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KEY POINTS

e Prevalence and Impact: Gingivobuccal cancers are common head and neck cancers and the sur-
gical traetment often results in complex defects.

e Evolving Reconstruction Techniques: Reconstruction has progressed from primary closures and
skin grafts to advanced local, regional, and free tissue transfers, tailored to defect size and
anatomic involvement.

e Technological Innovations: Virtual surgical planning, 3D modeling, robotics, and bioactive scaffolds
have enhanced reconstructive precision, reduced operative time, and minimized donor-site
morbidity.

e Multidisciplinary and Multicomponent Approaches: Inverse occlusion-based planning, chimeric
and composite flaps, and the use of iliac crest and scapular donor sites allow for restoration of com-
plex, multidimensional defects.

e Regenerative Medicine and Prosthodontics: Advances in biomaterials, dermal substitutes, tissue
engineering, and computer-aided dental implant placement support functional rehabilitation and
improve long-term quality of life for patients.

INTRODUCTION has evolved from primary closures and skin grafting
to local, regional, and free tissue transfers tailored
to the defect size and the involvement of adjacent
structures. Apart from advances in surgical tech-
niques, technologies such as virtual surgical plan-
ning, three-dimensional (3-D) modeling, bioactive
scaffolds, and robotics have also contributed
to improving reconstructive precision, reducing
operative time and hospital stay, and minimizing

The mainstay of treatment of gingivobuccal com-
plex cancers is surgery.! The defects after tumor
extirpation can range from simple mucosal defects
to defects involving the skin, mandible, palate,
tongue and/or the infratemporal fossa. They jeop-
ardize speech, swallowing, mastication, and facial
aesthetics. The reconstruction of these defects
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Abbreviations

ALT anterolateral thigh

ART Alberta Reconstructive Technique

DCIA  deep circumflex iliac artery

FOCFF free osteocutaneous fibula flap

PSI Patient-specific implants

SMART Sydney modification of the Alberta
Reconstructive Technique

STL stereolithographic

TFL-IC tensor fascia lata—iliac crest

TR total temporomandibular joint
replacement

VSP virtual surgical planning

donor-site morbidity. Within this rapidly developing
landscape, advances in buccal reconstruction aim
not only to restore continuity but to optimize onco-
logic safety, early rehabilitation, and long-term
health-related quality of life.?

ADVANCES IN PRINCIPLES

Occlusion-Based Reconstruction: Traditionally,
forward planning was employed to reconstruct
mandibular defects associated with gingivobuccal
cancers. This approach did not account for the pa-
tient’s occlusion or future dental rehabilitation. It
has since been replaced by inverse planning,
wherein the free bone flap is planned only after oc-
clusion has been corrected, either on the patient
directly or on stereolithographic (STL) models
used for plate contouring and osteotomy plan-
ning.2 This approach facilitates improved mastica-
tory function and enables prospective planning for
dental rehabilitation. Inverse planning necessitates
a collaborative team comprising surgeons, pros-
thodontists, and biomedical engineers, represent-
ing a truly multidisciplinary effort.

Virtual Surgical Planning and Reconstruction:
Traditional reconstruction of the mandible and
maxilla relied on preplating to ensure occlusion
and successful bone reconstruction. However,
this approach was time-consuming and often
imprecise, particularly when tumor expansion
precluded accurate preplating. Virtual surgical
planning (VSP) emerged as a solution to these lim-
itations. Initially, imaging data was used to create a
virtual model of the mandible, following which the
diseased segment was digitally resected and
replaced with a mirror image of the contralateral
mandible. These corrected images enabled the
printing of STL models, allowing surgeons to preb-
end reconstruction plates in the laboratory while
maintaining proper occlusion. The precontoured
plates were then transferred to the operating
room and applied to the patient, ensuring accurate
adaptation and preserved occlusion. Subsequent

advancements in VSP have enabled the printing
of cutting and osteotomy guides that precisely
direct bone cuts in the native mandible and osteot-
omies in the fibula, thereby simplifying the proced-
ure and reducing operative time. More recently, the
incorporation of implant guides has facilitated the
placement of primary dental implants at the time
of reconstruction. Thus, virtual surgical planning
not only ensures optimal occlusion but also enables
the fabrication of guides for the various steps of
mandibular and maxillary reconstruction.* Fig. 1
shows the virtual surgical planning for mandible
defect using scapula osteocutaneous flap.

