving  the thin
capsule over the BFP is crucial to protect the small blood vessels. For patients with prior neck dissection or
extensive head and neck radiation, careful  assessment of the BFP's blood supply and viability is  essential.
Additionally, the flap may affect cheek contour and malar projection, and a nasogastric tube may be necessary
for  feeding  during  the  stabilization  period.  Overall,  the  buccal  fat  pad  is  a  valuable  resource  in  oral  and
maxillofacial surgery, offering a versatile and effective solution for managing defects, enhancing healing, and
improving both functional and aesthetic outcomes.54

Figure 2: Tessier’s flap
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Figure 3: Hughes sliding tarsoconjunctival flap

Figure 4: Buccal fat pad

Nose:For nasal reconstruction, which addresses the tip, dorsum, columella, paired alae, sidewalls, and
soft triangle subunits, the method depends on the defect's size and depth. Small defects are typically managed
with local flaps such as the nasolabial flap (Figure 5) or bilobed flap.55 For larger defects, options include the
frontalis  flap  or  forehead  flap,  chosen  based  on  the  defect’s  size,  location,  and  the  desired  aesthetic  and
functional results. Superficial defects affecting only skin and subcutaneous tissue can be reconstructed with a
bilobed flap or a V-Y advancement flap.56 For extensive nasal defects or complete loss of the nose, the forehead
flap is used, with the defect's  outline marked on the median forehead to guide flap creation.For defects  in
difficult or less accessible locations,  the nasolabial flap and forehead flap are effective choices. 57 For large
defects exceeding 1.5 cm, both the nasolabial flap and forehead flap are recommended.58 In cases of composite
defects  involving  skin  and  adjacent  structures,  a  free  radial  artery  forearm  flap  is  an  appropriate
option.59Reconstructing eyelid defects necessitates careful consideration of both skin coverage and conjunctival
lining. For partial-thickness defects in the upper eyelid, if the defect is less than 50% of the lid, primary closure
with  a  V-Y advancement  flap (Figure  6)  is  usually  sufficient.60 Defects  exceeding  50% in  size  are  best
addressed with a full-thickness skin graft.  For full-thickness defects less than 25%, primary closure can be
achieved using techniques such as canthotomy and advancement, or Tessier’s flap.61 For larger full-thickness
defects, the Hughes sliding tarsoconjunctival flap is highly effective, with other viable options including the
Mustarde cheek advancement flap, the nasolabial flap, and the forehead flap.62 In cases of total eyelid defects, a
supratrochlear artery-based median forehead flap is employed.63This technique involves raising the distal third
of the flap in the subcutaneous plane, the middle third with the frontalis muscle, and the proximal third in the
subperiosteal  plane to incorporate the supratrochlear  artery.64If the flap extends beyond the frontal  hairline,
depilation is necessary. Attention is given to the nasal projection, ensuring the flap design is slightly larger to
account  for  potential  foreshortening.  Adequate  nasal  mucosal  lining is  also considered.  The supratrochlear
artery-based flap is raised and sutured over the defect. After 3 to 4 weeks, the pedicle is divided and the flap is
contoured at the superior aspect of the defect. The proximal pedicle is untubed, repositioned to the medial brow,
and sutured in an inverted ‘V’configuration.65
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Figure 5: The nasolabial flap is narrowly pedicled on the facial artery, and then is tunnelled via the
buccal space into the oral cavity

Figure 6: V-Y advancement flap

Cheek:When addressing cheek defects with excess skin laxity, local advancement flaps are preferred,
provided there is adequate surrounding skin. For superficial defects, options include a full-thickness skin graft,
rhomboid flap, bilobed flap,  or cervicofacial  advancement  flap.  For soft  tissue defects,  the temporoparietal
fascia  flap  or  temporalis  muscle  flap  (Figure  7)  are  suitable  choices.  Small  full-thickness  defects  can  be
effectively managed with the submental flap, deltopectoral flap, forehead flap, or free radial forearm flap. For
larger full-thickness defects, the free radial forearm flap and the free anterolateral thigh flap are recommended.66

Figure 7: Temporalis muscle flap
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Rhomboid Flap for Superficial  Cheek Defects:For small superficial  cheek defects,  the rhomboid
flap (Figure 8) is a highly effective and adaptable technique. Initially, the defect is reshaped into a rhomboid
with 60°  and 120°  angles.67The flap  is  then  designed  in  a  region  of  loose  skin to  facilitate  direct  wound
closure.68 The rhomboid shape of the flap allows for rotation and advancement to cover the defect, minimizing
tension and ensuring an optimal cosmetic outcome.69The flap design is tailored to the defect's shape and size,
ensuring effective coverage. The marking is done in an area of loose skin to enable primary closure of the donor
site with minimal tension. The flap is meticulously elevated from the surrounding tissue, preserving its vascular
supply to maintain viability and prevent complications.70Once elevated, the flap is rotated into position to cover
the defect. Its unique rhomboid shape allows it to be moved or rotated in various directions to accurately fit the
defect, achieving a smooth and well-aligned closure. After securing the flap over the defect, the donor site is
closed, with the design allowing for primary closure with minimal tension, thus reducing the risk of dehiscence
and other issues.71 Postoperative care is crucial for optimal healing and integration of the flap. This includes
monitoring for signs of flap compromise or complications at both the flap and donor sites.  72The rhomboid
flap’s flexibility makes it a valuable option in reconstructive surgery for superficial cheek defects, providing a
functional and aesthetically pleasing result with a relatively simple technique. After incising the flap margins,
the flap is transposed into the rhomboid defect, with the donor site closed along natural skin tension lines.73

Figure 8: Rhomboidal flap

Submental Flap for Intraoral  and Cheek Defects:  The submental  flap (Figure 7) is a  valuable
option for reconstructing intraoral cheek defects, providing both skin and mucosa essential for functional and
aesthetic restoration. Supplied by the submental artery, a direct branch of the facial artery located 5 to 6.5 cm
distal to the facial artery's origin, the flap's vascular supply ensures robust blood flow, crucial for its viability
and successful integration. The flap is harvested from the submental region beneath the chin and includes skin,
subcutaneous tissue, and occasionally underlying muscle. Its size ranges from 4 × 5 cm to 15 × 7 cm, and it
typically extends from the ipsilateral to the contralateral  mandible angle, though larger dimensions are also
feasible.74The flap’s  upper  margin  is  aligned  with  the  inferior  mandible  border.  During  the  procedure,  an
incision  is  made  along  the  inferior  flap  margin,  through  the  platysma  muscle(Figure  10), and  includes
dissection of the anterior belly of the digastric muscle to ensure inclusion of the submental perforator. 75The flap
is carefully elevated to preserve its vascular pedicle and then transposed to cover the defect, ensuring optimal
coverage. It is sutured into place, with the donor site closed primarily to minimize tension. Postoperative care
involves monitoring for signs of flap compromise and maintaining good oral hygiene to prevent infection and
promote healing. The submental  flap's  versatility makes it  suitable for  various intraoral  defects,  effectively
matching surrounding tissue and restoring both function and appearance, thus offering a straightforward and
effective reconstruction solution.76
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Figure 9: Submental flap

Figure 10: Island Platysma Flap

Deltopectoral  Pedicled  Flap  for  Cheek  Defects:The deltopectoral  flap  (Figure  11)  is  a  reliable
technique for reconstructing large or complex cheek defects, utilizing its vascular supply from the perforators of
the internal  thoracic  artery  and the thoracoacromial  artery.77 The flap is  designed between the deltoid and
pectoralis  major muscles,  extending horizontally from 2 cm lateral  to the parasternal  border to the anterior
shoulder, with dimensions tailored to cover the defect effectively. It is elevated in the subfascial plane from
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distal to proximal, with the flap’s vascular pedicle carefully preserved to ensure viability. If the flap needs to
extend beyond the anterior deltoid border, a delay procedureither through traditional elevation and resuturing or
strategic delay involving incising and undermining in the infraclavicular fossa is required. The flap is then
transferred to the defect site, positioned for optimal coverage, and sutured into place, while the donor site is
closed with minimal tension. Postoperatively, careful monitoring for flap perfusion and wound care is essential
to prevent complications and support healing. The deltopectoral flap's versatility makes it suitable for covering
a wide range of defect sizes, offering both aesthetic and functional benefits in reconstructive surgery.78

Figure 11: Deltopectoral flap
Superficial  Temporal  Artery  Forehead Flap  for  Cheek and Intraoral  Defects:The Superficial