Multiple Subunit Reconstruction: Defects result-
ing from ablation of advanced gingivobuccal tu-
mors are rarely small; they typically involve
multiple subsites and are multidimensional. The
defect components usually include skin, mucosa,
and bone. The goals of reconstruction must be
established at the outset. If soft tissue coverage
alone is required, an anterolateral thigh (ALT) flap
would suffice. However, the primary objectives in
such resections are to restore bony continuity,
establish occlusion, and provide both mucosal
and cutaneous coverage. While the fibula free
flap remains the workhorse for mandibular recon-
struction due to its excellent characteristics, it of-
fers limited soft tissue. The flexor hallucis longus
and soleus muscles can be harvested with the
flap, but these are useful only for resurfacing fixed
mucosal defects or obliterating dead space. When
the fibula is selected, a second flap is often neces-
sary to address the external skin defect. Several
options exist, including both free and regional
flaps. The simplest approach is to use a deltopec-
toral flap for external skin coverage, which can be
divided after 6 weeks. This flap obviates the need
for an additional microvascular anastomosis and
provides reliable vascularity when planned appro-
priately. The supraclavicular flap is another pedi-
cled regional option. If a free flap is preferred for
comprehensive reconstruction, the scapular flap
is ideal for composite defects owing to its
availability of bone, skin, and soft tissue. Although
the length and caliber of bone may be limiting fac-
tors, the multiple components available make it a
suitable choice for composite defects.® Fig. 1;
Figs. 2-6 shows Virtual surgical planning for
mandible defect using scapula osteocutaneous
flap including cutting guides.

Bone Reconstruction in the Absence of the
Condyle: Inclusion of the condyle in the resection
specimen presents a considerable challenge to
the reconstructive surgeon. For young, dentate in-
dividuals without trismus, bony reconstruction re-
mains the preferred approach. Techniques such
as cantilevering the fibula with gap arthroplasty
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Fig. 1. (A-D) VSP for mandible defect using scapula osteocutaneous flap including cutting guides. (A) Planning
the resection margins. (B) Planning the part of the lateral border of scapular to be harvested. (C, D) Performing
virtual surgery and placing the scapula bone to reconstruct the defect.

have been employed; however, while these
methods achieve acceptable aesthetic outcomes,
functional results are often suboptimal. The ideal
reconstruction for optimizing both function and
appearance is total temporomandibular joint
replacement (TJR). Nevertheless, primary TJR is
not recommended due to the deleterious effects
of postoperative radiation on the prosthesis. In
the setting of secondary reconstruction, TUR may
be considered with appropriate precautions (see
Fig. 2).Temporomandibular joint prostheses are
available in 2 configurations: patient-specific im-
plants designed using virtual surgical planning,
and stock implants available in various sizes with
the best-fitting option selected intraoperatively.

ADVANCES IN FLAPS AND GRAFTS

Chimeric Flaps for Complex Defects: Gingivobuc-
cal cancers can involve the mucosa, skin,
mandible, palate, and infratemporal fossa. For pa-
tients in whom bony reconstruction is not contem-
plated, soft tissue flaps with multiple components
are available. Examples include the ALT flap®
and flaps based on the subscapular system.”
Chimeric flaps circumvent the limitations of
single-component flaps, such as the need to fold
the skin paddle or deepithelialize portions when
transitioning from the intraoral to the external
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surface. Folding a flap results in increased bulk,
raises the risk of vascular compromise, and pro-
duces inferior esthetic outcomes compared to
chimeric flaps, which can be designed to conform
to the defect without manipulation. Additionally,
muscle can be harvested with chimeric flaps for
dead space obliteration, particularly in patients
requiring reconstruction of the infratemporal fossa.
The ALT flap may incorporate multiple skin perfo-
rators and muscle perforators, facilitating harvest
of the vastus lateralis muscle. With the subscapu-
lar axis, skin components can be obtained from
the scapular or parascapular territories, while
skin and muscle can be harvested from the thora-
codorsal axis. A notable advantage of the sub-
scapular system is that it permits harvest of bone
from the lateral border of the scapula, an option
not available with the chimeric ALT flap. In cases
where lip defects accompany complex gingivo-
buccal defects, the ALT flap may be extended;
however, a second free flap, such as a radial fore-
arm flap with a fascial sling, is often required for lip
reconstruction.®