Temporal  Artery (STA) forehead flap (Figure 12),  based on the frontal  branch of the superficial  temporal
artery, is a versatile and effective method for reconstructing large or complex cheek and intraoral defects. The
flap is designed to extend from the hairline to the superior edge of the eyebrow and is elevated in the loose
areolar tissue plane above the galea aponeurotica, starting from the distal margin at the outer canthus of the
contralateral eye. Dissection proceeds from the flap's superior edge toward the zygomatic arch, incorporating
the parietal branch of the superficial temporal artery and its associated vein. To preserve facial expression, the
flap can be elevated superficially to the frontalis and corrugator muscles, requiring careful protection of the
frontal branch of the facial nerve.79The flap is transferred to the defect site, where it is secured with sutures for
effective  coverage.  The donor site  is  closed primarily  with attention to  minimizing tension and enhancing
cosmetic  results.  Postoperative  care  includes  monitoring  flap  perfusion,  checking  for  complications,  and
ensuring proper wound care to support healing. The STA forehead flap's ability to cover a wide range of defect
sizes and its excellent aesthetic and functional outcomes make it a reliable choice for reconstructive surgery.80
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Figure 12: Superficial Temporal Artery Forehead Flap

Deep Circumflex Iliac Artery Flap for Maxilla Defects:The deep circumflex iliac artery (DCIA)
flap, based on the deep circumflex iliac artery—an external iliac artery branch—is a valuable reconstructive
option for maxillary defects, especially when other methods are unsuitable. To harvest the flap, a line is drawn
from the femoral artery at the midinguinal point to the inferior angle of the scapula. The skin paddle, typically 8
× 18 cm, is positioned one-third caudal and two-thirds cephalad along this line, starting at the anterior superior
iliac spine and extending posteriorly.81 An incision is made along the flap's upper margin, exposing the external
oblique muscle fibers while preserving the musculocutaneous perforators. The external oblique muscle is then
incised parallel to the iliac crest, and dissection continues medially and inferiorly over the inguinal ligament to
expose the external iliac artery and vein. The deep circumflex iliac artery is traced laterally to the iliac crest,
avoiding the lateral cutaneous nerve of the thigh. Osteotomies complete the elevation of the bone. This flap,
which  includes  skin,  abdominal  wall  muscles,  and  iliac  crest  bone,  is  used  to  reconstruct  maxillary  and
mandibular defects.82The flap vessels are anastomosed to facial vessels, providing a reliable blood supply and
versatility for large defects due to tumor resections, trauma, or congenital anomalies. Advantages of the DCIA
flap include its adaptability to various defect sizes, low donor site morbidity, and dependable vascularization.
Postoperative  care  involves  monitoring  flap  viability  and  managing  donor  site  healing,  with  potential
complications including flap necrosis or donor site pain and numbness. With careful planning and execution,
the DCIA flap offers excellent  functional and aesthetic outcomes, although long-term results depend on the
underlying condition and patient health.83

Lip: The complex anatomy of the lips, comprising skin, mucosa, minor salivary glands, muscles, and
neurovascular structures, is vital for aesthetics, oral competence, speech articulation, facial expression, and the
oral phase of swallowing. The primary goal of lip reconstruction is to restore these elements while maintaining
lip competence and vermillion alignment. For defects less than 25%, direct closure is typically sufficient. For
intermediate defects, up to two-thirds of the lip, options include the Abbe flap (Figure 13), Abbe-Estlander flap,
Gillis flap, Karapandzic flap, and Webster crescentic advancement flap.84 For total lip defects, reconstruction
options  include  the  free  radial  forearm flap,  lateral  arm flap,  bilateral  nasolabial  Fuzimori  gate  flap,  and
unilateral nasolabial Fuzimori gate flap.

The Abbe  flap,  based  on  the  inferior  labial  artery,  covers  two-thirds  of  the  upper  lip  defect  and
includes skin, orbicularis oris muscle, and mucosa of the lower lip, with the pedicle placed at the midpoint of
the defect and typically divided after 14 to 21 days.85 The Estlander flap, based on the superior labial artery and
raised from the upper lip's lateral aspect, is rotated downward into the lower lip defect to create a rounded
commissure. The Karapandzic flap, utilizing bilateral facial arteries, can address up to three-fourths of the lower
lip length while preserving the neurovascular bundle.86 For extensive defects, the free radial forearm flap is
harvested from the flexor side of the forearm, including skin supplied by radial artery perforators and optionally
the palmaris longus tendon and part of the radius bone. Allen’s test should confirm adequate hand vascular
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supply before harvesting. Dissection starts in the subfascial plane, preserving superficial veins and avoiding
damage to the superficial radial nerve, with the radial artery divided at the distal edge and dissection extended
proximally.  Suprafascial  dissection  helps  reduce  donor  site  morbidity.  The  lateral  arm  flap,  supplied  by
perforators from the posterior radial collateral artery, is harvested along an axis from the deltoid insertion to the
lateral epicondyle, with an average flap size of 12 × 6 cm. Dissection is performed in the subfascial plane,
including the posterior cutaneous nerve for sensory function, and the flap may need defattening. This flap is
also suitable for small oral mucosa defects.87

Figure 13: Abbe flap

Oral Cavity:The recommended reconstruction strategies for oral cavity defects depend on the defect's
size and location. For defects exceeding 2 cm, available options include the nasolabial flap, submental flap,
forehead flap, large pectoralis major myocutaneous flap (Figure 14) , free radial forearm flap (Figure 15), and
free anterolateral thigh flap ( Figure 16) . The nasolabial flap, used for intraoral mucosa defects, is typically an
inferiorly  based  flap  harvested  from  the  nasolabial  fold  in  the  subcutaneous  plane,  usually  supplied  by
perpendicular branches of the angular artery.88 During dissection, the facial artery is preserved, and a tunnel is
created in the buccal mucosa to position the flap inside the oral cavity. To avoid the need for a secondary
procedure  to  close  an  orocutaneous  fistula,  the  base  of  the  flap  where  it  enters  the  oral  cavity  is
deepithelialized.89 The pectoralis major myocutaneous flap is another option, with the thoracoacromial vessels
supplying it running perpendicularly from the midpoint of the clavicle to the line connecting the acromion
process and xiphisternum. The entire skin over the pectoralis major muscle can be raised, with flap size adjusted
to reconstruct either the oral mucosa alone or both the mucosa and cheek skin. Commonly, a flap size of 6 × 7
cm is used, with adjustments made to avoid hair-bearing skin in males and breast tissue in females. The flap is
elevated through a lateral incision to expose the pectoralis major muscle, followed by dissection to include the
thoracoacromial vessels. Once the muscle and feeding vessel are identified, the planned skin paddle is incised,
and  the  muscle  is  detached  while  preserving  the  vascular  pedicle.  If  a  deltopectoral  flap  is  harvested
simultaneously, care is taken to preserve internal mammary perforators by leaving a sufficient portion of the
pectoralis muscle near the parasternal border.90
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Figure 14: Pectoralis major myocutaneous flap

Figure 15: Free radial forearm flap

Figure 16: Anterolateral thigh flap

Tongue: Achieving three-dimensional reconstruction of the tongue is crucial for effective swallowing
and speech, and the functional outcome largely depends on the amount of residual tongue tissue. For tongue
defects,  the recommended reconstruction options are as follows: the free radial  forearm flap is suitable for
hemiglossectomy, the free anterolateral thigh flap is recommended for subtotal glossectomy, and a pentagonal
free anterolateral thigh flap is indicated for total glossectomy with floor of mouth involvement. Specifically, the
radial  artery  forearm  flap,  designed  in  an  omega  shape  with  a  wider  base,  can  address  defects  from
hemiglossectomy to subtotal glossectomy, covering both the base of the tongue and the floor of the mouth. For
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total glossectomy, reconstructing the floor of the mouth requires a pentagonal-shaped flap, and the anterolateral
thigh flap can be effectively used for this purpose as well.91