lliac Crest as a Donor Site: The iliac crest offers
several advantages as a donor site for free tissue
transfer. The volume of bone stock available for
harvest exceeds that of other osseous flaps, mak-
ing it ideal for dental implantation. Drawbacks
include a short pedicle, bulky skin if a cutaneous

Fig. 2. (A, B) Secondary mandibular
reconstruction in the absence of
condyle using E-TJR (total joint
replacement). (A) 3D reconstruction
of the defect showing the absence of
condyle. (B) TJR prosthesis along with
free fibula osteocutaneous flap for
reconstruction.
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Fig. 3. (A-C) Outcome of DCIA osteocutaneous flap for mandible and buccal reconstruction. (A) Epithelialized
lower alveolus and gingiva. (B) Dental rehabilitation. (C) Reconstructed contour of the jaw.

paddle is harvested, and donor site morbidity.
However, the unique anatomy of the iliac crest per-
mits the harvest of composite flaps. The first is the
tensor fascia lata—iliac crest (TFL-IC)-internal obli-
que flap, which incorporates the iliac crest along
with the tensor fascia lata and internal oblique mus-
cles. This flap requires 2 anastomoses and is well
suited for reconstruction of complex maxillary de-
fects. The second is the TFL-IC flap, which can
be used to reconstruct single-subunit defects in
the maxillofacial region.®'® The surgical photo-
graphs of deep circumflex iliac artery flap (DCIA)
flap are shown in chapter 9. Fig. 3 shows the
outcome of DCIA osteocutaneous flap for mandible
and buccal reconstruction in a different patient.
Bone Substitutes: The cornerstone of dental
rehabilitation following mandibular resection is
the provision of adequate bone height. The free
fibula osteocutaneous flap remains the standard
for mandibular reconstruction; however, a major
limitation is insufficient bone height for implant
placement and prosthetic rehabilitation. One op-
tion for vertical bone augmentation is an onlay iliac
crest bone graft, although this approach carries its
own drawbacks, including donor site morbidity
and rapid resorption. Nanotex bone is a synthetic
biomaterial developed for vertical bone augmenta-
tion that is biomimetic, porous, mechanically sta-
ble, and biodegradable. It mimics native bone

SRV
N

Fig. 4. (A-C) NANOTEX. (A) Bone Substitute Nanotex used for augmenting bone height. (B) Intraoperative pic-

ture demonstrating the use and how to fix the NANOTEX. (C) Postoperative radiograph demonstrating the in-
crease in height achieved by the use of NANOTEX.""

architecture and promotes cellular infiltration,
neo-angiogenesis, and new bone formation.'
Research in this area is ongoing, and similar mate-
rials are likely to be developed soon. Fig. 4 shows
bone substitute NANOTEX. "

Dermal Substitutes: Acellular dermal matrices
are collagen-based scaffolds that are increasingly
being used for reconstruction of small-to medium-
sized thin mucosal defects of the buccal mucosa.
The principal advantages of dermal substitutes are
avoidance of separate flap harvest and the associ-
ated donor site morbidity and facial scarring.
These matrices serve as scaffolds that facilitate
mucosal ingrowth and neovascularization, which
in turn reduces scarring and improves functional
outcomes. A wide variety of dermal substitutes
are commercially available, including Integra,
MatriDerm, and biodegradable temporizing ma-
trix, among others. The major drawback is cost.
Consorti and colleagues performed a retrospec-
tive study in which dermal matrices were used in
47 patients with oral squamous cell carcinoma
following resection. They concluded that dermal
matrices represent a valid alternative in oncolog-
ical reconstructive surgery for small-to medium-
sized intraoral mucosal defects, as they facilitate
reepithelialization of the wound bed.?

Regenerative Medicine and Tissue Engineering:
Regenerative medicine is advancing at a rapid
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Fig. 5. (A-C) Guiding flange prosthesis. (A) Guiding flange prosthesis. (B) Placement and use of the guiding
flange. (C) Occlusion achieved by using the guiding flange.

pace, with its most significant applications in the
head and neck region pertaining to bone regener-
ation. Although surgical reconstruction using
grafts or flaps remains the current gold standard,
it is associated with several drawbacks, most
notably donor site morbidity. Furthermore, these
conventional techniques fail to replicate the pre-
cise three-dimensional architecture of native
tissues. These limitations can potentially be over-
come through tissue engineering, which relies on
3 fundamental components: a scaffold, cells,
and signaling molecules.’™ Warncke and col-
leagues'* demonstrated a novel application of
this approach by implanting growth factors into
the latissimus dorsi muscle for flap prefabrication,
subsequently using the engineered tissue to
reconstruct a segmental mandibulectomy defect.
Beyond bone regeneration, epithelial tissue, spe-
cifically oral mucosa, has also been an area of
active investigation. Ex vivo produced oral mu-
cosa equivalent preparations have been used for
prelamination of radial artery free flaps, with sub-
sequent transfer to the oral cavity resulting in
accelerated wound healing.'®

ADVANCES IN PROSTHODONTICS AND
IMPLANTS

Prosthodontics in reconstruction: Guiding flange/
guide plane prosthesis: Resection of a part of the
mandible causes the mandible to drift to the ipsilat-
eral side during mastication. This prevents optimal
occlusion causing the patient to lose the ability of
mastication. In turn, the patient cannot consume

solid foods. A guide plane prosthesis or guiding
flange is a training type of prosthesis. It engages
the maxillary teeth during mandibular closure,
thereby directing the mandible to an appropriate
position. Early use of the guiding flange is associ-
ated with a higher success in achieving occlusion.
The use of this prosthesis can often be discontin-
ued once the patient has been trained.’® Fig. 5
shows the Guiding flange prosthesis.

Implant based prosthetic rehabilitation: Endo-
sseous dental implants are considered a stable
and reliable option for reconstruction with advan-
tages such as increased chewing efficiency,
preservation of the remaining bone height and
width, and improved quality of life. Prosthetic
rehabilitation options were originally proposed
by Misch in 1989 and include implant assisted
fixed dentures or removable implant assisted
dentures.”

Advances in dental implants: ldeal implant
placement optimizes long-term performance and
avoids damage to critical anatomic structures.
The traditional freehand approach to implant
placement is associated with a considerable
margin of error. With the rapid evolution of digital
technology, these tools are increasingly being
incorporated into treatment planning. Dynamic
computer-aided implant surgery and robot-

assisted implant surgery represent the latest ad-
vancements. These technologies offer significant
advantages, including reduced deviation, greater
stability, and improved accuracy by circumventing
human factors such as limitations in hand-eye co-
ordination, fatigue, and tremor.'®

Fig. 6. (A-D) Secondary reconstruction of mandible using a PSI and FOCFF with dental implants. (A) VSP the use
of PSI and dental implant. (B) Dental implant placement using the PSI model. (C) Intraoperative picture of the PSI
and dental implants. (D) Postoperative orthopantamogram.
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Rohner, ART, and SM-ART Techniques: The
Rohner method and the Alberta reconstructive
technique (ART) are established protocols for
mandibular reconstruction that integrate virtual sur-
gical planning with dental implant placement.’®2°
Building upon these approaches, a refined tech-
nique has been developed to optimize outcomes.
The Sydney modification of the Alberta reconstruc-
tive technique (SM-ART) is a hybrid of the Rohner
method and ART. SM-ART differs from ART in 3
key aspects: the use of patient-specific custom
plates, intraoral placement of implants via 3-dimen-
sionally printed guides, and a skin graft buried deep
to the skin paddle of the fibula flap during the first
stage of reconstruction.?"