Mandible:  Mandible  reconstruction  is  essential  for  restoring  facial  contour,  maintaining  oral
continence, enabling swallowing function, and supporting dental rehabilitation. The fibula flap (Figure 17) is
the preferred method for this reconstruction, available as an osteocutaneousflap or an osteomusculocutaneous
flap, tailored to specific needs. The deep circumflex iliac artery composite flap is also effective for defects from
lateral or hemimandibulectomy. Recommended approaches for different mandible defects include using a free
fibula flap for central 1/3rd defects, lateral defects, and total mandibulectomy, while a free fibula flap or deep
circumflex iliac artery flap is suitable for lateral defects, and a free fibula flap or pectoralis major myocutaneous
flap for hemimandibulectomy. For free fibula osteocutaneous flap harvesting, the patient is positioned supine
with the knee flexed at 135°, the hip at 60°, and the leg internally rotated.92 Skin perforators are marked in the
middle third of the leg along an axis about 3 cm parallel and behind the line from the fibula head to the lateral
malleolus,  with  a  skin  paddle  outlined  around  the  perforator.  The  anterolateral  thigh  flap,  particularly  in
females, is often thick and may require thinning by excising excess subcutaneous fat without compromising
perfusion. The flap, being bulky, necessitates thinning either during the initial operation or later,  while the
vastus lateralis muscle, nourished by the same pedicle, can be included as needed for various reconstructions.93

Figure 17: Osteofasciocutaneous Fibula Free Flap

Pharynx:  For  the  reconstruction  of  pharyngeal  defects,  the  choice  of  technique  depends  on  the
location and size  of  the defect.  For  anterior  wall  defects,  options include  the  free  anterolateral  thigh flap,
pectoralis major myocutaneous flap, and free radial forearm flap. If the pectoralis major myocutaneous flap
fails, the free anterolateral thigh flap is recommended for addressing defects involving the neck and intraoral
mucosa. For circumferential defects, suitable methods are the free anterolateral thigh flap, free radial forearm
flap, and free jejunal flap.94

Anterolateral Thigh Flap for Anterior Wall Defects of the Pharynx:  The anterolateral thigh flap must
be thinned during the initial surgery to achieve a secure closure. Proximally, the flap is connected to the base of
the tongue and posterior pharyngeal mucosa. The anterior wall of the cervical esophagus is split longitudinally
for  approximately  1.5 cm to facilitate  a  spatulated distal  anastomosis,  which enlarges  the anastomosis and
minimizes the risk of ring stricture. A triangular extension is created at the distal edge of the flap and inserted
into the longitudinal split  of the esophagus to complete the spatulation. For pharyngeal reconstruction, it is
preferable to raise the anterolateral  thigh flap with two perforators and two distinct skin paddles. One skin
paddle is used for pharyngeal reconstruction, while the second paddle is oriented outward to cover the neck and
allow for flap monitoring. If two skin paddles are not feasible, flap monitoring can be accomplished using an
implantable Doppler or a handheld Doppler device.95

Future Research: Looking ahead, ongoing innovation in oral reconstruction is expected to focus on
several key areas. Future research should concentrate on refining flap techniques to further enhance surgical
precision  and  patient-specific  outcomes.  This  includes  optimizing  current  methods  and  exploring  new
technologies to reduce complications and recovery times. Further advancements in imaging and navigational
systems are anticipated to improve flap design and placement, while emerging trends in biomaterials and tissue
engineering  offer  promising  avenues  for  reducing  donor  site  morbidity  and  enhancing  tissue  integration.
Additionally, the exploration of regenerative medicine and stem cell therapy could revolutionize reconstructive
surgery  by  promoting  tissue  regeneration  and  shortening  recovery  periods.  Continuous  research  and
development will be crucial in evolving oral reconstruction strategies to meet the diverse needs of patients with
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oral  and maxillofacial  conditions.  Staying informed about  these  advancements  and incorporating  the  latest
techniques will be essential for professionals in the field to maintain high standards of care and achieve optimal
patient outcomes.96

III. Conclusion:
The field of oral reconstruction has experienced significant advancement due to the introduction of

innovative flap techniques and methodologies. These developments have markedly enhanced the precision and
outcomes of reconstructive surgeries, leading to improved patient recovery and quality of life. The integration
of advanced imaging technologies and sophisticated flap designs has transformed oral reconstruction practices,
enabling more tailored and effective solutions for complex oral defects through techniques like perforator flaps,
free flaps, and tissue engineering. These innovations reflect a broader trend towards personalized and minimally
invasive approaches, leveraging progress in surgical technology, material science, and regenerative medicine to
achieve  superior  functional  and  aesthetic  results.  The current  classification  system assists  in  selecting  and
designing  specific  free  flaps  for  addressing  various  oral  and  maxillofacial  defects,  with  perforator-based,
branch-based  ALT flaps,  and  carefully  designed  fibular  flaps  proving  effective  for  different  defect  types.
Nonetheless, it is crucial to account for anatomical variations in patients to optimize surgical outcomes.
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