Patient-specific implants: Certain aspects of
maxillary and mandibular reconstruction require
custom implants to address defects for aesthetic
purposes. Patient-specific implants (PSls) are of
3 types: those used in conjunction with a micro-
vascular bone flap, and those used to reconstruct
the entire bony defect, typically reserved for select
benign cases. When used with a fibula free flap for
mandibular reconstruction, PSls offer several ad-
vantages. The plate is designed specifically for
the patient and arrives precontoured. Additionally,
the PSl is engineered to serve as a trough for the
fibula, with fixation points positioned away from
planned dental implant sites. These implants pro-
vide excellent contour and highly stable fixation.
However, they are larger than low-profile recon-
struction plates and are generally suitable only
for patients with benign pathology. Furthermore,
as they are prefabricated, intraoperative adjust-
ment is not possible should the resection margin
need to be extended. For benign maxillary tumors,
PSIs have been used to reconstruct the anterior
wall of the maxilla and zygoma. Regardless of
the site of application, adequate vascularized
soft tissue coverage is essential to prevent implant
extrusion.?? Fig. 6 shows a secondary reconstruc-
tion of mandible using a patient specific implant
and free osteocutaneous fibula flap (FOCFF) with
dental implants.

Jaw in a day: Conventionally, the dental rehabili-
tation of patients undergoing maxillary or mandib-
ular reconstruction was in 2 stages. The first
stage would be the fibula bone flap, and the second
stage would include debulking of the flap, vestibu-
loplasty, and placement of the implants. This
required a considerable amount of time for the
dental rehabilitation and the addition of RT delayed
the process longer and yielded poorer results.
Levine and colleagues described a single stage
technique to provide forimmediate dental rehabili-
tation at the primary reconstruction itself. This
development has been facilitated by computer-

aided design and computer-aided manufacturing,
which allows precise determination of osteotomy
locations, design of reconstruction plates, and
occlusion-driven installation of implants and
prosthesis.?®

Treatment and patient related factors:
Advanced-stage cancers of the gingivobuccal
complex frequently require adjuvant treatment
in the form of radiation or chemoradiation.
Indications for adjuvant therapy include T3/T4
disease, positive or close margins, nodal metas-
tasis, and extranodal extension. The reconstruc-
tive method chosen must accommodate these
treatment requirements. Several treatment
related factors warrant careful consideration:
the use of nonvascularized biological tissues,
potential delays in initiating radiation due to
poor tissue healing or flap failure, and the delete-
rious effects of external beam radiation on dental
implant osseointegration. When operating in a
previously treated or irradiated field, poor wound
healing and the absence of viable recipient ves-
sels for microanastomosis pose additional chal-
lenges. Patient specific factors that influence
reconstructive choice include poor nutritional
status, advanced age, and the presence of se-
vere trismus. The reconstructive plan should be
individualized based on these treatment-related
and patient-related considerations to achieve
optimal oncological and functional outcomes.

SUMMARY

Reconstruction of the gingivobuccal complex
following cancer surgery has evolved from a
largely empirical practice to a highly individualized,
technology driven endeavor. Microvascular free
flaps remain the cornerstone of defect reconstruc-
tion, while biomaterials and tissue engineering
strategies hold considerable promise for augment-
ing current approaches. Technologies such as
virtual surgical planning and robotic-assisted sur-
gery have enhanced precision and minimized
intraoperative errors. Emerging advancements,
including stem cell therapy and allotransplanta-
tion, although currently in nascent stages, are
poised to become integral components of the
reconstructive armamentarium. Achieving recon-
struction that optimizes function, aesthetics, and
quality of life while minimizing morbidity necessi-
tates a multidisciplinary approach. This collabora-
tive model should encompass the head and
neck oncosurgeon, reconstructive microsurgeon,
oral and maxillofacial surgeon, prosthodontist,
and biomedical engineer, each contributing
specialized expertise toward comprehensive
patient-centred care.
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CLINICS CARE POINTS

e Inverse planning over forward planning re-

stores occlusion and enables dental rehabili-
tation in mandibular reconstruction after
gingivobuccal cancer resection.

Virtual surgical planning with cutting guides
improves osteotomy precision, reduces oper-
ative time, and facilitates primary dental
implant placement during reconstruction.

Chimeric flaps address multicomponent de-
fects involving mucosa, skin and bone
without flap folding, reducing bulk and
vascular compromise.
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